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Project Title: Shear-wave Velocity Mapping and Site Classification of
Soil for Earthquake Hazard Evaluation in Amphoe Muang,
Changwat Chiang Rai, Northern Thailand

Name of the Investigators: Thanop Thitimakorn

Year: 2013

Abstract

Chiangrai city is located in the northern part of Thailand and is a high risk area to be affected by
the earthquake ground motion. Because the city is laid on the soft sediments of alluvium deposits of Kok
River, these soils underneath the city can amplify ground motions thereby increasing earthquake damage.
The ground motion amplification of soils can be estimated by using their averaged shear wave velocity
down to 30 meters (Vs@oy). Amplification of soils can be inferred from shear wave velocity that the soft soils
with the low Vs values have the ability to expand ground vibration more than high Vs values. Conseguently
the main objective of this study is to create the soil classification map of the city using the (Vseo). In this
study, we use the MASW (Multi-channel Analysis of Surface Wave) technigues to determine Vs of soils. We
collected seismic data over 30 locations covering in 5 soil units. We then calculated the Vs in each test
site and used it to classify the soil classes based on the recommendations of the 2003 National
Earthquake Hazards Reduction Program (NEHRP). Finally we developed the NEHRP site classification
map of the study area. The results reveal that the Vs@o values of the near mountain zone and the natural
levee can be classified as site class C with the average Vst of 418 m/s. However the northem valley plain
and eastern floodplain which cover most of the study area are classified as site class D with the average
Vsiao) of 338 m/s. Based on the site-classification map, we can conclude that the main part of the study

area is under substantial risk of soil amplification.
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3.2 98N15AILBUINUIAE (Methodology)
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Flood plain on channel : clay and silt on sand layer

A [[@F] Flood plain:clayand silt
(o]
(o]

Natural levee: silt and clay

Colluviumand valley ptain

Highterrace

Sedimentary Rocks

Sandstone, Shale, Siltstone
- Siltstone, Shale, Sandstone, Tuffaceous shale

[IEl Limestone
[EZ Sandstone, Siltstone, Shale

igneous Rocks

- Porphyritic biotite granite
- Rhyolite, Tuff, Andesite
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4.1 NMFATUIUAT Vs(30)
> v 4 - o Y a A4 A A
anduneunistszinausdeyandulmazineu v lwlddianniirdutenissiy
13 i3 < :’I e :’I © 1 - 1 A
ArnanA1e] luudazqafiudayaia 30 9a (nAnuan n) AniuaninAranuierdudey
o o 13 :’/ 4 1 A s 4 s
AuszAuAMuANA1e] 1 1InImIATeReauiiarzAuAN@n 30 AT INTIERTEAL
AMAN 30 wne WluszAuAdnanifinanssnuneinguresdenasilaaialy anw

o
AUNIN (1)
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s30) = n
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V0 : Average shear-wave velocity of the upper 30 m.
d, :The thickness of any layer between 30 m.

V. :Shear-wave velocity of the formation or layer, in m/s

= ] a A a a a e = - @
Iﬂﬂgﬂ'ﬂ 4.1 WAAIATANUNLTIAAULRDULRRUNTCALAIINAN 30  LNAT (NEUNUY
o v a v b - < kA \ a = d’l’ e; =4
Arumdanisiiudeya andeys vs@om) azdiulidnAraruiiresduluiuiidnmiinag

nNIzANEaLFauA 230 m/s DaLlseanns 550 mis

600
550 * —
°
500 s,
w 450 T
= *
. 400 5 =
Q *
8 150 +— - =
g b * * *
300 ° —* O L4
* 'Y H
250 ——+— ——— : * .,—Q_Q‘J‘
200 J
150 .
0 5 10 15 20 25 30 35
Site No.

- ! o A4 a4 d o = v o e
ET_I'V\ 4.1 AANHLTIARUIRDULRAUNISALANMNAN 30 LHRT nUﬁ\'\LLﬂudLnU‘ﬂﬂHﬁ

{25]



- o . a A o a o & <
117 4.2 wanan1snsranaaTedAIANNEIAALRRMIAREAINRIARTINAIINEN 30 AT
o a :/ ¥ o ] .
(Vs (30)) Autlszinnaasduna s wumaluiuinisdnmn 1w Qff (Floodplain) Qfc
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VMg (Mean Vs(30))(m/s)

Qfc (Floodplain on channel) 309
Qff (Floodplain) 352

Qfv (Valley plain) 354

Qfl (Natural levee) 409

Qt (Colluvium) 427
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(NEHRP, 2003)

(30}

Seil Type General Description Vs (m/s)
A Hard Rock Vs> 1500
B Rock 760 < Vs <1500
P —
C Hard and/or stiff/very stiff soils; most 360 < Vs < 760
_gravels
Sand. silts and/or stiff/very stiff clays,
some gravels. Having average blow counts
D of 15 <N < 50 or average shear strength of] 180 < Vs < 360
50 kPa < § <100 kPa
Having thickness lower than 3 meters and
E PI> 20, w > 40% and s, < 25 kPa soft cla Vs < 180
F Needs specific calculations
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#91luas1u?]E (Conclusions)
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' S o = P o & o ° - -
M1TIANANNLTIARULRDULR REILAT NMFIMUNUTZIANAUN AN UININUUBH A

Station UTM Grid X UTM Grid Y Geology Vs(30) m/s Site classification
1 584597 2195740 Qff 392 C
2 583501 2195672 Qff 330 D
3 583954 2196638 Qff 251 D
4 582001 2197897 Qt 443 C
5 580893 2198465 Qt 412 C
6 582379 2199746 Qff 316 D
7 583905 2198543 Qft 493 C
8 585973 2199315 Qff 562 C
9 585940 2201453 Qfc 481 C
10 .589280 © 2201400 Qfc 268 D
11 590064 2202737 Qfc 284 D
12 591379 2204041 Qfc 422 C
13 589526 2203610 Qfc 263 D
14 587746 2197519 Qff 305 D
15 589468 2197066 Qfl 369 C
16 590061 2196610 Qfl 250 D
17 590964 2196246 Qfl 524 C
18 591048 2199347 Qff 351 D
19 589018 2199421 Qff 337 D
20 591616 2203323 Qfc 228 D
21 591237 2206153 Qfc 291 D
22 591258 2206879 Qfc 245 D
23 587884 2206477 Qff 328 D
24 586672 2206572 Qfv 402 C
25 588047 2204418 Qfc 362 C
26 585904 2204183 Qfc 326 D
27 584856 2205318 Qfv 406 C
28 583965 2203380 Qfc 256 D
29 582143 2202459 Qfc 293 D
30 582108 2205698 Qfv 254 D

[36]
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Multi-channel surface wave seismic data was acquired at 30 preselected sites in the Chiangrai
City area, northern Thailand. The primary goal was to generate the NEHRP (National
Earthquake Hazards Reduction Program) soil classification map for Chiangrai City using the
average shear wave velocity values derived from the multi-channel analysis of surface wave
(MASW) data. The NEHRP map of the study area generated from these data closely matched
the surficial geologic map. Areas mapped on the existing surficial geology map as either
alluvium or natural levee soils have weighted average shear-wave velocity values of 30 m
depth (Vsgag)) ranging from 309 to 354 m/s, corresponding to NEHRP soil class D. Areas
mapped as colluviums and valley filled soils, in contrast, have values of 427m/s and
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ABSTRACT

corresponding to NEHRP soil class C.
KEYWORDS: MASW, NEHRP, Shear Wave Velecity

Most unconsolidated materials amplify earthquake ground motions, which can affect the
stability of structures far from the epicenter of the earthquake. Mapping the areas where soil
amplification is likely to occur is a very important objective. Geophysical methods have been
used to determine shear-wave velocity for earthquake hazard mapping for many years. In this'
study, we used the multi-channel analysis of surface wave (MASW) method that was recently
developed by the Kansas Geological Survey to determine average shear-wave velocities of soils
(Park et al. 1999). The method is similar to the single-channel analysis of surface wave (SASW)
method used in civil engineering community, except that the MASW method employs several
receivers to detect Rayleigh waves (ground roll).

INTRODUCTION

- 2891 -
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MASW data were acquired at 30 representative sites in the Chiangrai City in northern
Thailand (Figure 1). The primary goal of this study was to use the shear wave velocity derived
from the acquired MASW data to generate the NEHRP (National Earthquake Hazards Reduction
Program) site classification map of the Chiangrai City area. The resulting map will help the city
assess its earthquake shaking vulnerability and mitigatigation. The secondary goal was to evaluate
the effectiveness of the MASW method to determine the weighted average shear-wave velocity
till 30 m depth (Vsgg)). Vs@o) is used for the soil classification system adopted by NEHRP for
building-code provisions (Building Seismic Safety Council, 2003). '
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Figure 1: Location of Chiangrai City, Northern Thailand

GEOLOGIC SETTING

Chiangrai City is located in the northern part of Thailand, approximately 785 kilometers from
Bangkok. The city is situated on the Quaternary sediments of Kok River basin. The average
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elevation of the city is 580 meters above sea level. The study area covers almost the entire city
area and covering about 120 square kilometers. The geological map of the study area is shown in
figure 2. Both sedimentary and igneous rocks are found in the area. The sedimentary rocks are
limestone and some classtic rocks of Permian age. These rocks can be found mostly in north-west
and south-west of the study area also exposed on some small hills in the middle of the area. The
igneous rocks of both plutonic and volcanic rocks can be found in the north-western and south
eastern part of the area and also found as isolated spot in the middle and south western.

The Quaternary sediments found in the area can be divided into 5 units as shown in figure 2.
The flood plain on channel (Qfc) unit is found on or nearby Kok River channel. They consist
mainly of sand and silt with some clay. The flood plain (Qff) unit is found at a distance away
from Kok River in the southern part of the area and some in the north-western part. This unit
consists of mainly clay and silt. The natural levee (Qfl) unit is found in southern part of the area
and along the stream. The conlluvium (Qfv) unit consists of mostly gravel and sand and can be
found at the foot hill of the area. The terrace (Qt) unit of the Kok River is found at the southern
part of the area. This unit consists of sand and gravel.

In terms of seismicity, Chiangrai City is located in low to medium seismic hazard area. There
were several historic records of earthquare in the area (Nutalaya et al, 1985). The most recent
earthquake was the M6.3 of May 16, 2007 and the epicenter was located at about 100 km to the
east of Chiangrai City and the epicenter was in the northern part of Loa. This earthquake caused
some damages to several buildings in the city. Figure 3 shows the active faults in the northern
Thailand and the vicinity area (DMR, 2004). Mae Chan fault is considered to be the major threat
of the city because it can produce an earthquake up to M6 (Hinthong, 1997). Pattararattanakul
(2003) studied the amplification of soils in the city and found that the soils underneath the city
can amplify earthquake ground motion up to 3 times. Teachavaorainskul and Nuntasarn (2005)
also studied the liquefaction potential of soils in Chiangrai City area. The result has shown that
the unconsolidated sediments in some area of the city can be subjected to liquefaction of nearby
earthquake up to M5.
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Figure 2: The Geological Map of the study area and the MASW Test Sites (Black dots).
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(http://www.dmr.go.th/ewtadmin/ewt/dmr web/main.php?filename=fault En)

OVERVEW OF NEHRP SITE CLASSIFICATION

Several investigators have proposed methods for classifying soils and rock based on their
site-dependent amplification properties (Will et al. 2000, Borcherdt 1994, Borcherdt et al. 1991,
Tinsley and Fumal 1985, Joyner et al. 1981). Joyner et al. (1981), for example, proposed that site
conditions could be characterized using the average shear-wave velocity to a depth equal to one
quarter of the wavelength of the dominant frequency of interest. However, this method has not
been widely used, probably because it is relatively difficult to apply. Borcherdt et al. (1991)
simplified the method by demonstrating a correlation between ground motion amplification and
the average shear-wave velocity of the upper 30 m of sediments and/or rocks. Borcherdt’s method
has been incorporated into the NEHRP program. The current NEHRP approach categorizes soils
into class A, B, C, D, E or F based on their vertical shear-wave velocity profile, thickness and
liquefaction potential.

