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Abstract 

Due to the soft soil condition, it has been found that buildings in Bangkok locating 200 km away from 

epicentral of an earthquake can be damaged as a result of high ground motion (e.g. earthquakes of 

magnitudes 5.3-5.9 in 1983). Because of rapid urban expansion and population growth in cities with 

soft soil condition, such as Bangkok, the assessment of seismic vulnerability of building structures 

becomes necessary. The purpose of this study is to quantify variability and develop attenuation and 

amplification models of ground motions for Bangkok sites. First, by analysing soil profile of Bangkok 

using Latin Hypercube sampling technique, critical attenuation and amplification characteristics, 

such as peak ground acceleration, ground motion intensity, frequency content and significant 

ground duration, were obtained. Then, the statistical information on the attenuation and 

amplification models of these characteristics was established and used to conduct a series of 

non-linear seismic analysis of a typical four story commercial building in Bangkok. The 

research outcomes demonstrate that the developed models are capable of predicting the 

damage indices of buildings in Bangkok under different earthquake intensities and epicentral 

distances. 

Key words: Latin Hypercube sampling, Attenuation and amplification models, soft soil, Bangkok 

seismicity 

 

1. Introduction 

Thailand is located in the Eurasian plate which is close to the Andaman-Sumatra-Myanmar plate 

boundary. In 1983, a number of moderate earthquakes of magnitude 5.3-5.9 struck the western 

province of Thailand. The epicentral distances of the previous earthquakes that occurred along this 

plate boundary are approximately 400-800 km from Thailand (Samuthsakorn 1983). The joint 
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research work of the Department of Mineral Resources (Thailand), Chulalongkorn University 

(Thailand) and Akita University (Japan) provided a significant contribution to the understanding of 

the potential active faults in Thailand (Hinthong 1995; Kosuwan et al. 1999). Fenton et al, (2003) 

identified a few active faults by carrying out paleoseismic investigations in Northern and Western 

Thailand. By studying seismicity around and within Thailand, Warnitchai and Lisantono (1996) 

suggested an attenuation relationship. Based on 21 zones identified by Charusiri et al. (2004), Palasri 

(2006) developed a new probabilistic-based seismic hazard map for Thailand by implementing the 

strong ground motion attenuation  model of Petersen et al. (2004). Using a new probabilistic 

approach, Frankel (1995) developed a seismic hazard map for Thailand representing crustal fault and 

subduction zone models, while Ornthammarath et al (2011) developed a new set of probabilistic 

seismic hazard maps based on latest US National Seismic Hazard Maps. These methods strongly 

depend on equality of the earthquake catalogue and smoothing parameters. Since information on the 

available earthquakes catalogue for Thailand is not very well established and development of 

attenuation and amplification models is an alternative method to derive the effect of seismicity in the 

particular site, this study utilizes the derivation of attenuation models for soft soil conditions in 

Bangkok, Thailand. 

The seismic vulnerability and reliability assessment of structures normally begin with defining 

seismicity and hazard potential around the site of interest. Gutenburg and Richter’s empirical formula 

(Gutenberg and Richter 1956) is often used to study seismicity around the area of interest. Earthquake 

magnitudes can be transferred to peak ground acceleration by an attenuation model appropriate for 

site conditions. While strong ground motion attenuation models were developed by Petersen et al 

(2004) for subduction zone earthquakes, model developed by Sadigh et al (1997) could be used for 

shallow crust earthquakes. With consideration of the variability of the probability distribution of peak 

ground accelerations, a number of attenuation models have been developed empirically based on 

statistical regression analyses of earthquake ground motions (Lai 1982, Petersen et al 2004, Sadigh et 

al 1997). However, most of these studies are only applicable for stiff ground sites and on rock sites 

due to the availability of historical earthquake data (Dobry et al. 1978; Lai 1982; Seed et al. 1976; Tso 

et al. 1992; Vanmarcke and Lai 1980). For the soft soil conditions such as Bangkok, the development 

of adequate attenuation models becomes necessary. The study of Nutalaya and Shrestha (1990) 

showed that Estava model (Esteva and Villaverde 1973) may be one of the applicable attenuation 

models to overcome the model limitation. However further development work is still required in order 

to correctly simulate the soft soil conditions in Bangkok, Thailand. Therefore this study focus on 

developing attenuation and amplification models for these types soft soil conditions in Bangkok. 
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2. Methodology 

