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Abstract

The elastic properties of geological units under the local site are major influence
on ground shaking due to an earthquake. In seismic hazard assessment, shear wave velocity (V)
of the soil layer is an important parameter in evaluating the amplification behavior of the site
during an earthquake. To classify the sites for earthquake resistant design of structures, the
average shear wave velocity over 30 m depth of the soil (V 30) is commonly used. In this study,
the V 30 values were calculated by using the V_ derived from multichannel analysis of surface
wave (MASW).
The MASW data were acquired at 25 preselected sites in HatYai city, southern
Thailand to create a soil classification map based on the NEHRP (National Earthquake Hazards
Reduction Program) standard. It is found that the NEHRP site classification map and the geologic
map of Hatyai city are in good agreement. Sites near the U-Tha Pao cannel which are
characterized by alluvial plain located west of HatYai city have the average V 30 values about
281.2 m/s, corresponding to NEHRP soil class D. Sites in eastern HatYai city are characterized by
colluviums and valley filled soils, and have average V 30 values about 456.5 m/s, corresponding
to NEHRP soil class C. Although the western part of HatYai city tends to be larger ground
motion behavior, the deeper sediment the bedrock interface and the predominant site period

information would improve the reliability of the ground motion assessment.


http://www.nehrp.gov/
http://www.nehrp.gov/
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[ 1 a 2,’ 1A o 1 1 2,’
YouveeIma nauazuinudmldvesazneuimigalnt Nazaudregauit aznou
4 [
nguilvzilsznonlidre@uiniiensau (unconsolidated  clay) T1Jaude Aumileanesiu

(semiconsolidated clay) 1318 4azNIINA AWMU TZIU 50-200 UAT
y
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(% a 9y 901 g}z ya a v A ] = 1A
mw3‘uwwuquuﬂu%u“lmﬂuummmmmmﬂiwm NNNITANEINUINY 3
9
9

'
¥ A v oA ¥

Y [ g’/ a g 1
Furuduin (31UN1.4) Ao Fuiiuduiinialveg (Hat Yai aquifer) ¥uHuguiiiga1 (Khu Tao

a QU q

Y a Y J

v Y Y H Y
aquifer) YURUGUIINONIA (Kho Hong aquifer) FevunuguinildSuanirlusaiigege

E]

-1

3 1

a ¥ oa g ' P =
o Gﬁuﬁuquu’]ﬁ’]ﬂiﬁﬂg Tﬂﬂﬁ]%@gﬂmmaﬂﬂixmm 20-40 LUN T (Chlermyanont etal., 1995)

o X
1.2.5 NQUHNUFIY
A A
1.2.5.1 nau 1MIazINeY (Seismic Waves)

NOBHANUBAKGU (Theory of elasticity)

Y
=X o

LY 4 = o A o A [ a 9
1. ANUAY (Stress) BUNUIININTENMINAINA NN IDIAYISINANITUIAUUYUN
Y A 1 Y A W g’; 9 o a g’; o dﬂl A
“lmmiyﬂaﬂuuﬂmgﬂsmmzmmﬂmﬂmwamﬂquu 159052 TUNANIAIRINOUNUN
= 1 9 a 19 d' o A A v dy d‘d 1 9
Fennanuaulng (Normal Stress) UADULTINNWINTEMUNAVUIUDUNUNLITINIIANNLAY

nou (Shear Stress)

9
[ v

2. ANUIATEA (Strain) o dag lasunsudurih ldiaguuiizUnsadlaouly
Y
v A

=~ @ ' = U ~ @ =2 1 P2 ~ ] >~
ﬂ’lﬁlf]JﬁﬂullﬂaQ@Qﬂﬁ’nliﬂﬂﬂ’lﬂ'ﬂﬂlﬂﬁﬂﬂ @1\“I‘Ll‘LliNﬂﬁ'I'JVI)@'J'IT’]'J'INLﬂﬁEJﬂﬂﬂ@ﬂ'Iﬂ‘]Jaﬂul!ﬂﬁﬁ

~ a J Yo Y
GU'0\°|"U‘Ll'l@L“Lr%EJULﬂfl‘]JﬂJu’l@LﬂiJﬂ@uhl@i‘UL!i\“lmu

=

e 1A unsanszihvzimsulasunilasdnyae (Deformation) 191 31/519

Q
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o = i Y { ~ ' 4
W30UUIAAOAAGOINUNYHHANNEANEGY (Theory of elasticity) TngNTANNBAMGUANY 3D
A o a ] s R = A ~ % v o
sV AuAIgIluDANedaysel FavamsnasuunlasionnuAssadun Y
A o @ X o o U
YAUBITINUINTZINHITOANWAUUUIAAINNY VDA (Hook s* Law) Huiludasidiy
YDINNWAUADANWIATBA (50071 AINOYAAVOIAINAI  Tasupgddd1usuAIMAUIAE
9 9
ANnuisssan T ianuzlianuaenndesnumurialugaivazideane i
-yo@a@nou (Shear modulus, ) A0 ANWAINITDTUNITAIUNS
d’ 1 4’ A o A (% 1 9 A %
WasuulasglsiuiiognusuReunIngzi HI00ANTINVOIANWANRDY (7) AU

anuAseamou (tand) (3191.5b)

