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Liquefaction Susceptibility in the Northern Provinces of Thailand
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Abstract: Problem statement: There are quite a few active faults recently foimthe western and
northern parts of Thailand, which could possiblduoe earthquakes of magnitude jMf 5.5-6.5.
Although seismic design code has been enforceukimtea since 1980, the fundamental knowledge on
dynamic soil behavior has not been extensivelyirsth Approach: Collection of existing borehole
information in the targeted areas to form a typgahsoil profile. This borehole information, togeth
with analytical result obtained from logistic regs®n based on worldwide liquefaction database was
used to conduct an effective stress analygsult: Literature reviews of the existing boreholes from
the two largest provinces in the north, Chiang-Maid Chiang-Rai, revealed that the areas were
underlain by layers of loose to medium dense sandd at shallow depths. The corrected SPT N-
value of those sand layers varies in the range-20.5A simple tool correlating the liquefaction
probability, which correlated excess pore watesguee and peak ground acceleration, was proposed
for the studied area€onclusion: The proposed correlation provided preliminary twokvaluate risk

of the shallow foundation from partial liquefactionthe two northern provinces of Thailand.
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INTRODUCTION Table 1: Examples of recent earthquakes felt irildhd
Date Magnitude Center Were Felt at
Not until recently that Thailand becomes aware ofApril 22,1983 5.9 Kanchanaburi,  Bangkok, Western
the threats from earthquakes. There are quite a few Thailand and northern parts
moderate earthquakes being felt (Table 1) in Thelila November6, 7.3 Southern of Bangkok, Western
Epicenters of those recent medium earthquakes were®8 kcn:"]f:sn(ql'ooo and northern parts
located in the northern and western parts of thatry. Bangkok)
Warnitchai and Lisantof® formulated a database September 29- 5.3-5.4 Western part Bangkolsteve
containing instrumental data of earthquakes frorh019 ?gé%ber 1, Sevkefal and northern parts
o . . quakes

1989 within the regions bounded by latitudédN 3o September 11, 5.5 Phan District  Northern parts

o ; Y i 1994 (Northern part)
2h5 N andhlonglltudesfg’(lf to _11(? E. Th?y |nd|ca_t<;d January 22, 75 Sumatra lsland  Bangkok
that earthquakes of magnitude Mof 6.5 witl 2003 (1,000 km
maximum ground acceleration of 0.2g may occur @& th from Bangkok)
northern and western parts of Thailand (Fig. 1)the  September 22, 6.6 Burma(850 km  Bangkok and
northern parts of Thailand, especially the two dmtg 2993 from Bangkok) and northern parts

provinces, Chiang-Mai and Chiang-Rai, are generally

underlain by layers of loose to medium dense samds Although full initialization of liquefaction may nde
shallow depths (2-8 m from ground surface) asthe case, partial development of excess pore water
schematically shown in Fig. 2. Its existence iflifia pressure might cause damages to 2-3 stories housing
infers certain levels of liqguefaction risk. Thissheeen  which is normally built on shallow foundation orosh
further confirmed by evidence showing trace ofpiles. In the present study, a preliminary study to
liquefaction (Fig. 3) found from a trench explocatin ~ explore the liquefaction susceptibility of the sadi

the area. areas was initiated. Integration among field patanse
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Fig. 1: Seismic source zones in Thailand and wigini

(Warnitchai and Lisantond)
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Fig. 3: Evidence of indicating the occurrence qtifaction the northern area of Thailand

probabilistic study and dynamic analytical resuls
used as a primary tool for detail evaluation.

MATERIALSAND METHODS

components listed below were to be integrated tjinou
the logistic and effective stress analysis to foam
general guideline for indicating liquefaction pdiehin
the studied area. Those three main components are;

Fig. 4 shows the general methodology adopted in Subsurfaceinformation: Around 50 existing boring

the present study. To follow the procedure, threénm

logs were collected from each province. Exampfes o
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Analysis of borehole Cyelic triaxial tests Existing liquefaction
information catalogue
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Fig. 4: General methodology adopted in the present

study
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Thickness (m)
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Dense Sand  IT=49 14
Suff Clay =131 17
Dense Sand  IT=60 14

(a)

Thickness (m)
Soft Clay =73 15
Loose Sand =3 0.5
Medinm Sand M= 16 28
Stiff Clay WM=33 74
Medium Clay M= 25 2.9

(b)
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Fig. 5: Examples of the soil profiles and soil pedjes
collected from Chiang-Mai (a); CMI BH1 (b):
CMI BH2 (c): CM2 BH1 (d): CM2BH2

the boring logs are shown in Fig. 5 and 6. The Gilbs

in both provinces are subject to wide variation.
Nevertheless, layers of loose to medium dense sands
are found at depths of 2-8 m in most of the ardee T
average diameter, 5 of sands varies in the range of
0.2-1.5 mm.