Earthquake ground motions are normally not readily available at the site of interest. Two approaches 

are available to quantify the earthquake ground motions and its inherent variability. One is to study 

the fault rupture, energy release mechanism, wave travel-path geology and local site conditions. The 

second approach is to investigate historical earthquake ground motions and establish the relationship 

between earthquake magnitudes, distances and the governing parameters of earthquake records. Since 

the information regarding the geological structures is not precisely known in Thailand, the 

variabilities of the parameters are quantified by statistical analysis of the historical earthquake 

records.  

The procedure adopted in this study is summarised as follows. 

 Selection of a potential earthquake magnitude (M) and epicentral distance (R) 

 Establishment of attenuation or amplification models of peak ground acceleration (aD), 

ground motion intensity (I0), significant ground motion duration (S0), damping coefficient (ζg) 

and predominant frequency (fg).  

 Quantifying the variability associated with the attenuation and amplification models of the 

parameters aD,  I0,  S0,  ζg, and fg.. 

 Sampling representative values from the variability and match the sampled data by the Latin 

Hypercube sampling technique.  

 Simulating a series of earthquake ground motions representing variability of earthquake 

ground motions.  

 Conducting a  case study for a typical 4 storey commercial frame building in Bangkok using 

the developed attenuation and amplification models. 

For the sensitivity analysis of this study, the epicentral distances of 50, 100 and 150 km from 

Bangkok were considered. The magnitudes of M=5.5 and M=6.0 are likely to occur in the small faults 

to the west of Bangkok and M= 6.5 is chosen for assessing the extreme condition. Table1 shows the 

different combination of magnitude and epicentral distances used for investigation in this study. 

Table 1: Earthquake magnitudes and epicentral distance for sensitivity analysis 

M Return Period (years) Sources to Bangkok (R, kilometers) 

5.5 67.7 50 100 150 

6.0 334.3 50 100 150 

6.5 2636.5 50 100 150 
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Although many attenuation and amplification models of ground motions have been proposed in the 

past (Warnitchai and Lisantono, 1996, Sadigh, 1997), the information on attenuation and 

amplification model errors is not readily available. In this study, the errors of attenuation and 

amplification models were expressed in terms of error coefficients. To include the variability of 

earthquake ground motions in attenuation and amplification models, the error coefficients were 

expressed in terms of the statistical means, standard deviations, coefficients of variation and 

probability distributions.  

Attenuation and amplification models for stiff ground and rock sites are developed first and then are 

modified for soft soil sites as Bangkok which is located on soft soil. One of the most important 

parameters in modeling earthquake ground motions in a stochastic process is the standard deviation 

(σ) of the amplitudes or the variance value (σ
2
). In this study, the variability of σ

2
 values are modeled 

to make the variability of the ground motion intensity consistent with the variability observed from 

actual earthquakes.  

To study seismic risk in Bangkok, the amplification of ground motion intensity due to soft soil was 

accounted for. The soil underlying Bangkok and its vicinity area is classified as soft soil types. In this 

study, the soft soil is assumed to be excited by underneath rock motions and shear waves propagating 

towards top soil. The variability of rock motions developed in this study is assigned as the variability 

of rock motions. Three different soil profiles (typical profile is shown in Figure 1) are selected to 

represent the variability of soil deposits in Bangkok. The response motions are analysed in order to 

establish attenuation models of peak ground acceleration, the 90% ground motion intensity, 

significant ground motion duration and frequency content of ground motions for Bangkok sites. The 

variabilities of attenuation and amplification models were statistically quantified.  Seismic response of 

soil was determined mainly by shear modulus and damping characteristics. Some available 

characteristics for clay soil were used in this study to perform the seismic analysis of soft soils in 

Bangkok. 