For the purpose of earthquake hazards investigations, according to NEHRP guidelines, the
shear-wave velocity of the subsurface must be measured or estimated to a depth of 30 m. The
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NEHRP shear wave velocity (Vs) assigned to the subsurface at a specific site is calculated using
the following formula:

Vs

— i=l
ji

=1 Vg

»

where:

Vs= the NEHRP shear wave velocity,
v;; = the shear wave velocity of any layer in m/s,
d, = the thickness of any layer (between 0 and 30 m)

Table 1 shows the site soil profile classification system used by NEHRP. Anderson et al.
(1996) evaluated the use of the average shear-wave velocity in the upper 30 m. According to their
work, attenuation affects ground motions as much as shear wave velocity, particularly for deeper
geologic deposits. Although attenuation is not directly included in the current NEHRP provisions,
it is account for in seismic hazard maps.

Table 1: Soil profile type classification for seismic amplification (BSSC, 2003)

|
Soil type | e Average shear wave
NEHRP General description velocity to 30 m (w/s)
A 4 Hard rock . > 1500
L _ . -
B Rock 760 <Vs<1500
| ,
¢ e DR -
C Very dense soil and soft rock _ 360 <Vs<760
l. D — - . —— — _—
D Stiff soil 15 <N < 50 or 50 kPa < Su < 100 kPa 180 < Vs< 360
E Soil or any profile with more than 3 m of soft clay defiled as <180
I soil with P1> 20, w > 40%, and Su <25 kPa. ) =
F I Soils requiring site-specific evaluations

N: SPT blow count, Su: Undrained shear strenghth
PI: Plasticity index, w: water content
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MASW TECHNIQUE

The surface wave (Rayleigh wave) has traditionally been viewed as an unwanted signal in
conventional seismic surveys and as such is normally discarded during data processing. Rayleigh
waves travel along or near the ground surface and are typically characterized by a low velocity, a
low frequency and high amplitude (Sheriff 1991). By inverting the fundamental mode of the
Rayleigh wave, the Vs profile of the soil column can be determined.

The MASW method was first introduced into the geotechnical and geophysical community
in early 1999 (Park et al. 1999). This seismic method generates a one-dimensional (1-D) vertical
shear-wave velocity (Vs) profile by analyzing Rayleigh surface waves on a multi-channel record.
The method utilizes energy commonly considered to be noise on conventional seismic surveys.
The acquisition of the 1-D MASW data was similar to conventional seismic data acquisition
(Figure 4). Generally, 24 low-frequency vertical-component geophones, placed at dx intervals,
were centered on each test location. The source usually an impact sources is place at X;. The
sources can be either a sledge hammer or accelerated-weigh drop. The seismic signal will be
detected by the geophones and sent to seismograph for recording and display.

Tows (2}
e D eyt o o o Y RE

e s e e T e

Figure 4: MASW data acquisition field setup (Park et al, 1999).

Figure 5 illustrates the processing steps of MASW data. Each set of Rayleigh wave data (24
channels data set for each station location) was transformed from the time domain into the
frequency domain using Fast Fourier Transform (FFT) technique. These field-based data were
used to generate site-specific dispersion curves (phase velocity versus frequency) for each station
location. The site-specific dispersion curves generated from the field-acquired Rayleigh wave
data were then transformed into vertical 1-D shear-wave velocity profiles (MASW shear-wave.
velocity profile) through an inversion method, which was explained in detail in Park et al (1999).
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Figure 5: MASW data process

ing steps 1) surface wave shot gather, 2) the corresponding

dispersion curve, and 3) the inverted shear wave velocity profile.

MASW DATA ACQUISITONS AND PROCESSING

In this study, the MASW data were collected at 30 sites throughout the study area. The site

locations are shown in Figure 2

. The data was collected with 24-channel geode engineering

seismograph. The 24 of 4.5 Hz vertical component geophones were used and each geophone was
placed with spacing of 2 m. The 12-1bs sledge hammer was used as a source and was placed at 10
m from the first geophone. Figure 6 shows the equipments used in this study. The acquired
Rayleigh wave data were processed using the Kansas Geological Survey software package

SURFSEIS.

a)

b)

d)

Figure 6: (a) engineering seismograph (b) Sledge hammer and metal plate (¢) Computer

laptop and (d) Geophones.
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SHEAR WAVE CHARACTERISTICS OF SOILS

Based on Vs profiles from 30 MASW test sites, the Vs, of each site were calculated by
using equation 1. Figure 7 shows the plot of Vs from different soil units and the mean of Vs,
of each units was also determined. The colluviums unit (Qt) has the highest mean Vs, about 427
m/s and can be classified as soil class C from NEHRP criteria (Table 1). This unit is found near
the foot hills in the study area. The natural levee unit (Qfl) has the mean Vs(30) about 409 m/s
and NEHRP soil class C can also be assigned to this unit. The valley plain (Qfv), flood plain
(Qff) and flood plain on channel (Qfc) units have Vs(30) of 354, 352, and 309 m/s respectively,
All of these soil units have the same NEHRP site class as D.

From Vs, of each test sites, the Vs of the study area can be generated and showed in
figure 8. The green color represents the zone of high Vs, values and the yellow tone color
represents the area of low Vs values. The high Vs, area are found at the central and south
western part of the study area. The soils of this area consist of cross-grained sediments of
colluvium and terrace ‘units. The floodplain and levee units are mostly fine grain sediments of
Kok river and small stream and generally have low Vs, Table 2 shows the mean Vs and the
NEHREP site classification of each soil units.

Table 2: NEHRP Site Classification of Soil Units for the Chiangrai City

Soil Units Mean Vs(30)(m/s) NEHRP Site Class
Qfc (Floodplain on channel) 309 D
Qff (Floodplain) 352 D
Qfv (Valley plain) 354 D
Qfl (Natural levee) 409 C
_ c _

Qt (Colluvium) 427
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Figure 7: Vs@g) of each test sites and mean of Vsggy of each soil units.
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NEHRP SITE CLASSIFICATION MAP

To create the NEHRP map, the Vs (30) of each test sites were calculated by using equation (1)
and these Vs (30) is also used to classify the soil classes based on the recommendations of the 2003
National Earthquake Hazards Reduction Program (NEHRP) as shown in table 1. Finally the
NEHRP site classification map can be generated. From Vsgg) data, there are only two classes
which are site class C and D as shown in figure 9. As seen on the map, the alluvium and levee
soil units are assigned as soil class D. The colluviums and valley plain materials are class C.
However, probably a half part of the city is situated on soil class D. From NEHRP
recommendation, the soils with the lower shear-wave velocity values, or the NEHRP soil class
letter farther from A, will experience more earthquake ground shaking than bedrocks due to the
wave-amplifying properties of the soil. This means that most part of city will more or less
experience soil amplification from earthquake ground motion.

CONCLUSION

This paper presents shear-wave velocity characteristic of different soil units throughout
Chiangrai City area. The Vs profiles were determined by using MASW method and were
collected at 30 sites. The test sites were selected to cover all five soil units. The Vs profiles of
each site were then used to calculated the Vs and NEHRP site classification assigned for each
sites.

The results reveal that the V30) values of the near mountain zone and the natural levee can be
classified as site class C with the average Vyasg) of 418 m/s. However, the northern valley plain
and eastern floodplain which cover most of the study area are classified as site class D with the
average Vy30) of 338 m/s. Based on the site classification map, we can conclude that the main part
of the study area is under substantial risk of soil amplification.

The NEHRP map provides the preliminary information on the soil conditions of the city. It
can be used for city planning and the Vs profiles can also be used for site amplification evaluation
and seismic hazard study. Although the map represents the first kind of this map of the area, it
still has some limitations. As seen in figure 3, the MASW test sites are not distributed uniformly
throughout the study area. This is because there is some limitation of the budget and the difficulty
of acquiring MASW data in the highly population area. Therefore, a great care must be taken
when using this map particularly when dealing with site-specification evaluation in the city area.
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