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Abstract

Nowadays, the shear-wave velocity (Vs) of shallow subsurface can be determined by
several techniques such as measured by downhole, microtremors or analysis of multi-channel
surface waves (MASW). The downhole method is relatively accurate but it has many difficult steps
and also time consuming. Therefore, this research is to study how to determine the Vs by a new
method called Passive Remote MASW. The study area is a Chulalongkorn University field. The
receiver pattern used in the study includes a circle, triangle and cross arrays. This method uses
traffic or cultural noise as a source.

The Vs derived from this method were compared with Vs from the downhole seismic,
microtremor and active MASW methods. The criteria used in comparison consist of NEHRP soil
classification and the average relative difference. The NEHRP soil class of passive remote MASW,
active MASW, downhole and microtremor was all fell in soil type E. The average relative difference
of Vs profiles from passive remote MASW method was less than 1 percent when compared with the
active MASW and less than 6 percent with downhole seismic, as well as less than 3 percent with
microtremor. The result of comparison had shown that the passive remote MASW method was
reliable. Therefore, the passive remote MASW can be used to estimate the Vs profile of Bangkok a

soil which saving time and cost.
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Depth (m) Strata
Oto 14 Bangkok soft clay, dark grey highly compressible soft clay with 2m
weathered zone forming a hard crust.
14 to 25 First stiff clay, light grey and brown fissure stiff clay.
25 to 40 First sand layer, dense alluvial non-uniform sand, occasionally
interbeded with stiff clay
40 to 44 Second stiff clay, light grey and brown stiff often fissures silty clay.
44 to >70 Second sand layer, clean light grey silty sand.
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Love wave Lﬂumaummumm@mimmmm Lma@ummﬂﬂnu%umuummmﬂ‘lu@m:rmz

1 2

1N side-to-side (3117 6)

3171 6 ARWAY (Abt, 2007)
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¥

Rayleigh wave (ground roll) AauiAaaunawlliuiafu aynanaeundowiluadsady

1
=

uas lunaunnauliiaanudamags (gUa 7)

917 7 AdwLsEA (Abt, 2007)

|
v A

Tneialulunsdrsandulmazinaudiulug)dnldaanlusanans (Body wave) 9diaaud

v
o

49 ANNENIAAUAN ANNNTDRUNNRIWAINANARTUALYTETUALEN IaRANTWIANENRLE
G A o s = Y ' <
1RIANNITIAAUEA (Vp) UazANNTIAAWReY (Vs) nudnlmnnduiusiluansdiuiuuigesd

(Poisson ratio) waztililgAnAnaniifAnueEavieu (Elastic properties) 81 Nd1Aty

o

Young'’s modulus, Bulk modulus, Shear modulus @4@auiiluandnsryuaz iuetnaninauanging

o

2 1
o o o

LRNIZUNNAIUIAINTINETU AslAUANLIRANE AU (Elastic properties) TaiilupnsaiR

o v

o o = ' = A o 2 o o A -
AN QWﬂﬂuQmimﬂﬁﬂﬂﬂiﬂﬂHﬁﬂﬂM’mLﬁ‘ﬂ@%@ﬂl&[ﬂ’)ﬂ@%‘]%i&ﬂLﬂumawaﬂﬂim‘wmﬂ?ﬂﬂﬂju

AENNIN

a

N T 4 - - N E a a 4
AMUAAUNUNI (Surface wave) TINAIHENIARUNIN ANHAAT LARDUNIALLITIITUNIAL T4

UnAnszindaflupausunouiazuatiedyynnaaspaulusianans (Body wave) il unaseu

o

o ya A o = PR o o p
LL@3@fyfyqu°ﬂ‘ﬂﬂ°l|ﬂ3;|]@@qﬂ1mﬁuﬂﬂLﬂuﬂﬂ@??ﬂﬂuﬂiunq?ﬂgﬂ FNU ﬂﬂQﬂq?@q?Q@ﬂ@uvLﬁQ@szﬂu

TaqiuidsnisldsrTumianaduiufionndnsziinenaauEanauaey (Vs) Bendn MASW

(Multichannel analysis of surface wave) T9azutieaniiiy 2 38 tAun



o

1. Active MASW A8N1941999 AALNLEA (Surface wave) Ea3LATIZi AN AR DY

=b_

(Vs) IneifiaalsinniinAau (319 8)

u

1 £ 1 1
2. Passive MASW A8N194139amaUNLRa (Surface wave) WBRLATIZ N ANIEIARLLA DY
(vs) Insainiinmaunldazunanniisansene Wi 50 Asesdns ilusiu Iazuiidesaanidy

Passive Remote LAz Passive Roadside (g‘ﬂ‘ﬁ 9)

funeauIaINITAIIALLL MASW Tnefisi active uas passive MASW asddupaumilonti Ae
1.naivdeyalunipauin (Data Acquisition)

2.n3tlszananadiaya (Dispersion Analysis)

3.N72UIUN1INITANUILE B UNAL (Velocity Inversion)

nsiiudagauyuy Passive Remote MASW

[

& Al o o © v A A a o P
U ULL?ﬂﬂQ?L@@ﬂ@OWuVIWLVN"I%@N@’]M?Uﬂ']?LﬂU?J@H@ﬂ@ HUTLIDUNIWELASHNNTATIAG

1 4‘ 9 =R v A a o ngl v o ! @ Y 09;
NUILUU GINNﬂﬂ‘i:f"l]lﬂL@@ﬂU?L’Jm@u’m?ﬂUMM’]W?%U?Ngﬂ’&@Q?‘Hﬂ’]@ AUNITINULBHAUUIZIN

U

o o aa dl % tﬂl P dl o o GQ/I
Fofudtyryniuuy 2 Afmedudtyyiueaulmazineu deguuiuaeanisesaiudynyiuiuag

dluuuuanunmasliun 29naw (circle), NMNLAT (cross), AWALN (square), ANWALN (triangular)

b4

= =2 ' o o o o Yy tﬂldzzll
ANTARIANTIITNITIAINNAITU a;npmmﬂmimmmmmmm

a 9

e3¢

AT WU (random) (17 10)
Wath lihiBeannaufing Active MASW Lag Downhole seismic

n1siszndanatays Passive Remote MASW

1Y
% a o

dl o o/ o Y v 4 dl %
\NadnanedFudtyyrumuguuunAliuia deyalunipauinildeanunluglassnsam

o o

o 3 ] % :// ° v dl % A I 2
ANLIRTINUATVLUUNUBDNAVITUREL EUTEL mﬂuuuwmg@mﬂmﬂ@muﬂmmhiﬂmmuLLﬂmﬂﬂu

o

\flunsawnisnszang (Dispersion curve) 184N194ANNAAFUATY U UM AZ WL (3107 11)
dl b % o/ Y v ° v Q‘I % 1 I < dl A o
Walinaunisnszanadaudafiasindeyanlsliulasaiiunsaonudieduaauiumnong
= = 4 vy @ A | o o P °
an(zun 12) Waldinsmmnuiiorauiaeuaesusiargluuunismneda fudtyniuniudoaiunsatin

¥

fayan fnnFauinauiuaianudAduReunlAanas Active MASW waz Downhole seismic



3171 8 Active MASW azfiasilfianiniinnauLty sledge hammer

(http://www.masw.com)

10

'
=

7un

9 Passive Remote MASW %Wﬂﬁu@’m@mﬁmmmUj @114 Passive Roadside MASW

Mpauannsauazsaniinraulnemsedi Sledge hammers (Park et al, 2008)




..... ®
[ ] ® e 0
® ° “Je e
.I ° [ ] [ ]
° dx ° .o o.
i o ° °
) ®
®oe® eecooccoo
€ D > < D >
circular triangular
.
.
dx ° EFENNEN
] ® ]
> . e dx [ ]
oooooo:oooooo ° °
. L «— @
L oo o0 e
.
° «— D —>
.
€ D > square
Cross

v

random

9171 10 N3 FUATY 0T8T passive remote MASW
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S-Wave Velocity (m/sec)

0] 500 1000 1500 2000 2500

0 I T T T T 1
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70
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100 -

7171 12 navluansdiayananuiorauReneuAUAMNEN (http:/Awww.masw.com)
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2.2 WeNNANN

Passive MASW (Passive multichannel analysis of surface wave): 38n153LA312H AR

v

& a \ o o A qgenvy @ A A
WU (surface wave) AMNUATANTLU ﬁynyMLW@sluiﬂmﬂH@ﬂquL?QF’]@LLV@@H (shear-wave

a

velocity; Vs) Tngldsanfindty oy aianuaeduaziiausadn1sasias NIMNaUaa9ATadans uas

a dl dl v 4”
ﬂ’ﬂﬂﬁ‘ﬁ‘ﬂdﬂujﬂﬂiﬁlﬂﬂﬁﬁ"mmu

I o A

A4 & a a A Ao o p Ay : o
Surface wave: AAUNUNT AR AAUNHNAITNIAT HNANIUNIN LARRUNTINAN @uIHWQﬂ@qQ

%

(Body wave) Tngitinfiudanisafluadausunau (noise) wazuntisdyminuaasaausanais udailu

2 Uszinnae Rayleigh wave (ground roll) Lla¥ Love wave

|
= o <1

Shear (S) wave: AdLRBUITAAWY AUNAALTWARLIWAINAS (body wave) Uszinnuily

v A
o v a

< o 4 4 4 4 & I I R

TIDALFAINAN IUNITARRLN LANITLARAUNIDIAUNIAUUAELAIRINNLNANINUTAIAAUY AAULDDU
a4 dy A -

Lﬂ@ﬂuwmmﬁmuﬂgmqu (P wave)

Downhole seismic: N196139349AANNI3IAAIREY (Vs) TBILUIRIANNATTNANTBINGNIAY

2 1
o o

Tnamelausaiudtyn sl uguianzaausnsumnuanuasisanniinaauagnnuie (319 13)

2
A

Tnavialilsinaunmliindauaaounluuuwibs (guannsenuden 0 aeen) witinlunisnsadnszAumu

Yy = A4 vy & A a g = . s
@ZMEQW@’]?M’]HNMHﬂ?ZVIULW?'W:?V*]@‘LAPL%\I»L@Lﬂ@’ﬂuVIELuLL‘LA’WNLLZ\]’) AMNNITANINUINAATHLTIANL

a

129U (Vs) HANANIUAINAINANTBITUAY (AT LATITAUANA, 2549)

() o
Source
Well
]
N4
Shear wave
Receiver I

717 13 n19Lfivdiasa Downhole seismic

a
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2.3 uARENLNLITR9
Park et al., 2004 An®141 passive MASW lfinaasinglsifiaiie Ly active MASW Tagi@nn

o

UFaUINNALUaa189 University of Kansas 14625U&tyaynnd 48 fa91941U cross-layout

o o o o

LT NUDIFITUATY YU 5 WA ANDTessFUATYYI 4.5 1B9ed nanamagauagilan

aananneAndadLlFEn Tz 90 ns Gaandinisdnsaaut Active MASW ey
WG

Arai et al., 2002 ﬁﬂm%uﬁugm (Bed rock) mm*ﬁ'muzﬁulﬁqwazm (Chao Phraya Plain)
Tneil#3an1ednauLi Microtremors Svdianiaifuiieyauaznalszananapdneaieiuia
passive remote MASW ﬁ”uﬁﬁﬂmﬂﬁmm@mwﬁqmzmmgﬂmﬁmm@ AN TUNMNINENAE
tayananuangedn 800 was (gLl 14)

Ashford et al., 1999 AN ANANASIAALRELTBTUALNTWMNaEAE Downhole
seismic {uANInHaszdeginasnsaiuuinenaauay University of California, San Diego

7

(UCSD) WunAnm liun anaensaiunanends wazaniiimalulaguiuansagsuss (SIT) tae

nslanzuguuaziifiudnnamdeuas i unguiensuacanine Fudtyy i auRa Ay
Tnamsaliiaauan 60 wes (317 15)
Luangthavornkul, 2007 Anefeniusaulsnmunzandiniuniafiuieyspauionuive

NN341993ULL MASW A ufudumuaadngamn iwasansoulsimunzandnnudAydniunis

v
A a K ] ' @ o

Lﬁu%’@gamﬁuwummmmam@ﬁﬂwmxmmﬂmea‘mmw (dispersion curve) T4HaRNE1R9 N3

A13N3¥ane (dispersion curve) WUAINA IHAIAMNIEIAALIRE UNANLNTENE AINNTANHINLIN

v
A A o o

Foutlsn 1A nangadududunungamn WHun Aew 14 daus daiudtynyin 10 @sad 24 6a

[

o a

9eelzPNTEUINFTUATYINL 1 T4 2 AT wazszasusanfaniadynns 5 19 10 WAg
=S aal 1 [~3 di A as a e dl a a

Juntamat, 2007 ANHIITNIIUIAIAIINIFIAALLAAUAINITNITIATIEAARUNIAULLILINANE

dasdtyynoiTa e uiuAIANITIAALIRaNANNAE Downhole seismic InalinaiBaLiiauAl
e A & Any o adlgy S A ° a a 9