The computer programme SHAKE was employed to perform the soil response analyses (Schnabel et 

al. 1972). The program is based on one dimensional wave propagation theory. It considers the vertical 

propagation of shear waves through linear viscous elastic system. The system consists of ‘N’ 

horizontal layers which extend to infinity in the horizontal direction and has a half space as the bottom 

layer. Each layer is assumed to be homogeneous and isotropic and is characterized by the thickness, 

mass density, shear modulus and damping coefficient. The non-linearity of shear modulus and 

damping were accounted for by using an iterative procedure to obtain the values of shear modulus and 

damping compatible with the effective shear strains in each layer. 

The soil profile in Bangkok can be described as follows. 
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1. Weathered zone of dark grey clay which forms an apparently hard crust to a depth of about 

4.5 m. 

2. Soft, highly compressible, dark grey clay beneath the weathered zone to a depth of about 10 

m. 

3. Stiff clay, often fissured, light grey and brown in colour, to approximately depth of 15 m. 

Sand and gravel beds, with some sandy clay, which occur alternatively to an indeterminate 

depth at least 300 m. 

General soil properties obtained from samples taken from the depth of 6m to 8m are given in Table 2. 

Table 2: Properties of Bangkok soft clay 

Properties Quantity 

Natural water content 119-131% 

Natural void ratio 3.46-3.60 

Degree of saturation 96-100% 

Grain size distribution  

Sand 1-9% 

Silt 26-32% 

Clay 64-72% 

Specific gravity 2.65-2.765 

Liquid limit 111-125% 

Plastic limit 42-50% 

Activity number 69-75 

Liquid index 0.96-1.08 

Colour Greenish grey 

Soluble salt content 13.1-15.2 gm/litre 

Organic matter 3.30-3.55% 

pH 8.6-8.8 

 

The variability of soil profiles considerably affects the variability of soil response. Three soil profiles 

were initially investigated by exciting by a rock motion of the 1985 Mexico earthquake. The response 

spectra of the three response motions indicate that soil response is not affected if soil profiles are not 

significantly different. This characteristic has also been reported by Arango Ad Dietrich (1972). A 

typical soil profile for Bangkok used in this study is shown in Figure 1.  
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Figure 1: Bangkok soil profile 

2.1 Latin Hypercube sampling (LHS) 

One of the major problems in the analysis of complex models arises from the uncertainties and the 

complexity of the input variables. Uncertainties exist as most of the input is based on statistical data. 

In addition, the complexity of the modeling makes the relationships among the input variables not 

mathematically tractable. Therefore, it is desirable to perform sensitivity studies of the input-output 

relationships. The variability of input variables can be sampled by a sampling technique. 

Latin Hypercube sampling was developed by McKay et al. (1979) and originally designed for use 

within the sensitivity analysis of computer simulations.  As this method of sampling requires only a 
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small number of input samples to run, this is a practical benefit. The LHS method is described below 

for “k” input variables that are of interest and “N” samples that are required.  

Each input variable ‘X’ gives a probability density function f(x) and domain [xmin, xmax]. This domain 

is divided into N equal disjoint intervals, each of ones with its own minimum ‘xmin and maximum, 

xmax. Thus, 

},....,2,1{,)(
1

max

min

Ndxxf
N

i

i

x

x

          (1) 

‘xi,min’ and ‘xi,max’ are iteratively determined if  

0)(:inf(min,  xFxxi          (2) 

{1,2,...N}i,
1

( min,

1

max, 







 

N
xFFx ii        (3) 

1}-{1,2,....Ni,max,min,1  ii xx         (4) 

As cumulative distribution functions are used in this iteration, it only needs to be slightly adapted for 

use with discrete variables. Given any ‘i’ a new random variable can be determined ‘xi ’ with a 

probability density function (PDF) of: 
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A single sample ