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Abstract

Amphoe Muang, Changwat Lamphun where have many people live is located on
soft sediment and near the active faults of the northern part of Thailand and Myanmar.
So it is a high risk area to be affected by the earthquake ground motion. In this study,
we consider the area of amplification of soils by using the MASW (Multi-channel Analysis
of Surface Wave) (Park et al., 1999) method to collect the shear-wave velocity of soils
data along the roads that past the urban areas. We collected the data from Southeast to
Northwest that past the urban areas and collected data that cover all area. Next we
calculated the averaged shear-wave velocity down to 30 meters (Vs (30)) for estimated
the ground motion amplification of soils Vs (30) at each station are used to classify the
soil classes based on the recommendations of the 2003 National Earthquake Hazards
Reduction Program (NEHRP). The result show with NEHRP Classification of soil map can
explain amplification of soils that the study area can divided into 2 classes: Class C and
Class D. The urban areas of Amphoe Muang, Changwat Lamphun located on Class D
that can amplify ground motions.So these areas should guardedly design the
construction and the building that already constructed should recondition the structure

for protect the damage.

Keywords: Shear-wave velocity, MASW method, NEHRP
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wsenaspauLuAnlnglfliaaga 1Hasain Class A dAANIEIARLIRENES (High
. b % 1 o o 3 dld

shear wave velocity) W&aazlallauansuauiy Class E AANAINIT0UE8LI
dl 1 a v a [~ dl A c:

pasaanuRuAnlnlANINga snziANAINTIARLIRAUAN (Low shear wave

velocity) (FNANT9 1.1)



A3 1.1 LAAINITANWINTHATBALAINTBNMLATIEY NEHRP 2003

Soil Type | General Description Vg (m/s)

A Hard rock Vs > 1500

B Rock 760 < V4 S1500

C Hard and/or stiff/ very stiff soil; most | 360 < V4 S760
gravels

D Sand, silts and/or stiffivery stiff clays, | 180 <V, <360

some gravels. Having average blow
counts of 15 < N < 50 or average shear
strength of
50 kPa <'S < 100 kPa

E Having thickness lower than 3 meters | V4 < 180
and Pl > 20, W 2 40% and S, < 25 kPa

soft clay

F Needs specific calculations

1.8 IUIRENLNEIUDY
Thanop (2010) &nn19fFeuieunanisd139a1 Shear-Wave Velocity Profile 284

v
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FuRLaaulLAANIMNNUIUAT 751979 F5N17ULL Downhole Seismic Methods iU 38013
WUL Multi-Channel Analysis of Surface Wave ( MASW Methods ) TuiuAXaa1 LislansLs
o = a 1% 1 s a o
ngunnauiuas Tnainnisreudienlu 3 Usan lHun iasnsalunninenas
(Chulalongkorn University), @nntiumalulagiusiaiade (Asian Institute of Technology)

a

waz NINgEHENANN (Thailand Meteorological Department) WUNAANEN LFANTIADY

q

v

ad o A oAy v = o a P
AaulszaunAeudnalndidmeaiy IneanisluiB i unmu
Saralee (2011) TANNN19ANHIN1INLEBNANITIAAWRALIEAUALIUALASNS

Wasdsudagessalaaliis nnsdrsandulmmarinauiofuuuuvanadasiudyyin



(Multi-channel Analysis of Surface Wave (MASW) Iaginnisifivdiaya seusiun
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ANNdan1uuAa9 NEHRP 2003 F9a1NNANIIANHIAIN1DALUNTHAYa9 ALANdan11Aue

v

299 NEHRP 1#iflu 2 site class Aa C uaz D (As31l 1.6) Teuidqulunjaasainaiiia
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= < v Y . = o : 3o o =
Lmﬂq@muugﬂ@mimﬂu site class D Fellpnu@easianislasunisaenausduazineu

dl o dqj dl v [~ dl A a o
;Jj“]JV] 1.6 taasn1ganunlseinnaasiunlaa lEANE AR KR UTEIAUATNNAN TR

NEHRP luiBinnuiiunenneiiled aandsideass [Saralee, 2011]

Monawat (2012) 1Hnn1sdsziluiunnimnui@essaniaianisanadoynyin
wiuAulR e nales Aamdnuu TnsanAudiayaAiAauizaARUIREUTIANAINIG
MASW (Multi-channel Analysis of Surface Wave) Tnaivinnisifivdiayariaauizonauiae
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Tuuuaiawmile-16 151"171'mﬁﬂﬁ‘1_|3ﬁmﬂm%wm 10 qn ilehAanuiiraudeweds sy
ADNAN 30 LUAT VS(30) TBNUAAZAARNHINININITALUNUSENNT0AY Audaninue
284 National Earthquake Hazards Reduction Program (NEHRP) 1] 2003 @1x1s0UsEIRY
AagNsnlunsteneussduazeuresuuALln lRuT K wazarnuantsdnsanLn
amnnanduunatnaedanliily 2 site class Aa site class C iU site class D (A931] 1.7)

dl [ % a dld nI/ P A 14
B UAN B U AR mumumwmmmiummmameummfammLLmumulmim bR

Uainusiaiessat i Class D

dl dl 1 = a v Y o a a =S dl
JU% 1.7 wunnawonaaamentlaiuson n198auunlssinNaedAuLRR Mg ARNHITN
durnanunlaiilu 2 Ussinnenudanirunuas NEHRP Site Classification A Class C

ae Class D [Monawat, 2012]

1.9 nanAaINazlasu

1. uHunTiareaAun A uwa ln lun1rra1a LN AL IaA NdanuaIae NEHRP 2003

o ©
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A G A A PR = ° - o o o
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uny 2

s50i3en9all (General Geology)
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2.1 Qﬁ'amg'm (Morphology)
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2.2 AaNHUENINETAINEN (Geology Setting)
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2.3 TRYANRNLANE
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sz1iiau g8 (Methodology)
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Netmilaianu
4.2 PIWARUINNNISNTZANLAIUAIAMNITIARULRAUADIAY

o v =2 [ o v v 1 Y °
L?WUW%@H@NWﬂﬂH’]LﬂUﬂ’]Wm@ﬂqqﬁiﬂ@'ﬂ\‘iuu'} 1@LLﬂ EUNINNI941999 TR
o a & [ = a A ¥ o
mmu@@mﬂmimiﬂ AedUANIAEIRALNULe Laziduniinisdnsaaluiun

1%

ArnzFuaeneauie lhdnziunn@eald (a3 4.1)

a

Tmedunnanisdnalunuwanzdunniaasiduile-nsdusaniaasls Usznaudion
@mﬁﬂmﬁ ST1-1, ST1-2, ST1-3, ST1-4, ST1-5, ST1-6, ST1-7, ST1-8, ST1-9, ST1-10, ST1-
11, ST1-12, ST1-13, ST1-14, ST1-15, STi-16 FearliduduaclunsannfiFmne das
umnemsdnsaaluniaiidnz ueenideuvile - irnzunnidedls Usznaufauqnanenii
ST3-11, ST2-9, ST3-10, ST1-9, ST3-9, ST3-7, ST2-14, ST3-17, ST3-6 Feazlfikud Feqly

N13AINAANG (Aag 4.1)
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6.61 km

dl a o v ] % %
qﬁ:ﬂ‘V] 4.1 LAPANNANINNITUITBHANININTNAAAIN 2 U1

dl o 1 < & o dl v dl % 1 ¥ dl % a
WaihAATAnInIseaalae ldaunih (1) BRI LAUNAINAILALLAS

v v
o o A

HARNSIAAIT (11397 4 . 1) wazldunannsnadidenuadanslemnes (mn9en 4 . 2)

dl v =l a [ = A a o a v
1919 4.1 LL@@\‘]ﬂ’]ﬁ‘LL‘]J@NZW.I@H@L?ﬂ\‘i[ﬁ]’]&lLLuQVIﬂ[;‘]Zi'Ju‘ﬂ‘ﬂﬂLﬂﬂﬁLﬂuﬂiﬂWﬂ[ﬁlﬁquﬁmL@ﬂ\ﬂm

Station | 3¥81¥N19NIZARAINGA AANEaPALAeuRALT
ANEAT 3-11 (1m3) SLAUANNAN 30 AT (LMT)
3-11 0 330.553
2-9 3335 317.706
3-10 7150 260.264
1-9 8273 369.987
3-9 9113 303.895
3-7 10244 259.267
2-14 13946 292.534
3-17 15054 289.646
3-6 18237 540.394
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a o P A o = ol 1a o = o
AT 1NN 4.2 LL@ﬂ\jﬂq?LLﬂ@N@T@H@L?ﬂQ mflllLLu’)‘V]ﬂm&quﬂﬂﬂLﬁﬂ\iﬁlmiﬂV]ﬂmzqumﬂ OVININY R0

Station | szEIzN9NIZAAAINAA AnAnNEI AR R RALT
AnEAT 1-1 (UmT) SLAUAINNAN 30 AT (LNAT)
1-1 0 329.458
1-2 355 470.921
1-3 1180 348.165
1-4 1734 381.235
1-5 2024 413.177
1-6 2537 362.052
1-7 3278 307.55
1-8 3670 294.165
1-9 4027 369.987
1-10 6227 338.741
1-11 6929 245.591
1-12 7196 306.645
1-13 7794 271.483
1-14 8102 270.109
1-15 8448 240.703
1-16 9223 216.499

4.3 NN9INUUNLTZLANTRINUNAINATAIINLEIAA ULADULRRAAUDITLALIANAN 30
LNAS

. - - d4 . o s .
anfiayalumaned 4.1 uarm1999 4.2 Waninisndendeyaaslunsmszmnang
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ANAHITIARUIRAULRALNIZAUAINEAN 30 AT TuluIwnU Y iU $2a12N19N3LARAINqA
AN 3-11 (AMEUN e luluaRAnz T ueanRemte lURAnz unnRes ) way szaznig

o =2 dl a [ = 14 a o = A
NITANMNYAANIN 1-1 (LLu’WlﬁmZ’Ju‘ﬂ‘ﬂﬂLﬂﬂﬁiﬂﬂi’lﬂﬁ]ﬁﬂ%ﬁlﬂ@ﬁl\iL‘Mu‘ﬂ) Tuwwaunu X
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v o a & 1 [~3 dl A a 1 1 dl d” dld a
LaININITIAIZIAIANEIAR IR B lUALUAA s ngRIwL TuWuN AN Taeney
dunusnunisauundszinnaesaua Ndaniuaneey Natonal Earthquake Hazards
Reduction Program 2003 (NEHRP 2003) Ingia1AeAN189A9NNIT AR LR ute9AUNNINNg
dl :/j |d91 a a =3 1 o =X 4‘ o v @
LRAEFAIUANUNITEIAN AUINTINIZAUAINAN 30 LHAT (Vg o) TOT1A N0 WA AT
Class A, B, C, D Wa% E AMNTI9129AMNENLANFANAY (AIA13799 4.3)

gafinaazlansvinuiaiinreshuaudanivuaaes NEHRP 2003 aanuiilu

¥ = =

2 ne N Aa e NALaRsHATaNaa nanAnHIN Faan N luLURARzIuaaniata el

u Q

1 1 1
a o =

=l % o = v =2 a a
Nanzdunniaas (ﬁ\‘lﬁ‘ﬂ‘ﬂ 4.2) LL@ZH?WWVILL@@QN@ﬂ@ﬂ@@’]ﬂﬂﬁﬂﬂ‘]ﬂr’]ﬂlﬁﬂ\‘][ﬁlﬁNsLuLLuQ

u

HenzdueenmenlilifiAnzdunniaaaniia (Aag1n 4.3)

A1T199 4.3 udaen13auunanresaumndeniuunues NEHRP 2003

Soil Type General Description Vg (m/s)
A Hard rock Vg > 1500
B Rock 760 < V4 S1500
C Hard and/or stiff/ very stiff soil; most 360 < Vg <760
gravels
D Sand, silts and/or stiff/very stiff clays, 180 < Vg <360

some gravels. Having average blow
counts of 15 < N < 50 or average shear
strength of

50 kPa < S < 100 kPa

E Having thickness lower than 3 meters Vs <180
and Pl > 20, W 2 40% and S, <25kPa

soft clay

F Needs specific calculations
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uni 5
agUnanIsIABUATTALEUDLUE

(Conclusion and Recommendation)

5.1 agUnan19Iae
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RAULBIALAEIT MASW (Multi-channel Analysis of Surface Wave) (Park et al., 1999)
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psdnstayaninmsiiudayaniuun

ﬁflﬂmm“mmﬁm%@um?{ﬂ
Station Latitude Longitude ‘ﬁm’mﬁﬂ 30 AT rﬁlgx‘mﬂjuumﬂﬂu
[WNATAUNN]
1-1 18.5551 99.0435 329.458 PENEUAZINLN (Q1)
1-2 18.5569 99.0408 470.921 AEneuUAZNTN (Q1)
1-3 18.5614 99.0345 348.165 PZNBUFITNNA (Qa)
1-4 18.5644 99.0303 381.235 AZNEUBNSEIN (Qa)
1-5 18.566 99.0282 413177 PZNBUFITNNA (Qa)
1-6 18.5686 99.0241 362.052 m:ﬂ@umiﬁy’]m (Qa)
1-7 18.5714 99.0176 307.55 PZNEUFIN (Qa)
1-8 18.5726 99.014 294.165 PZNBUSNITNNN (Qa)
1-9 18.5736 99.0107 369.987 PZNEUSITNA (Qa)
1-10 18.5838 98.9928 338.741 m:ﬂ@umiﬁy’]m (Qa)
1-11 18.5871 98.9871 245.591 PZNEUSITNA (Qa)
1-12 | 18.588238 | 98.9849 306.645 PZNBUSNITNNN (Qa)
1-13 18.5909 98.98 271.483 PZNBUFINA (Qa)
1-14 | 18.592377 | 98.9775 270.109 PZNBUSNITNNN (Qa)
1-15 18.5939 98.9746 240.703 PZNBUFINA (Qa)
1-16 18.5971 98.9681 216.499 PZNBUSNITNNN (Qa)
1-17 18.6213 98.9784 255.523 PZNBUFIENA (Qa)
2-1 18.4829 99.0551 229.557 PZNBUSNITNNN (Qa)
2-2 18.5283 99.0946 267.006 PENEUAZINLA (Q1)
2-3 18.5639 99.1132 272.145 AEneuUAZHNTN (Q1)
2-4 18.6002 99.1215 277.807 PEnEUATINLA (Q1)
2-5 18.6115 99.0867 370.213 PENEUAZINLA (Q1)
2-6 18.5799 99.0731 307.869 PEnEUATINLA (Q1)
2-7 18.5676 99.0646 344.951 PENEUAZHNTA (Q1)
2-8 18.5926 99.0365 380.837 PZNBUFIENA (Qa)
2-9 18.6149 99.0286 317.706 PZNBUSITNNT (Qa)
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ATNAUEITUINT (Qa)

2-10 18.6627 99.0243 269.046

2-11 18.5976 98.9878 199.731 mn@um@ﬁyﬁm (Qa)
2-12 18.5695 98.9632 263.076 mﬂﬂum?ﬁyWWW (Qa)
2-13 18.5319 98.9431 374.121 mn@um@ﬁyﬁm (Qa)
2-14 18.5348 98.9717 292.534 mﬂﬂum?ﬁyWWW (Qa)
3-1 18.523 99.0259 622.75 mﬂﬂumﬁ/ﬂﬁy’l Qt)
3-2 18.5356 99.0148 678.828 mﬂﬂum?ﬁyWWW (Qa)
3-3 18.4916 98.9886 345.682 mﬂﬂumﬁ/ﬂﬁy’l Qt)
3-4 18.476 98.9758 390.606 mzﬂﬂuﬁﬁ?ﬁ”WWﬂ (Qa)
3-5 18.4661 98.9668 366.796 mﬂ@umﬁ/ﬂﬁy’l (Qt)
3-6 18.5003 98.9531 540.394 mzﬂﬂuﬁﬁ?ﬁ”WWﬂ (Qa)
3-7 18.5605 98.9956 259.267 m:ﬂ'ﬂumiﬁy’m’l (Qa)
3-8 18.576 99.0013 302.614 mzﬂﬂuﬁﬁ?ﬁ”WWﬂ (Qa)
3-9 18.5678 99.0046 303.895 m:ﬂ'ﬂum?ﬁy’m’l (Qa)
3-10 18.5831 99.0146 260.264 mzﬂﬂuﬁﬁ?ﬁ”WWﬂ (Qa)
3-11 18.6435 99.0386 330.553 m:ﬂ'ﬂum?ﬁy’m’l (Qa)
3-12 18.638 99.0238 264.105 mxﬂﬂuﬁﬁ?ﬁ”’mﬂ (Qa)
3-13 18.6379 99.0142 270.914 PZNEUSNSIINN (Qa)
3-14 18.6269 99.0024 349.041 mxﬂﬂuﬁﬁ?ﬁ”’mﬂ (Qa)
3-15 18.5336 98.9978 312.734 m:ﬂ'ﬂuﬁ’]iﬂy’mﬂ (Qa)
3-16 18.5114 98.9778 373.569 mxﬂﬂuﬁﬁ?ﬁ”’mﬂ (Qa)
3-17 18.5273 98.9645 289.646 m:ﬂ'ﬂuﬁ’]iﬂy’mﬂ (Qa)
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. s A PR =
ANAINHLTIANLLRAULAALUNAINNAN 30

v
o

Station o FRBLLNATNEY
AT (V4(30)) [LmF/1N]
1-3 348.165 AENALANTIN (Qa)
1-4 381.235 AENAUSINIA (Qa)
1-5 413177 AENALANTIN (Qa)
1-6 362.052 AENAUSINIA (Qa)
1-7 307.55 AENAUAN TN (Qa)
1-8 294.165 AENAUSNIINIA (Qa)
1-9 369.987 PZNEUENSIINA (Qa)
1-10 338.741 AENAUSIIINHA (Qa)
1-11 245,591 PZNEUENSIINN (Qa)
1-12 306.645 AENAUSIIINIA (Qa)
1-13 271.483 PZNEUENSIINN (Qa)
1-14 270.109 AENAUSIIINHA (Qa)
1-15 240.703 PZNBUSITNN (Qa)
1-16 216.499 AENAUSINNA (Qa)
1-17 255.523 PZNEUSNSIINN (Qa)
2-1 229.557 AENAUSIIINNA (Qa)
2-8 380.837 PZNEUSNSIINN (Qa)
2-9 317.706 AENAUSIIINNA (Qa)
2-10 269.046 PZNEUSNSIINN (Qa)
2-11 199.731 PENAUSIINNA (Qa)
2-12 263.076 PZNEUSNSIINN (Qa)
2-13 374.121 AENAUSIINNA (Qa)
2-14 292.534 PZNEUSNSEINN (Qa)
3-2 678.828 AENAUSIINNA (Qa)
3-4 390.606 PZNEUSNSEINN (Qa)
3-6 540.394 AENAUSIINIA (Qa)
3-7 259.267 AENAUAN TN (Qa)
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3-8 302.614 AENAUSIINIA (Qa)
3-9 303.895 AZNEUBNSLIN (Qa)
3-10 260.264 AZNEUs1IIN (Qa)
3-11 330.553 AZNEUBNSIN (Qa)
3-12 264.105 AENAUSINIA (Qa)
3-13 270.914 AENALANTINN (Qa)
3-14 349.041 AZNEUs1IIN (Qa)
3-15 312.734 AENALANTIN (Qa)
3-16 373.569 AENAUSIIINNA (Qa)
3-17 289.646 AENAUAN TN (Qa)