. T
tané@

y7; (1.1)

iiesmnoimanuveuvad liaunsadusuionld vegamionvesena

a 1w 4
HAZUBAUNAINAUNINUFUY (u= 0)
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- §3U9ad (Young ’s modulus E) Aiv 6AT182UV09A1MIAUAIADANUIATEA

Y < 4 {
Glullu')ﬂ']'lell@\jjﬁg‘ﬂi\jﬂiguaﬂmu']ﬂ!aﬂ lﬁ@ﬂ@ﬂlli\iaQﬁﬁl']u‘]Ja']ﬂ

= (31+24)

(+ ) (-2

Tagii A4 fio miasitad

- 1aduegad (Bulk modulus .K) Ao A21uaIn1salunisAInudens

WasuudaaSinas Taseuiedresandinszninennudu (AP) wieuseinnszily

ﬁﬁmw%ﬂmﬂﬁ’uﬁaﬁ'm%’wwaﬁﬂqmqgﬂmﬁf‘ﬁﬁﬂq@ieﬁﬁwﬁ:uﬁﬁué’mmaumi
Wasuuaa3nas (A V) detSuasiau (V) GUii1.5a)

(6P 2

—(A%) +§,U (1.3)

- 9a31a2uTIw09 (Poisson’s ratio, ) 7B AIBATIAIUTEHINMTHAAI U

g’/ [ ' A o A o = A
LLu’J@N‘U@\nﬁQGIE]ﬂ'l'iﬂﬂﬁﬁﬁmllﬂ?ﬂlﬂ@ﬂﬁi}gﬂﬂﬁﬂﬂﬁTﬂ

A
oc=——
2(1+ u)

(1.4)
o [ = B~ (=1 ] A1 Y 1 o o
'f)@i'laﬂu{hc]faﬂllﬂH’]JH'IJ'JﬂllﬂJiJWU'JEJLmS;’NﬂWu@EJﬂ'J'I 0.5 (1M IuV9IHKAN

1 1w 4 Y @ 1 { ] v J = S y =~

UAUNINUY 0.5 Lﬁflﬂﬂ'lﬂ M= 0) ﬂ'lf]\?ll'é)fﬂﬁa mmﬁmmuazuaﬂuaﬂaﬁ Iauuanniviue o

] I 2.9 v A 1 ~ ] v A A T W o & a

WU'JEJUJ‘L! N/m AU TUHUAIPNINAUY LD N@ﬂﬁﬁlﬂ@u Nﬂ“ﬂ'lﬂﬂiﬂﬂﬂigﬁlﬂm muusluwu

9y Y v ' A 1 1w = 1w J ~ '

ﬂ'lGh’T ,u=ia¢151’d3uﬂ3mm%ummmu 0.25 G]Nﬂ'liﬂi$l|'lﬂ!ﬂ'lﬂ\iﬂﬁ??]ﬁﬂﬂ’)1

] v J
ANVAUNUTII%09(Poisson’s relation)

(a)

(b) —_—

J
/

310 1.5 (2) dnvazmanlasumlanSnasdoRamsnlasunlannuay

(b) anvazman)asumlasgisruiiegnusuiouninggii (Kearey and Brooks, 1991)
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A A Aa 2 g A A " Ay v W A
ﬂaullﬁ'JﬁgwlﬂucﬂlﬂﬂSU'HHJ'LlﬂaUﬂﬂﬁqu‘ﬂ@]ﬂqa'lﬁﬂﬁ3ﬂa131Uﬂ1§LQUW1QIﬂﬂ

A o 9 <3 o A A A a A ]

aauih IiSnasdnguosdinanluusnaignnszunariesuniunamsulasuuawdan
[ 1 a ] . < 4 4 4 {1 4

navAugziayTae lilimsuasundaddiimuionduadounmiulduds aaulmazinou

. . A a dy [ a A
(Seismic waves) nnAVULLUTY 2 ¥UA A
4 -2 d 4 { 4 H 1 U
D AduluAINe1e (body  Wave) unduinaounriudi1dludnans
1 I a a A ~ @ Yy
aunsoutseanilu 2 yamuianemsnaounvesoynialudinais laun

A A X A A A < A Ao 9
AaUlguYN (primary Wave) H30AaUN (P-wave) iHluaaunilieyninves

=

AN UM TTULVVDA (compression) LAV (rarefaction) TunsnafeInuAuNIIAaDY

e

] A A < A A ay ¥ [ 1 I A A v K

FIuveInay (JUN1.6a) HFeaauilguglldainmsdunanudn Wuaduinawnsoiuinld
< A a A a i < A a A = A A 1 @ A
uJuﬂau%umﬁﬂmammmu"lm I@]EJﬂ’NlILi’JGUﬂﬂﬂau"b’uﬂui}gMﬂ1ﬂ\11/]L3JfJfJ§J,GluG]’JﬂE1N‘V]3J

9 [ [ 1
118187 (homogenous) Miiimsasuutlaslimuanudvesndy (non-dispersive)

a a

& a A A o a4
AAUNNYNY (secondary Wave) 30 AQAULDH (S-wave) YIDL58NDNDYININAAY

Q £

A = A A A A 4 Ao o a g &
IMOU (shear wave) Lﬂuﬂau%mﬁ]ﬂaumﬁﬁ]u%NTIN]’Jﬂ'ﬁNﬂHﬂWﬂﬂ?ﬂiH@’JﬂﬁNﬁ]%Jﬂ?iﬁu gIN
Y

NANIIVOIMITUILAIMINAVNANIIMIIAAOUNVOINAYN (JUN1.6b) AAUNABYNTINIITD

) I A A A < A a Aad o Y
Juuneamdy 2 WIn A AAUIRDULLIUBY (SH-component) “BQLﬂUﬂﬁunﬂﬂQNﬂWflﬁ

J a ) 4 a 3
@‘Lgﬂ”|ﬂﬂJ’e)Qmﬂmﬁmﬂmiﬁuﬂlmmaim Lgazﬂﬁuﬁauuuam (SV-component) mlﬂuﬂﬁu

D-

a [

a A Y Y a ) a A A a a g’/ 9 I
naspinvh ldoymavesdinaraunamsaulunuing Tnevevesnaunasginiulauaimilu

A o =

A Y I A A A A ] a é’ <3 A a dy = 3 A
ﬂauvmumﬂ”lﬂnJuGvuﬂ1/1ﬁ@amammu”lmmﬂmuiﬂﬂmmmsumﬂau%uﬂmzummgﬁaﬂm

a

Tusmnanwas lulimsndsumasmuanudsu@einuaaulsugl

QU

'
A Y

< g a o o @ ] '
ﬂ'J']llLﬁ'Jﬂau‘ﬂQﬁ@\ﬂ)’l‘lﬂblu@'Jﬂﬁ'Ni]$ﬁﬂ')'lllﬁuwu‘ﬁ’ﬂﬂﬂ'JTiJﬁu']LLuullagﬂT
E4

9
N@ﬂﬁﬁﬂ]@\i@]’)ﬂﬁ?\iuuﬂﬂﬁﬁ

K+-—
v i 3" (1.5)
=
o
v, = &£ (1.6)
Yo

=~

A A g A
¥V} Vp D AIULIINAUN

A g A
Vs 90 ANULIINAULDET
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P A9 ANURUIMUBBIRINAN
v @
K fio VaAuegad
= [ A
u A0 vegaaIReY

~ < Y A A ' A ~ ¥ ¥
AMNTUNITIN 6 %zmu"lﬂ?n ﬂaumau‘lu’mmﬁmﬂaaumiumuazmmﬁ"l@

a

4 1 @ H 1 2
Lﬁﬂ\‘lﬂ1ﬂﬂ11J’E]ﬂaﬁla’ﬂuGII’E]\ﬂ!'ll!ﬁ%@Wﬂ'lﬁﬁﬂWVﬂﬂUﬂu‘t’J

v 1 1

o ) 3 4 3 4
Tua2n8190882AUANNTIAAUDAILTAININAIIANNIGIVBIAA LN DU TR

)

v Jdou o

o U J < 4 @ < y @ @ U
@ﬁ51ﬁ3u5$‘1431\1ﬂ3111l53ﬂﬁulﬁ@uﬂllﬂ:nllﬁjm@Qﬂau@ﬂﬁﬂjwﬂﬁuwu‘ﬁ vons1dINT %09

(Poisson’s ratio, & ) (Telford at el,1990) A4EUNIT

V, Y7, 05-0
— = = 1.7)
\ A+2u l-o

Y
Taendns1aIuilIweq (Poisson’s ratio, o ) HA191A 0 D4 0.5 AINUBATIAIU

[ <3 A = o A v A A [ ) Y1 <3 A A
izmnmmwmaumauﬂuﬂauaﬂummﬂmqmmﬂu}{E m“lwmmwmmmamaumeu

s Y 1 = < A o
UAIAaLAn 0 IUDIsEWIU 70% YOIANITINAUDA
] A A ~ 2 "o [ ] '
anunau liazieuluiuyuegnuiletenaisedis 15y ANUNGY M3
A =2 [ ] 1 a I Y <3 a
weuilszau ANAN 81y ANNAN Yourad TureIINVRIHY 1TuAY ANUEIVBIHUAZNBY
1A @ ?,’ [ 1 [ <3 4 Bol 1
Nowddei fiaeglurie 15 - 6.5 km/s anudavesnauiilmihdianlszana 1.5 kmss
& g A A A Y aw a3 ' ' A1 6 A ya a
Tag lanuEaauiaziamdimesunuininly 509919 wazezliausnulndniau
A A o ¥ Y Aa P ' ! A Y
MIHeIzALILIAIEG TagruninuEInauAIlIzog 1UYI3 0.4 - 0.8 km/s HIDUNATY
Ao v 2 A
91IUANINI (M1319911.2)
A X a I A A A A ' a a A A 1
2) AAUNUAHT (Surface  Wave) 1WlupauindouNog UUHIAY HIDNIDEAD
1 @ a { o 1 @ ' I a a 4 !
FEUINAINAN 2 FHANLguauALANA 1Y Liteamiy 2 stianuianansiAdouive
@ Y 1
aymaludinais laun
A L= . I A A a a Y o A A
AAUITI (Rayleigh Wave) 1T UAAUNIAUNIUUAINTIY0I6INA (oAAY

Y @

A A ° I = A ~ ~
wasunr vz InoymavesdInarnyuIwduisuusznuluunlng (ini.ec) Tagh
a A A ~ AAa = ] <3 =® ~ = ?;'.;
HAUNAAVBIAAUNANINNFANHI LAz TAIANaI9E193IATINNANNEN (31N 1.7) BANT
< A Ao ~ A A 1 <3
anuFuavesaduldnvazlasuniasldanaiud Sondr nsnszateanuGudla

v o d 4 a a e o
(Dispersion) F9aNHULNI5NTTI10ANUT WS (Dispersion) ¥oIAAUAIAUHAINITDU NN
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(43