ANIETIARUReUN IRaNTaaanE Ifinusllunisufauinauns nisauunaiinaesaulaeli
NEHRP site classification (BSSC, 2003)LLﬂzﬁﬁm’1Wiﬁ\1Lfaaﬂ (Average relative difference) NaN13g

= 1 ' (-1 a A a ! v v ' & © & =
WEsunaunudnAAaEirauRa Ul AEeiulinandn 13 wefdus taznannBaumnauain

v
o

o a a a 1 o Y dl o 1 [~3 dll A aca 's dll
NITANLLUNTUAAUNATIRAINNUUBRENIN (qﬁj‘ﬂ‘Vl 16) ANUUNITUIATAIMULIVIAAULDDLUANIBUATIEUANU
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(2
KX A a

a a 1 o 1 dl A Qdd’jﬁ Qdd‘l A
NAAULLLUANETANATU LTI UANNAINNUTAND uaznsiluisndedulansnanuazsutszannlu

@ v > oA A o adl o
NITLNULBHAUDENINBLNLUNLITIANNUQNLING

ai 1 < di A o’/’ a dl % aal . a 6
gﬂﬁ/] 14 mmwLifm@um@ummmumuﬂgqmwwﬂmmmﬁ Microtremors mmm@qﬂmamm

NUWIINENAE (Arai et al., 2002)



Downhole S-Wave Velocity profile
at Site CU

S-Wave Velocity (m/s)

0 100 200 300 400
0 T T T 1

10 r

20 F

Depth (m)

40

50

70 -

dl 1 % dl A ai// a dl % ad . .
g‘ﬂﬂ 15 mﬂf;’mmmum@ummmumuﬂ?qmwwimmmﬁ Downhole seismic

UFINANIAINTUNUNINENAE (Ashford et al., 1999)

17



A9 2 N13LNGY (soil classification) TneRa NEHRP (BSSC, 2003)

18

Soil Type General description Vs (m/s)
A Hard rock Vs > 1500
B Rock 760 < Vs < 1500
C Hard/stiff/very stiff soils; most gravel 360 < Vs < 760
D Sand silts or stiff/very stiff clays, some gravels. 180 < Vs < 360

Having average blow counts of 15 < N < 50 Or

average
Shear strength of 50kPa < S < 100kPa

E Having thickness lower than 3 meters and Pl > 20, w = Vs <180

40% and su < 25 kPa soft clay

F Need specific calculations




Comparison of S-wave velocity
between Active MASW and Downhole
at Site CU
S-Wave Velocity (m/s)
1] 100 200 300 400 500
I:l | T I T T
10 +
|
20 +
30+ —‘
40 |
E
-ESD
2
BD
70 L ———  Active MASW
B | ——  Downhole
ol -
100

717 16 AP NTIA AN WNELTLI8YAN1049T Active MASW uaz Down seismic

(Juntamat, 2007)
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UNN 3: VUADUNITIE

3.1 aAuTunaunIsU IR

1. AN TBYARINNUINELAN
[ = LA a o
2. anmsaNglnsailunsiae
3.udayanIARuIN

4. Uszananatayalaeldlilsunsy SurfSeis 2.0

|

5.59UFINUANEIATIENT YA

6.anuUseuazagilua
7 LAUTILINUNIGARE]

3.2 ﬁnmﬁm&m’mmuﬁé’mﬁ'\

[ ' v 1
=2 ¥ Qo ¥ o A =

Andayasuddeiiiuazngeinasdesiuie Passive MASW lidiaagldinundnsm

v 1
A A [

AU UATAINAN Tnnasianunuii aasdiaFudynnaunn 4.5 Emd wazsrazrnaremdng

%

UATYEYNUAIUE 5 D9 15 Wms

S

3.3 anwisanansalunisias

dnsizenginaniluniaifivdieyaniaauin gunaainldliun araiadadesiesns 15 wes G
a = a dld 1 XK v A a a a o‘d’j a
NNNATTNHAEALANHANNENILA 5 AT AFaENANLLATAAINNATTINENANARTNUANN

NMAINENRINERTANERT AaTudTytynn 4.5 Bsadanuau 24 i wsasdnaaalvaaziien

(seismograph) uazAaNfiaLeas uumaes 12 1aas AAULWAS 50 NATLATN&aIANTIA (317 17)
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Al B
cC|D
E | F

o o

917 17 a.gnaada  b.eddudtyoyin 4.5 @sad  c.weisesdnmnuliaziney (seismograph)

LATAANNILARS d.uupaas 12 10af e mAULNAT 50 AT f.NER441999
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3.4 \iudayamaduns