ANTINUAAITANALRNIZUUASNAUAZANYN

AnAnNEIAALERRALTIANAN 30 P
Station . PNEYLURTNAY
ln7 (V4(30)) [Lma/aunn]
1-1 329.458 pzneURzNT (QY
1-2 470.921 AENAUALNTA (Qt)
2-2 267.006 pzneURZNT (Q)
2-3 272.145 AENAUALNTA (Qt)
2-4 277.807 PEnEURZINTA (Qt)
2-5 370.213 AEnEUAZNLIN (Qt)
2-6 307.869 AZNeuAInIY (Qt)
2-7 344.951 ALNAUAZRNIN (Qt)
3-1 622.750 AZNeuAInIY (Qt)
3-3 345.682 AENaUAZNT (Qt)
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http://services.dpt.go.th/service_4/other/soil2551/
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LOG OF BORING No. BH-1
PROJECT :  dauilosiundsdusii nazdamzmsin)seme LOCATION :  éwnaifies §am¥adiu
CLIENT
O Su(UC) #® Su’{uc)
AN o|©  Wetural Water Content | 2 SutFg s SwiFe
s 5|2 = O | x Plastic Limit x Qp/2
£ 2 3 0f o i Limit (tmnf)
£ § " gg DESCRIPTION OF MATERIAL Ii® "‘q"“{;’ 25 &5 75
o O 1 e n
813 ¢3¢ g A
o 20 40 80 80 100 0 . 40 80
L cl |, some fine to coarse
— o o, ko s, XL .
| o1 ss | _|=|(TOPSOIL) P T A
| loz; 88 2.00m, ’A %5\ e & _tésf
03| 8 7 \f, // . 28 P
Silty clay, trace fine sand, / AN @a}
:l o4| S8 L. grey, medium stiff. (CL) # // Q:u &y //
= 7 P72 23
5 on| s 4.70 m, 7/ ) L2 4 ,/
— (A} 5.50m. ooo ¥, ) '\
- 7 e %
| o8| ss “ta 4“(\@ 18
| Silty clay, trace fine sand, ~
| 1 o7| ss | _pm Ii-grvevisi!' brown, very stitf. (CL) > - n\(\ -
- N -
acnieliadinn B, ) gee
Clayey fine to medium gand, o\
|| oa| s5 [ Ii—gr\;v‘: medium de?)(‘sﬁcl Db@" RS 2ol // &
. > m
| 10] ss o) 7R 3 W‘w
11l ss 5 l \wm
b
- }r v ¢ s
7 Lo
RN
2] ;
] )
| I
_— //
ELN
24 HRS.
ST S ENGINEERING BORING STARTED, 28/08/98 RIG. ACKER we. FEOM. o rer BORING,
CONSULTANTS CO..LTD.| gommnG FNISHED. 28/08/96 FOREMAN SC. JOB No. 5909.48

gunwLans fayanguiay BH-1 1891519 nidaLies
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LOG OF BORING No. BH-2
PROJECT :  oudoaiimisisinish unsamsniasomn LOCATION :  dunaidfos Fanindmgu
CLIENT :
Q Su (UC) # Su'(UC)
RN 0l© Natursl i;l’altart.‘mtmr " SuFy . Su'tPv)
¢l 52 %5:' S| x Pastic Limit x Qpi2 )
E' s M 4z DESCRIPTION OF MATERIAL :‘:":: e m"'”;‘”"" 26 5 78
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