» Laboratory determination of liquefaction resistance
Cyclic triaxial tests determining the liquefaction
resistance of were conducted using typical sand
samples to obtain some effective stress parameters
required in the effective stress anal(fsis

« Existing liquefaction databdde Since there is no
liquefaction database existing for Thailand, the
worldwide liquefaction database is used as a
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Fig. 6: Examples of the soil profiles and soil peajes collected from Chiang-Rai (a): CR1BH1 (bRZBH2
(c): CR3BH1 (d): CR3BH2

reference for determination of other related patarse These methods range from purely empirical to lyighl
analytical and require various degrees of laboyator
Logistic model for evaluation of liquefaction  and/or in situ testing. The most common approadch is
potential: Liquefaction occurs primarily in loose to use a deterministic chart expressing the relatipnsh
medium dense saturated sands found at shallow .deptbetween the corrected SPT N-value and the Cyclic
Its occurrence is a function of soil type, relattlensity,  Stress Ratio (CSR). A deterministic line is subjesy
age, amount of Clay Fraction CF, and intensity andirawn to separate events of liquefaction phenomena
duration of the earthquake motidn In the past Juanget al.”! applied the logistic regression model to
decades, several methods have been proposed deeate probability function of liquefaction eventhe
evaluate earthquake liquefaction potential. logistic regression is considered more appropriate
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events with only two occurrence patterns, i.e., 1.0 . .
liquefaction or non-liquefaction. In the presenho%t, 2 gl 0509 070503/ 01 UJ'-”'—*! 0.05
the liquefaction database complied by Lieb al.®, [ / i / .;’r. ‘f/-“’fff’ Clean sand hase curve,
which composes of 278 case studies was used a # 03 AV (,g iy ;’J;.fg"'rglod-.f:edfmmseederﬁ
reference for conducting the logistic regression 2 0.7 ,r'|’/ A 7777 /’“ y
analysis. Among the 278 reported cases, 120 eaeats £ 0.6 /¢ - Wef L1 L . L
from Japan, 100 events from California, 20 everdmf U ogs : fo
China, and 38 events from other locations arourd th . ~ P
world. s 04 )

Each event in the database is represented thmugh % 03
binary variableY which indicates whether liquefaction — # g3 Lot
does occur Y = 1) or does not occurY(= 0) and a % b= ” o Ok
vector expressing the physical variables, 5\00 .
X =[X, X 2,...,Xm]T . An observation (event) is then ’ 0 50

written in a short form asY,X). Compilation of n
events obtained from the database enables to diine
liguefaction probability function® ) as;

Corrected SPT value (1))

Fig. 7: Contours of equal probability of liquefasti(R)
for magnitude, M =7.5

In[%]:ﬁo*'&xl*""*'ﬁmxm (1)
h o ;g “0gs | 03509 0705 03 | 01 a0s| oo
Where: P = The probability that liquefaction will = 08 /f 4 /E/‘? f; , il _ﬂ;:'ﬁ?j‘gi?:fﬁ?-_
] s _ - . -", 3 Tk
occur andB, = A regression constant. ‘jEU s SN e A SIS S ;f,/"
9] U.ﬁ ® f‘( S w ‘.,f - 7 djl,
P v £ | Pl
RESULTSAND DISCUSSION g gi v T IR T S .
= . Bah wa 'd
The most common set of physical variables % 03 ﬁf{{j{{ -~ “
adopted in several liquefaction studies is the €ycl % 0.2 el
Stress Ratio (CSR) and the corrected SPT resistance = 0.1 qET, e R
The following probabilistic equations provide thesb & 00, 10 o0 20 40 a0

fit to the database. Corrected SPT value (Mg

For earthquake magnitude of 7.5: ] N ) )
Fig. 8: Contours of equal probability of liquefamsti

(P) for magnitude, M =5.5

In( A J=9.119— 0.243(N 3+ 3.4581 CSR)  (2)
: Fig. 7 and 8 show the set of probability curvesrosf
For earthquake magnitude of 5.5: by _Eq. 2 and 3, toget6her with the dgterministictem'rzi_a
defined by Seedt al.”! The correlation of regression
for Eq. 2 and 3 is 0.637. The success rate in
classification of liquefaction from both equatiors
greater than 80% for both liquefied and non-liqeefi
cases. It can be seen that the probabilistic Itn &

In[ R ]=6.354— 0.242(N ),+ 3.450lh CSR)  (3)

R

Where; 30% well traces the deterministic criteria proposgd
Seedket al [,
(N, Since Chiang-Mai and Chiang-Rai are Iocatef'h@corrected s

the moderate seismic zone which probable causes
earthquake magnitude (M of 5-6 (Fig. 1), Eq. 3 is
CSR,, = The cyclic stress ratio generated at the site therefore more appropriate as the probability
normalized to a magnitude of 7.5 correlation. The factors of safety computed follogyi
CSR,, = The cyclic stress ratio generated at the siteseedet all”! at various values of,Rean then be obtained
normalized to a magnitude of 5.5 (Table 2). Based on this simplification, atdf 5%,
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Table 2: Summary of the estimated values of faofasafety based ~_Table 3: Model parameters (ietial. )

on the procedure proposed by Seed. Parameter Value Type of Mechanism Kind of the Patam
- - : - Kma See Table 4 Elastic volumetric  Rebound modulus

Ch|angMa| ______ Chiang-Rali Guma See Table 4 Elastic shear Shear modulus
Site Factor of Safety Factor of Safety O, 15° Plastic shear Shear resistance angle
no. Site b, See Table 4 Plastic dilatancy ~ Phase transformation

PL=5% R =10% R =30% no. P=5% R =10% R =30% |
angle
% 821 82; 832 % i;g ?71(2) ggg Hm See Table 4 Plastic shear Hysteretic damping
3 066 082 121 3 201 250 370 factor lat 'alrge shear
4 126 156 231 4 084 1.03 1.53 o strain leve
5 1.68 208 308 5 036 045 067 p1 0.6-0.7 Plastic dilatancy 'In|t|al phase of
6 057 070 103 6 060 074 110 - dilatancy
7 1.23 1.52 2.25 7 1.00 1.24 1.83 P2 0.4-0.8 Plastic dilatancy .Flnal phase of
8 08 102 151 8 099 123 182 o dilatancy
9 064 0.79 117 9 126 157 2.32 A 9.5-38.5 Plastic dilatancy Overall dilatancy
10 0.89 1.10 1.63 10 0.77 0.96 1.42 S 0.005 Plastic dilatancy Ultimate limit of
11 1.23 152 225 11 049 0.61 0.90 o dilatancy
12 1.80 223 3.30 12 1.05 1.30 1.92 G 1.0 Plastic dilatancy Threshold limit
13 1.66 2.06 3.06 13 0.86 1.06 1.57
14 0.69 0.87 1.27 14 0.50 0.63 0.93 . . . L
15 0.87 1.08 1.60 15 105 130 1.93 Table 4: Fundamental soil properties used in aislys
16 050 062 092 16 1024 1272 1881  Soiltype Formulation Reference
17 052  0.65 096 17 0.78 0.98 1.44 Soft clay \{ = 68.7.9”%°(m sec?) DickensoH!
18 0.58 0.71 1.06 S=tm?
19 142 1.77 2.61 Medium V; = 96.926.N°%(m sec?) Imai and
20 0.81 1.00 1.48 to stiff clay N, = Uncorrected SPT N-value  Tonouhi
21 109 135 1.99 Silty sand \{ = 56.388.\° (m sec?) Seeckt al ™!
22 1.03 1.29 1.91 N. = Corrected SPT N-value
23 195 243 3.59 Sandy soil \=100.584. N*°(msec")  Sykora and
24 085  1.05 1.55 . = Corrected SPT N-value  Stokde
gg 282 22% %gg Strain dependent - Vucetic and
: : : characteristics of Doby!

27 1.06 1.31 1.93
28 0.45 0.56 0.83
29 0.86 1.07 1.58

shear modulus
and damping ratio

2G(1+v)

Kma Kma = _3 -2 (kPa) -
there are more than 80% of the sandy sites being (_ ) _
subject to a certain level of liquefaction susdaifity. U = Passion’s ratio = 0.33

Gma Gma = pwj (kPa)
Analysis for estimation of excess pore water P = soil density -
pressure: The analytical result clearly indicated certain 9» 28 degrees Ishihdfd
levels of liquefaction risk in the studied area.idt Hm 0.30 Ishihard®

therefore necessary to somewhat quantify the Tibke.
most common and direct method is to evaluate the ;

possible amount of excess pore water pressure hwhic . g3 -£|.| ___ _C::;hd-
requires the effective stress analysis. The compute © os L tsdsh | -

B - . = __1'\ | | Dr=7-30%
program called “FLIP (Finite Element Analysis Of 5 05 L |
Liquefaction Program)” developed by lei al.”! was % 0.4 1-D=07m ] \ ™

£ |eme0ss Mo | T
used. L) Y B S i, -
The effective stress model used in “FLIP” requires 2 02 [ya=171 tr A s
; : : Lo B [taasl A0t L py—sssm

ten parameters which specify elastic propertiesstd 01 [
shear behavior and dilatancy (Table 3). The elastic ! A |||||
properties were computed based on the correlations 10 100 1ono

. K i : No. of Cycles, N
given in Table 4, while the others were determined

from trial the analytical result to the undrainegtlc ] ] . ]
triaxial tests (Fig. 9). Due to the lack of stromgtion Fig. 9: Test and computed liquefaction resistance
record in Thailand, the recorded waveform of El-tGen curves
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will be used for the analysis. The analytical pchae 1o o’ b o
of a site was conducted as following; % P [T
s o08 e
* Determine the minimum value of SPT of the é o tfee I
computed site, & - 06 . !
» Select cyclic stress ratio (CSR) and fom the . 5 .
probability curves (Fig. 8), § 5 04 X
+ Determine the maximum ground surface acceleration » e
(anay) from the simplified equation proposed by Seed & S le b Chiang Mai sub soils P05
etal[7] as: ﬁ 0.2 e © hqlLlnz_oLim:E[_C:uiro [
E J Predominant period = 0,68 sec .
09 ' L
CSR =2 = 0,65 v [fmar y @ 0.00 0.10 0.20 030 0.40 0.50 0.60 0.70 080 090 1.00
T 0, o, 0 Max. ground acceleration (g)
Where: Fig. 10: Relationships between maximum ground
acceleration and maximum pore water pressure
o, = Total overburden pressure on sand layer under ratio for Chiang-Rai
consideration
o, = Initial effective overburden pressure on sand
layer under consideration. g W ol -
e s )
The termr, was calculated following Liaet al.”! as: £ o3 S —
8
r,=1.0- 0.00765; forz<9.15 m (5) §‘5 0.6 P I
=23
r,=1.174- 0.0267: for9.15 m<z<23 m (6) B <04 ]
g A Chiang Rai Sub soils -
« Randomly scale the input maximum base = 03— Input motion: EI Centro  — FL-001
. . b . Predominant period = 0.68 seg T 20!
acceleration so that the computed maximum ground = | | ;
acceleration was similar to the prescribed valvemyi 000 010 0.2 030 040 050 060 070 080 030 100
by Eq_ 4. Max. ground acceleration (g)

The total of twenty-nine sandy sites within Chiang Fig. 11: Relationships between maximum ground

Mai City and seventeen sandy sites within Chiang-Ra acceleration and maximum pore water
City were analysed. Fig. 10 and 11 show the typical pressure ratio for Chiang-Rai

analytical results by plotting the maximum excessep

water pressure ratioAu/c,, against the maximum CONCLUSION

ground acceleration. In case where = 30%, large

values of excess pore water pressure ratio wasnebta
from most sites. This is not applicable to the asirece
amnax IS much greater than 0.2g (which is the most yikel

maximum ground ' acceleration indicated from . the iquefaction database was used to form the proiséibil
recorded earthquakes). Whep was reduced 10 5%, poq0 correlation between cyclic stress ratio aadShiT

for ana<0.29), the excess pore water pressure ratio ifesistance. It was found that with Bf 5%, there are
the range of 0.1-0.4 can be observed. The tempora’pme sites prone to partial liquefaction with theess
reduction in effective stress can directly decrett® pore water pressure ratio varies in the range bf @4.
bearing capacity of the sandy soil layers. Thelshal This may cause discernible damage to the 2-3 storie
foundation or short pile built in the areas shouldhousing which is general rest on shallow foundation
therefore be compensated for this temporary eff&ct. short piles. The temporary increase in excess pater
proper safety margin of about 1/0#6 1.3) should be pressure should be compensated by providing a prope
multiplied to the conventional factor of safety. safety margin.
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The liquefaction probability due to medium
earthquakes in the northern parts of Thailand,
particularly Chiang-Mai and Chiang-Rai, were stddie
Logistic regression model based on worldwide
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