Fudeyaniaaunaniiedudl 22 naau 2552 Wnnauaniiwssusugdaessnia
el Anende (U7 18) émﬁu%mqﬂ@ﬁ%uﬁimm 10.00 . faiaan 13.00 . PPEEuaNA"T
Lﬁ‘].l%m;llmm‘u Active MASW {luaeingwsn ANNANEAT Passive Circular, Passive Triangular L8z

Passive Cross

917 18 uansnaiudiayanaunanu
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HANSALTAYANIARUIN (119797 4) FungiaLa 7l 22 AANAN 2552 LRIUAUINUTINITLIN
suaasiInNa 9inanIniuuInenae GI‘NLﬁU?‘I]ﬂH@E:F\‘ILLﬁiLQ@W 10.00 . flaaan 13.00 . TagBuann
mﬁ?Lﬁ‘]_l?‘ﬂm;ijtLl‘Ll Active MASW AN3#38R3 Passive Circular, Passive Triangular ay Passive
Cross

dl v [=3 b4 d‘ a Aa
13NN 3 LAPNTBHANTTINUTDHAAAUNIAL (surface wave)

Survey type Active MASW Passive Passive Passive
Circular Triangular Cross

Acquisition 24 channel 24 channel 24 channel 24 channel

Source 12-Ib hammer Traffic Traffic Traffic

Geophones 4.5Hz 4.5Hz 4.5Hz 4.5Hz

Receiver linear circular triangular cross

array

Dimension 48 m 80 m 80 m 60 m

Receiver 2m 10.5 m 10m 5m

spacing

Sampling 4 ms 4 ms 4 ms 4 ms

interval

Recording 2s 35s 35s 35s

time

Record 1000.dat - 2000.dat - 3000.dat - 4000.dat -

numbers 1005.dat 2007.dat 3005.dat 4005.dat
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Y ay v ® v
m@ﬂ@ﬂlﬂ@qﬂﬂqﬁtﬂum'ﬂﬁdﬂﬂq ARUIN

1) fiayanlAa1n38 Active MASW (3171 19)

RECORD # 1002 (Source Station = 99E) ' ' o 0 a o o o o o
Olfset(m) 12 a2 2 4z - TCUCUNWNISUINAINUUARXEL ELNEU LA SATITURTLEUTELAD

Trace# 5 10 15 20
on

-t . LN (offset) An 2,5 LAY 7 1pT

200

o o o o

- afudtyayed 4.5 @R sreizvinesydnasiaF LAy

ooz

(spacing) AB 2 AT AU 24 59

400
oo

X
A s v Lo = a
z. 2| - sreznaiivdeyasenilsey Ae 2 T
g o
e .| - lWa%aya 1000-1005
EED -Z |
“fivdeya Active MASW iwatin i Feuimeuriu Passive
g ' ' § dl o =S
MASW AN1n1sAnEn
317 19 Geayanaulnaaziney (seismic data) 18995 Active MASW

2) %H@ﬁiﬁ@”}ﬂﬁ% Passive Circular (g‘ﬂ‘ﬁ 20)

RECORD # 2003 (Soutes Station = 1001) - pafudtycunouatiniaennis AU vinnu L

Station 1001 1001 1001 1001

AZFIINUNAUIIYN 15 896N

o

- SAN 40 LWAT TLEZUNNTZUINNFIITU

5000

ftutynnd (spacing) A8 10.5 LWAT

10oon

A e v P "
- CUTLIIANNINUARHAARUUNTAL AR 35 LAy

15000

100 U9

Time (ms)

- Inlddinya 2000-2007

20000

25000

30000

35000

317 20 dayanaulmazineu (seismic data) 19435 Passive Circular
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3) dinyan1#a1nT5 Passive Triangular (317 21)

a

RECORD # 3002 (Source Station = 1001) v o o a o o o I o o o
Station 1001 001 lool 1001 - ATLATYEUNDITUALAEIINY ATUIUNINU IWNATURT 8 A9

Trspnts

o

- ANNNANGIAR 80 LNAT FvETUNTEndNFa Tyl

5000

(spacing) A9 10 LNAT

dl < % | dwI A a =
- CHZLNIAMNINLUIRYAABNUITRL AR 35 waE 100 99N

10oon

- Ind%a3ya 3000-3005

15000

Time (ms)