Iq Y A 9 o <3 A a a Ao dy 9 o
UszgnaldlunsdszuranamoaiauuudiaesnnuGinaunaogi Tuauiseasail ldi
A Ay a a dy Y a 4
AAUNUAIFUATI 1F U AATITH
A a I A A a ] Aa a A A A A
AauEaN (Love Wave) 1Juaauni@un1aegd uuaIan ilonaunan Uiy
v H ' Y
DUNAVIAINANILIMITUDGUUTEUV TUUNITIY (JUN1.6d) TAgNANIVDINTAUAININ

v oA a a 1

1 v 1 ] ' Y !
AUNANNMsIAdoUNYDINAY AG1BNUANULMTTUVBIOYNIANNATUIINAAUNASYT LA

a M 1 5 < 4 <
Llﬂﬂwa@jﬂﬂ]@ﬂﬂﬁﬁuaﬂﬁﬂﬁ]ﬂ%ﬁ?ﬂﬁ?ﬁﬁlﬂ’ﬂnﬁﬂ ﬂ’.ﬂllLi’JL‘V\I’ﬁﬂJ@Qﬂauﬁﬂﬁﬂizmﬂﬂiﬂﬂﬁj

A 1A o A o = ] 1 o A A Al
ATUANTUDLBULIAYINUADAULITYA !,Lflgllﬂ?WllLﬁ3&7]1ﬂUﬂﬁutﬁﬂu‘V]'Niu!Lu’Jinl (SH-component)

a ' < A A A A o A A
M1319N 1.2 ﬂ']ﬂ'J'”JLﬁ'JGUENﬂauqﬁjﬁglﬂﬂucﬁuﬂﬂau@ﬂ (P-wave) LAz UIRBDU(S-wave)

(au)a391n e ansny, 2544)

Yaq AN Inausa( m/s ) AN InaMRe( m/s )
autlunsie 250-600 120-300
N80 UnTIAT) 400-1,500 160-600
niedunsiaien) 500-1,800 200-700
AU tied(a) 700-1,200 300-600
aumtlenten) 1,200-1,800 400-600
NI0(LT) 200-1,800 100-800
nse(en) 800-1,800 300-750
¥ 1,400-1,600 -
Yhngia 1,460-1,530 -
21l 330-350 -
AUNTY 1,400-4,200 700-2,200
HuauaIU 1,800-2,800 800-1,600
ufu 3,000-4,800 1,800-2,800
Aunae 4,200-5,000 2,100-2,800
HuunIUA 4,500-5,500 2,500-3,300




—— Compressions
(a) P-wave v l
S = TR FF T TTITIIE 77
————— S = L IIJI l, - va war rer 2 v -
Z—=7= 71— ¢ +77 v 7
L Dilatations ——f
raes A
e ,/
(b) S-wave
V
Double amplitude
Wavelength —
Z
(c) Love wave
R, TR, [T =z
772 W e o e W e s e
o s 2 FFFF o s o i i o
y s 7 F7 e e e e
[ i o o
B ]
n n/
JLTTTT LUELETEEL G 1 0 e 8 '
e e ——————————————iil
SN -
() Rayleigh wave i
Iz v
v o s v o a ~ -
e o o o o o
117 v
== e //
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A 4 A - 4 4 & e & A
gﬂm.«s NIAADUNVDIDUNAUATNANNNITAADUNVDINAY (a) AAUN (b) AAULDT (c) AU

@il (d) AAUISOA (Kearey and Brooks, 1991)

Direction of wave propagation

Up 1 Away from

Down* source

o

Y

A70AN ( Sheriff and Geldart, 1995)

Y

d' a A A a A oI .
i‘lJ‘VI 1.7 NANNMIAADUNUALNITAADIVIILDUNAYAUDINAULTYA (Rayleigh Wave) AN
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. [ o J 1 < 4 a a
Richart el al. (1970) Ulﬁ’uﬁmmmﬁuwu‘ﬁﬁzmwmwmiwmﬂﬁunmgmmz

A N R A o A " o
AAULIYA G]f\uﬂuﬂ']\jcluﬂjﬂa']\jﬂﬂﬁqu AL AN

6 4 2
Ve | _gVe| [24-161729 | Ve | 161220 _4]_¢ (1.8)
V, V, 2-20 )\ V, 2-20

& A 3 A o Ao ' .
1e Vg, 1D AN131903A01580a tag o AD A19AI1aIUTI984 (Poisson’s

. X A v o Jdo J < A A A @ @ ~ o 1
ratio) SKNUANUTUNUDTNUAIAIIUIIAAURDULALAAUDIA ANTUNITIN 1.7 Tﬂﬂ“l/l’lhlﬂﬂVU'ﬂ\i
o U ] 1 ) [ A J I R o [ A 3
ammauﬂa%m%agﬁzﬁaw 0 @IS UAINA NI UVBILTY DY 0.5 d1MSUAINANT U

v ¥ J ] A I A 1 A A A
VBIUHAI AIHUAINNITIVOIAAULTIR T UAIYTSHID 0.87 - 0.96 IN1VDIAAUIADU 11D

oasauilwelinteglurie 0 99 0.5 AagUa 1.8

085

Rayleigh Wave Velocity / S-wave Velocity

Poisson’s Ratio

a v o ' @ U A J A A 1Y @ '
5‘].]1’] 1.8 ﬂfﬂV\IL!ﬁﬂQﬂ')1MﬁﬂWHﬁi$W31Qﬂ@i1ﬁ3UﬂaUﬁ‘(’Jllagﬂaulﬂ@u ny ﬂ@li1ﬁ3uﬁ'§‘ﬂf@\1

'

(Dulaijan, 2008)

[ < A\l
ﬂ'J"IﬂJ!S’JW\Iﬁ!!ﬁZﬂ’NNﬁ'JﬂQN

aq Ya A o~ a 1 W R~ A
anyﬂwmauamaﬂ C 1ag D H3UUDUNaaNINY A G]Nllﬂ’ﬂllmﬂu w,

£ U

a a4 A A Ay < ' A
Inas w, muma"lﬂmmmaim Tasfinau C naounaeANE AN NN c tagnaubD

A Ay [~ - A A 2 A ~ o [ A Y
INADUNAIYAITNLINUNINY C, LUBAAUNITDUAADUNNITINNY (ﬂ\‘igﬂ‘ﬂlﬁ) UNUNIY

o @ J

aanwal U sziiou @iy
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U = Acos(xx — eyt )+ Acos(i,x — ant) (1.9)

o, w, 4 a A o % A qy an
c,=— uaz c,=—2 lagh kAo mynau saiuieldguauia
Ky K

A
5V}

63 Inauliaenunsadsagduuuvesaums vl Idid

U= 2ACOS|:(A2KJ —(A—;)Jt}cos(xox—wot) (1.10)

1o Aw=w —w, s Ax=kK —kK,

@, = (@ +,) war K, = (1 ;Kz)

A+B

a o A A Aa A1 o g 9 .
31]7] 1.9 MIFTIWAUVDIAAUTOIAAUNUANUDA NN ULANUDY (Stein,2002)

Group Phase

Envelope Carrier

X >

3‘1.] 1 1.10 @yuveuduay ﬂﬁll"ll’é]xiﬂﬁl! Lll@ U ﬂf] ﬂ’NlIlj’Jﬂﬂll c ‘ﬂ’E] ﬂ’NiJL'i’ZILWﬂ (Stein, 2002)
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3 a A Y A Y [ o Y
“I’ﬂﬂﬂ')']iJLﬁ')W‘Iﬁl,lﬁgﬂ'ﬂiJﬂGU’fNﬂﬁLWIQﬁ@ﬁﬂﬂ?ﬁlﬂﬁlﬂﬂ\iﬂu 5081/1111/? Ao g

=

9 A A o v 2 91 A A o
Ak Tadesnnilofiouty o, uaz x, Fanzldhaausuiidnsuzanuigegaely
' 4 ] Y 3
nquaa sxfinnud ulaiiy o, = m, /x, wazanuEvesnguadu wdanuiingu
N U = A/ Ax (8931911.10) Woanuduananudosuinezlain U =de/dx uaz
] v { L. . '
anuiwlaveuaaznud  (Individual Fourier Component) 0 c(w)=w/ x(w) M3
< A 2 o 9 9x o < a X X
anuswlanasunladlawanud ildldnvazvesmanszneanuiawlanadu

v W J < < 1 @ {
ﬂ'J'lllf"fllW‘L!‘]?{531’T:ﬂ\1ﬂ”ﬂiJLﬁfJW\lﬁlmzﬂ”ﬂiJﬁfJﬂQN ﬂ\?f’fllfﬂi‘ﬁ 2.1

UxCc+o— (1.11)
do

v g ' { {3 '
fanusudalulinisasunilasldaruanud Wuae Tulinisnszaie
3 . . o Y 3 J 1 o < 1 19 5
AN AN e (dispersion) miwmmwmﬂﬁﬁmmm‘ummgmﬂqu (U=c¢) uao1n NN ulad
A A a 3 & 3 A
mslasuuad ldamanud azinansmsnsgneanuis e FaanuEuavenauz

AAAININAIIND (Sheriff and Geldart, 1995)

U < d‘ a A
guiamsnszaeaNus ulavesnaunIAu

[

1 { a a ]
aﬂymzmuﬂlmﬂﬁumﬂu ?d'l'l’] NITNITLUAINLTI (Velocity dispersion) Tﬂﬂ

. 2

< i A a a 3 4 A 3 . mdy 4 %
ANNIGIVOINAUAIAUITNLAUDIATUNAIVDIAAUALTY Fegaantiatazinaduiiodanas

)}

A o 1 a3 X o @ . 19 o A o < A a Y
naﬂymz"lmﬂumm@ﬂ’mu (Heterogenous Medium) uanananlanvuziuiiemeinu

Re

(Homogenous Medium) N15NTY i]wfmmnmlammﬂaumﬂuﬂi}‘”‘lummu (Tﬂ“l/]l 11a) 910

a A

ﬂ 1.11b UHANANHULUBINITNTS iﬂEJﬂ'NiJlj’JL’V‘Iﬁ"ll’ENﬂﬁuWHN’JﬂiﬂﬂL!U’Uiﬂﬁﬂﬁﬂfu@uﬂN

a a

< < 1 o
awBnaudeouwiu Bluaz B2 lavdt B2> B1ilenduiduiiianueadumaiu 4,,
44 4 4 da 4 : .
2,182 A, waeuiiiiulagh A, <4,<A, Aauniinnue1nauunniieg lauaanounasay
1 A Aa A :: A U g’l o Y a g}/ a YR v o YA
wnnnaaunianuemaauauieasgruau sildiaunieasldluguauldannan hldi