20000

25000

30000

35000

2ap
=
=)_

Iy A = . . ax . .
21 m@ng@muimmmw (seismic data) U849 Passive Triangular

=2¢

4) @Hﬂﬁiﬁ@”}ﬂﬁ% Passive Cross (g‘ﬂ‘ﬁ 22)

ource Station = LG a A o o P ¥ o
S i gy oy pstien = 1O - Ffudy Ut ALY ANUIULYNAL 219AUAT 12

Tasw
=]

fia Luglsia L

- ARNNANGIAR 60 LNAT Tr8zUTEndamaTdn a1

(spacing) A 5 LHAT

10000

dl & Y 1 d’ A a =
- WHIIANNINLIRHAABNUNTAL AR 35 waE 100 %N

15000

- Ind%a3n 4000-4006

Time {ms)

20000

25000

30000

35000

917 22 dayanaulmaziniau (seismic data) 194935 Passive Cross



3.5 Usznanadayalneldlisunsy SurfSeis 2.0

Tudunauiarunsnauunliiiu 2 douke nswdandeyauaznislscunanadays

(gﬂﬁ 23)

Convert data SEG-2 to KGS

l Data preparation

Apply geomet
|
Select a data file (KGS data)
Read one shot gather (KGS data)
Data processing

Extract a dispersion curve

Save a dispersion curve file

Run inversion

v
o

717 23 duneunistszananadeys (lvanov, 2000)
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L4

3.6 ?QU‘E’JNLL@&ELP’I?’W‘& GEG

o

TunsAnEumAiANEIAALEaWILANIAsfinsdayaAauRaAudAIAY Tnedayanauiin

=

Auazuandnaganinlugtnsvnisnszane (gL 24) wideamennannigtuuuiiugau

a

'
=K o

(Fundamental mode) GNAaN®UELaNIZA0s Fundamental mode 18un
1).0ANANTAZA (high amplitude)
2).ﬂfamal,l,@:ﬂfa’ml,%§h (low frequency and low phase velocity)

= oA A A o
3) Nﬂqqlﬂ;”]@Lu‘ﬂ\‘WW’WLL@gLLﬂﬂﬂ'ﬂﬂ@qﬂIVﬂ@@usﬁﬁL“]u

Fundamental

917 24 na1vn19NITANEUEnd fundamental mode, 1 mode, 2™ mode uaz 3 mode




UNN 4: mﬁmm:ﬁuazﬂsxmawa

4.1 38 Active MASW fiayjanlfannannnisnszaneiuuatiindmian d99dunanam (frequency

content) G3us 4.2-15.5 1@sad anuuin llidingnszuaunisauandiaundauaanannlilseunn

30 wmg (319 25)

28

i 20 4an &0 & 100
(Record = 1002) Amplitude (%)

3004

250+
5 200+
&
E
=
§150—
2
£

100

50
Frequency (Hz)
10-LAYER VELOCITY MODEL(Record = 1002)
(Mid-Station = 1011.5)
Depth (meter)
0 25 5 7.3 10 12.5 15 175 20 225 25 275 30 32.5 35 375 40

R e

CoN SR FIES R N S S T S S T S ——

T
— 4004
o
L i
L
T 3504
z
= 3009
=
> 2504

2009

1504

100 " ! i ]

15 13 10 8 5
Frequency (Hz)
- - Initial = Final — Current @ Measured

9171 25 n3NNIINITAUUATANANTDIIE Active MASW



4.2 3% Passive Circular fayanlfainnsmnisnszateiuunliiudniau 4oeduaaud (frequency
content) Giaust 1.7-3.9 W@amed arntiuinlildingnszununisauanifiaundumonuanitilsyanu

100 A9 (3171 26)

10-LAYER VELOCITY MODEL(Record = 2005)
(Mid-Station = 1001)
Depth (meter)
0 25 50 75 100 125

O

S St S L S S——

e S S

S S S

70 NSRS NSRS OSSOSO ) SOOI

5009

Velocity (m/sec)

4004
3004

2004-~

1004

Frequency (Hz)

- - Initial —Final — Current  # Measured

21l9 26 NI NN1INTZANEILALAINANTAIAS Passive Circular

a



4.3 38 Passive Cross fayanlfarnnannisnszanaiiuuaiindaiau dosfuminud (frequency

2
(%

content) Giausl 1.7-3.5 W@amed arntiuinildingnszusunisauandiaunaumauannlilseunn

100 wms (317 27)

10-LAYER VELOCITY MODEL(Record = 4005)
(Mid-Station = 1001)
Depth (meter)
0 25 50 75 100

9001

3009

=)
=
2

o
=]
2

e
=1
2

Velocity (m/sec)

e
ol
2

L
=1
2

e

2004

Frequency (Hz)

- - Initial —Final — Current  # Measured

9171 27 n3nInsvantILAzANANTENIS Passive Cross
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4.4 3% Passive Triangular #a3janl5annsmnisnszataiuunliindniau doaduaaiud

v
o

(frequency content) G9Us 1.7-3.9 1@snd anniuin lihdingnseuaunisAuandiaunauaauannls

Uszannu 100 WA (319 28)

10-LAYER VELOCITY MODEL(Record = 3004)
(Mid-Station = 1001)
Depth (meter)

1000 e e I L -L . E————

] SR O O SO RSO

300

700

600

500

Velocity (m/sec)

400

300
2001 i
100 ;
4 3 3 2
Frequency (Hz)
- - Initial =Final — Current  # Measured

3171 28 n3in1INIzaBLATAYINANUDIID Passive Triangular
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uni 5: nsanUsauazasiua

v
o

A o = - G Yy R o v Ay p o ' axg v
WHANINTILATIEALAZUTENIANALATALAD @Quqﬂﬂﬂﬁl@mimﬂqLﬁﬂULmﬂUﬂu WU 3 "Jﬁﬁlﬁ

A frequency content wazANNAN lFA1eL Avaeniies 1 nain lude e uiuds Downhole
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5.3 iwFauiiieudaya Microtremors Was Passive MASW
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parameters Downhole seismic Active MASW Microtremor
Passive Downhole % Passive Active % Passive Microtremor %

(m/s) seismic (m/s) | difference (m/s) (m/s) difference (m/s) (m/s) difference
V30(m/s) 173.6 1334 30.1 173.6 177.95 2.44 173.6 142 22.25
NEHRP E type E type - E type E type - E type E type -
Vs<180
V overall V60 V60 28.4 V30 V30 2.44 V100 V100 19.7

177.95

235 183 173.6 291.4 243.4

Average relative (5.68% 0.21% 2.19%

difference




37

5.4 g91lua

o ] o a

1.annMsAnEnLINgLuuLng e iudny o liinasansfudy g upa U AN

' '
o A

o o o aa o & Ao qguw @ - =
stlununigonedaudtyyis 3 3sanunsnaneliinsauaguiiui MnlidiagaauEieanaeun
v al v a o

TEunTA IR Asaniy

2. ANNABNITUIAIANNNIBIIARLLDBULRALIFILE 0 D9 30 tWAT (Vs (30)) wanunldiieuiy

o a a ¥ . . . o’/’ aaa < dl A 2 1
A1319N17 NI RATR9A IR 1 NEHRP soil classification 914 4 3GHAIAYINBIARLLABUTIBENID
180 luAssadWY Anat] T soil type E szinnauaat (soft soil)
p~ Y aal ' ! P . . o

3.117u B UAILRTUNANANLANFNLRAE (Average relative difference) 4 3 Ugzinn

WiAAuuansaeasldinu 10 wWasidus LanainAtAuiEaAaLRewn lFania Passive
& o LA A

Remote MASW 1iuiipqnssni@ene

4. 91135 Passive Remote MASW adqifluanniaidanuiis lun1sd199an19asciiandn

anunsniun I lunsdnatisnaminisassunuiueenadulunganne1a



38

un® 6: Tynnaztalduanus

6.1 eymuazailassna

v 1
o o e A =

1. dupaunisiiudiaya 139 eAFUATY I MILUNINLAY (cross) WlHasanRaeLALladn

o

duiuliaslianunsannliasnedaiudtynyimuuuyguenn (L) win $an1s5udny oy sl ian1ess

@

ANUAZILIUAL OV ULALR AUN I NAFLATY I ULUNINLAT LasiraLiuAeaiun13919

o

o o a A = o o s
FATUATU UL UL ALAREN (square) IJILABANNIEWENRAEINLA LD

o o

2. ldaunsaiudieyapduiinofulnanisanedafudtyonnunungy (random) 16 1Wasannnig

o o

(% dgj 1= dl A nllo o 1 1 v o ¥ 1 o 2 g
QWQWQ?U@Q’IE]&I’]M‘]J?HIWMVLNNLﬂﬁ“ﬂ\‘m‘ﬂmﬂ’]ﬂu@mqLLMHQ@EI”I\‘]QHW@\‘] Wﬁiﬂﬂﬂﬂ[ﬁ]‘ﬂﬂ’ﬁu{m%ﬂﬁ‘ﬁzﬁ