] A U
AITULIIAAUUINNIN
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N 7 " M R Ry
a ] A a a @ @ A o < &L
31]7] 1.11 m'iﬂﬁzmﬂmm!,ﬁm/\lﬁﬁumﬂaumﬂuﬂlumﬂaN (a) aananlanyuziuile

= o o A o RS j’ = (% . .
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MSWNAY (Inversion)
A a o <3 4 3 [
FUNNENYALDULUUTIaIANNETAAUROY (Initial model) YUNINDU L1F2
o 3 3 { ° {
uilasnau lddlunsmsnszaeanuiEa neuneuninldnnmsdinanaznsnld
° A1 Ay YA ' o A ' 9 ) o 9 9
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o < X A Y v 9 2 Y .
HUUTIae9nNUEUIN Y Naeandesnudeyaninyu TaglenssuIuns Weighted Least-
) B . ..
square A1875 Levenberg-Marquardt (L-M method) a5 singular-value decomposition (SVD)
. o ¥ 1 ' ' Ay ] =2 3 A
(Xia et al. , 1999) M419UA1T RMSE 2¢145290A03015 §3nu1809n31n13n32918A10159%0
9 ) o 9 < A A =\ Y ]
Tanmsdisne uaz nsmlainmamuadlisanuEinauwnoun ianulndifeenuauinme
v & s £ ° 2 A A 9
NIEVIUMIHIRUNIZIAT dauuazuaaIna TugdveanuudasnuGEIAawRUgATE (31
1 1.19)
o o Y a & o A s A 2 A
AMUUALVVIIA0ITUAY (m) BIUTLNOUAIGNITININDT AB ANVITIAAY
<3 4 [l %’, A Aa 4
Mou (V,) ANNEINaUN (V,) AU () ANUMUIVEIFUAY (h) TABN1T1HIAD3

Z 4 ¥ o < 4 & a Yy & Yo
NINVAMNIVOINUNITNTED1IANNG AN TUDIAAUNUA? L!ﬁ%ﬁ'iNLﬂuﬁMﬂ'l'iul,ﬂﬂﬁllﬁ'ﬂﬁ

F(fJ,CRJ,\/S,vapah)zo (j=1’2’3’m) (119)
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=
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Tagh f Ao Anwdlumiie Hz oy fle Az uavesnausdaluudaz
a = a JAAa A 1 ] Y a A = 1
A1Nd f, Famsiiesniansnaden1snszneanuiz ulavessuAuNIniigane A1

g A A . o & ) ¢ g A A Y
AINLIINAUIRDU (Vs ) (Xia et al. , 1999) muummmﬁﬁNnﬂmmmmmmgﬁaﬂaum@u%

I @
Wuaumsaauang
.
X =(Vy,VephnVy,) (1.20)

S o o o < .
%'lﬂl!l!ﬂ'lﬂ'liﬂ'll!')ﬂ!llﬁ%ﬁ%l'l\‘]ﬁ\i%'uﬂGU’f]\iﬂi'W\lﬂi$%'lflﬂ'J'lllli'J (Forward Modelmg) 1N

o A oA A oy A vd ) ¢ 3 4
llf]J‘U’i]'la'ﬁ']Qﬂﬁulﬂ@uﬂﬁi’lﬂmuiﬂqﬂlﬂu CR (Xo) Llagﬁ'ﬁ'l\inﬂmf]i"l]ﬂ\?ﬂi11/\|ﬂi$%1€lﬂ'3']llli')‘ﬂ

[ k) a3 9 Y
’m"lmnﬂmimwuayla LNUAIY
Y =[V.Y,.Y,,.Y, | (1.21)

Y
1N U319 Jacobian Matrix U9IUULTIADUUIA mx n (m>n) |47
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oF /oV .
A: - s :1,2,3...,m .
oF/acg|,_, ( ) (122

o 1 J g Ay v 9
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=m, +Am, (1.24)

4 E4 1 1
Lﬁ@ i ﬁ@ UHIUTBUVDINITATHIUNIYIIUAT Root Mean Square Error 1
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vy Y [
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Y
v A é

wa o o & 1 a 1T A
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a a [ I~ 4 g}l dy 4 4 a
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. . AAdg g‘ll a 1 ) [ A o A
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Amplification factor

0 5 10 15 20
Frequency (Hz)

a v 9 Y a = A < A A v Y
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1.2.5.4 MIIANIUANHULMIFIAUING
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Lithologic Description

Depth{m)
Lithology

g Velocity(m/s)g
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brownish yellow silty high plastic
limonitic compacted

— 10

brown to orange brown sandy
lateritic plastic compacted

— 15

yellowish brown to orange brown
consisted of 70% coarse to very

— sand coarse grained SAND subangular
— T moderately sorted and 30% limonitic
CLAY partially compacted clayey
yellowish brown size ranged from
coarse grained SAND to 10 mm.

Subangular very poorly sorted
composed of quartz guartzite and
chert incompacted

brownish grey to light grey size
ranged from 5 mm - 15 mm.
Subrounded moderately sorted
composed of quartz and chert
incompacted
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brownish yellow mottied with white clay
indurated well compacted plastic limonitic
in places

reddish brown mottled with white and
brownish yellow clay indurated well
compacted plastic limonitic

pale brownish red silty sandy gravelly
mottled with white clay loosely compacted
non-plastic

brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places

brownish yellow mottled with white clay
silty indurated well compacted with some
sand grains and gravels; limonitic and
lateritic in place

brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places
brownish yellow mottied with white clay
silty indurated well compacted with some
sand grains and gravels; limonitic and
|ateritic in place
brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places
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Depth{m)

Description

Velocity(m/s)
(=1

1000

(=}

20

25

30

35

40

45

50

55

60

brownish yellow mottled with white clay
indurated well compacted plastic limonitic
in places

reddish brown mottled with white and
brownish yellow clay indurated well
compacted plastic limonitic

pale brownish red silty sandy gravelly

mottled with white clay loosely compacted

non-plastic

brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places

brownish yellow mottled with white clay
silty indurated well compacted with some
sand grains and gravels; limonitic and
lateritic in place

sand and gravel \

brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places

brownish yellow mottled with white clay
silty indurated well compacted with some
sand grains and gravels; limonitic and
lateritic in place

brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places

sand

dark yellowish oranged to light brown
shaly kaolinite limonitic loose slightly
plastic; with some quartz pebble

light brown sandy partially oxidized loose
non-plastic

sand and gravel

dark yellowish oranged to light brown
medium to very coarse angular to
subrounded poorly sorted composed of
uartz of various colors with some limonite

sand and gravel

light brown size ranged from 2-3 mm.
angular to subrounded poorly sorted
composed of quartz of various colors with
limonite

brownish red to brownish yellow sizes
ranged from medium sand up to pebble
composed mostly of quartz grains with
some fragments of feldspar chert clayey
in places

reddish brown size ranged up to 6 mm,
angular to subrounded poorly sorted
composed of quartz of various colors with
some clay

grayish orange size ranged up to 8 mm
subangular to well rounded fairly well
sorted composed of quartz of various

colors with black chert fragments
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J J0007: SHEAR WAVE VELOCITY CHARACTERISTICS OF GEOLOGICAL
UNITS IN HATYAI CITY, SONGKHLA PROVINCE

Chedtapom Sujitapan. ! Sawasdes ‘_1'01dLay111u11 2o

Departmenr of Physics. Faculty of Science. Prince of Songkla University. Songkhla 90112,
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Abstract: In seismic hazard assessment, shear wave velocity (Vs) of the soil layer play an
important role in evaluating the amplification behavior of the site during an earthquake. To
classify the sites for earthquake resistant design of structures, the average shear wave veloeity
over 30 m depth of the soil (Vsgag) 1s commonly used. In this study, the Vsgg) values were
caleulated by using the Vs derived from multichannel analysis of surface wave (MASW). The
MASW data were acquired at 23 preselected sites in Hatyai city. southern Thailand to create a
soil classification map based on the NEHRP (National Earthquake Hazards Reduction
Program) standard. It is found that the NEHRP site classification map and the geologic map
of Hatyai city are in good agreement. Sites near the U-Tha Pao channel which are
characterized by alluvial plain located west of Hatyai city have the Vsgg) ranging from 254 to
357 m/s, corresponding to NEHRP <oil class D. Sites in eastern Hatyai city are characterized
by colluviums and valley filled soils. and have Vsgsgy values ranging from 373 to 544 m/s,
corresponding to NEHRP soil class C. Although the western Hatyai city is subjected to larger
ground motion amplification. the deeper sediment. the bedrock interface and dynamic site
period information would improve the reliability of the ground motion assessment.
Introduction: A major influence on ground shaking due to an earthquake is the elastic
properties of geological materials beneath a site. Unconsolidated materials can significantly
amplify earthquake ground motions, affecting the stability of structures far from the epicenter
of the earthquake. Studies of ground-motion properties elsewhere indicate that when seismic
waves Tmnsm.ﬂ"rmg through the soils. the amplitude. frequency content. and waveform can be
modified.! Generally. shear wave wveloeity (Vs) depends on ]thxswal properties of the
materials, including fabrie, aging, and cementation of the soil.” In this regard, the Vs is
important parameter in site response analyses. For example, estimation of the site dependent
seismic amplification factor and earthquake hazard mapping. Moreover, the weighted average
shear-wave veloeity till 30 m depth (Vsggy) has been used for the soil classification system
adopted by NEHRP (National Earthquake Hazards Reduction Program) for building-code
provisions.* Several geophysical and geotechnical methods have been available for
determining the Vs, In this study. we used the multichannel analysis of surface wave
(MASW) method that was recently developed to determine the Vs of soils beneath Hatyai
city.

The study area. Hatyai city is located in southern Thailand (Figure 1). The city has
rapidly developed as well as experienced growth in the tourism industry. High-rise buildings
such as condominium. department store, and hotel are built. It is situated in the Hatyai basin
where can have a major impact on ground shaking. Although the city 1s in the low seismicity
area, people living in the high-rise building had been experienced the ground vibration due to
earthquake events from Andaman-Sumatra region. Therefore, the objective of this study was
to use the Vs derived from the MASW data to generate the NEHRP site classification map of
Hatyai city area. The results will help the city to assess its earthquake shaking vulnerability
and mitigation.
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Figure 1. Location of Hatyai city. Southern Thailand

Geologically. Haiyai city is situated on the flood plain of the area between the two
north-south trending mountains, Khohong and Wang Pha mountain. The flood plain is
covered by Quaternary deposit, consisting of shale. mudstone and sandstone. Quaternary
deposit of the city is alluvial and marine deposit which extends to depth of 230 meters from
ground surface. The deposits found in the study area can be divided into 2 units as shown in
Figure 2. The alluvial (Qa) unit is located mainly west part of the area. It is flood plain of U-
Tha Pao channel with ranging from 0.5 km to 3 km. The colluvium (Qc) unit is found at the
cast part of the area. This unit consists of mostly gravel sand and can be found at the foot hill
of the area.
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Figure 2. The geological map of the study area and the MASW test sites (black dots)
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Methodology: The details of the MASW method have been given by Park et al.> This seismic
method generates a Vs profile by analyzing the dispersion characteristics of Rayleigh surface
wave on multi-channel record. Generally, the Rayleigh surface wave has been viewed as
noise in conventional seismic surveys. It propagates along or near the ground surface and are
typically characterized by a low velocity. low frequency and high amplitude.jThe acquisition
of the 1-D MASW data is shown in Figure 3. Series of vertical-component geophones. placed
at dx intervals, are centered on the survey line. When an impact sources. placing atX, is
activated seismic waves are generated. The signal will be detected by the geophones and sent

to seismograph for recording and display.
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Figure 3. MASW data acquisition field setup’

In this study. the MASW data were collected at 23 sites throughout the study area
(Figure 2). The data were recorded with 24-channel Geometric SmartSeis seismic recorder.
Twenty-four vertical component geophones were used and placed with spacing of 2 m. The
10-Ibs sledge hammer was used as a source and was placed at 25 m away from the first
geophone. The data were processed using the Kansas Geological Survey software package
SURFSEIS. The processing steps of MASW data are shown in Figure 4. Each shot record
was transformed from the time domain into the frequency domain using Fourier Transform
technique to generate site-specific dispersion curves (phase velocity versus frequency) for
each site. The dispersion curves were then transformed into vertical 1-D shear-wave velocity
profiles through an inversion method.

(a) (®) (©
Figure 4. MASW data processing steps (a) acquiring multichannel field records in time domain.
(b) transformed from the time domain into the frequency domain and generating site-specific
dispersion curves, and (c) creating the shear wave velocity profile by inversion method
For the purpose of site classification. according to NEHRP standard (Tablel). the
measured Vs of the subsurface over a depth of 30 m are required. The average shear-wave
velocity of upper 30 m (Vs@ap)) is calculated by the following expression:
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30
Vs gy = (1)
T

Where d,and ¥, denote the thickness (in meters) and Vs of the i* formation or layer.

in a total of n layers existing upper 30 m depth.
Table 1. Soil profile of NEHRP site classes in terms of Vsag'

Site class General description Avelrag Falicas e
velocity to 30 m (m/s)

A Hard rock Vsao) > 1.500
B Rock 760 < Vspp<1.500
(& Very dese soil and soft rock 360 < Vspy<760
D Stiff soil 180 < Vsppn<360
E Soil or any profile with more than 3 m of soft clay Vsap<180
F Soils requiring site-specific evaluations

Results, Discussion and Conclusion: Based on Vs profiles from 23 MASW test sites. the
Vo) of each site was calculated by using equation 1. It is found that the colluviums unit (Qc)
has the highest mean Vsggy of about 438 m/s and can be classified as soil class C from
NEHRP standard (Table 2). This unit is found near the foot hills in the study area. The
alluvium and flood plain on channel unit (Qa) have the mean Vs of about 287 m/s and can
be classified as soil class D. The Vs, distribution map of the study area is generated and
shown in Figure 5. The map shows the general trend of increasing Vs values from western
to eastern part of the city. The high Vsq) observed in the eastern part of the city is likely due
to the soil in this area consists of coarse-grained sediments of colluvium unit near the foot
hills and the thickness of sediments in this area may be shallow. Whereas the flood plain and
alluvium unit observed in the western part is mostly fine-grain sediments of U-Tha Pao
channel and generally characterized by low Vsg3p) values.
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Figure 5. Vsgg) distribution map of the study area
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Table 2. NEHRP site classification of soil units for Hatyai city

101

Soil units Mean Vsggy (m/s) NEHRP site class
Qa (Alluvium and flood plain) 287 D
Qc (Colluvium) 438 &

To create the HEHRP site classification map of Hatyai city, the Vs distribution map
is adopted based on NEHRP standard as shown in Table 1. There are only two classes in the
study area which are site class C and D as shown in Figure 6. The test sites on the alluvium
units correspond to soil class D. The test sites on the colluviums and valley plain units are
mostly class C. From NEHRP recommendation. the soils with the lower Vsgg). or soft soils,
will experience more earthquake ground motion than bedrocks due to the wave-amplifying
properties of the soil. This means the western part of Hatyai city tend to experience soil
amplification from earthquake ground motion. Therefore. construction of high-rise structures
should be avoided in this area.

Although the NEHRP site classification map provides the preliminary information on
the soil conditions and can be used for city planning and seismic hazard study. the map still
has some limitations. The MASW test sites could not distributed uniformly throughout the
study area. because the difficulty of acquiring data in the highly population area. Therefore. a
detailed site response analysis is still necessary
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Figure 6. The NEHRP site classification map of Hatyai city
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