uazilsrananaludunansalil

! v
=KX o ] v v o

P o o o o Ay y o vy = Ny ]
3. Lu'ﬂ\‘]qﬁlﬂF‘]Q?ﬂ@ﬂéﬁqu?ﬂﬂquﬂimmqf‘ﬂ\‘]waﬁﬂ@ﬂ@mqq 0 019 30 LNFT HUABHAUREANULAN

u

Vs (30) 28475 Passive Remote MASW A3HAN6N9a1N358 144 liHasanepauniANuDgIazat]

al

U3iansiiuiin dauadupnaiisnazadldldannd 33 Passive Remote MASW Aclidiesafiannias
Active MASW uaz33 Downhole seismic uiléiiasatiaend3s Microtremor ansAaTisUAMAET
Findsn
6.2 TALAUDLUE

1.47NNAN33ETE Active MASW Litieyananuifanauianlugas 0 fa 30 wasléa uazia
Passive Remote MASW Witiayananaiianauiaenlugas 20 fia 100 iwms 3epas9in combine
3z Active MASW waz Passive Remote MASW azvin i lédiasasiaus 0 8 100 wimsi

LausiNNINaY



39

UTTUIUNTH

NINNINEINNTEIN. 2550. aeciianeUsyinalne (ﬁuﬁmﬁ%‘ﬁ' 2 a1fuilfuilg) Tnansumsnennsssdl -
NPANW: NINNFWENTHIU NIENIIMINENNIsTNT Az AInEen. 628 wii.

gNatl IATIIRUANA. 2549. WEANITNIBIAUNNNAAART._ NInN: TN inasnsnd
NVINENAL, 248 Ui,

Arai, H. and Fumio, Y. 2002. Exploration of S-Wave Velocity Structure Using Microtremor Arrays
in the Greater Bangkok, Thailand. Earthquake Disaster Mitigation Research Center
(EDM) (15).

Ashford, S.A., Jakrapiyanun, W. and Lukkunaprasit, P. 1997. Amplification of Earthquake

Ground Motions in Bangkok. Final Report on Research Sponsored by the Royal Thai

Government Public Works Department of Interior Ministry: 119.

Building Seismic Safety Council. 2003. NEHRP Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures. Part 1: Provision. FEMA 368,
Federal Emergency Management Agency. Washington, D.C.

Abt, D.L. “Seismology Introduction.” 2007. [Online]. Available: http://www.geo.brown.edu/
People/Grads/abt/Tools/Seismology/Seismolntro.htm. [Acessed: March 1, 2010].

Ivanov, J. 2000. SurfSeis Tutorial. Kansas: Kansas Geological Survey.

Juntamat, P. 2007. Comparison of Shear-Wave Velocity Profiles of Bangkok

Subsoils from MASW and Borehole Measurements. Bachelor of Science, Department of

geology, Chulalongkorn University.

Luangthavornkul, N. 2007. Determination of the masw field parameters for Bangkok subsoils.

Bachelor of Science, Department of geology, Chulalongkorn University.

MASW data. [online]. Available: http://www.masw.com/. [Accessed: 2009, July 8].

Park, C.B., Miller, R.D., and Xia, J. 1999. Multichannel Analysis of Surface waves (MASW).
Geophysics 64(3): 800-808.

Park, C., R. Miller, D. Laflen, N. Cabrillo, J. Ivanov, B. Bennett, and R. Huggins, 2004.

Imaging Dispersion Curves of Passive Surfacewaves. Society of Exploration

Geophysics: 1357-1360.



40

Park, C.B., and Miller, R.D, 2008. Roadside Passive Multichannel Analysis of Surface waves

(MASW). Journal of Environmental and Engineering Geophysics 13(1): 1-11.

Shibuya, S., Tamrakar, S.B., and Manakul, W. 2003. Geotechnical Hazards in Bangkok Present

and Future. Lowland Technology International 5(1): 2-7.




	ปกภาษาไทย
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 กรอบทฤษฎีวิเคราะห์และหลักการ
	2.1 กรอบทฤษฎีวิเคราะห์และหลักการ
	2.2 นิยามศัพท์
	2.3 งานวิจัยที่เกี่ยวข้อง

	บทที่ 3 ขั้นตอนการวิจัย
	บทที่ 4 การวิเคราะห์และประมวลผล
	บทที่ 5 การอภิปรายและสรุปผล
	บทที่ 6 ปัญหาและข้อเสนอแนะ
	บรรณานุกรม

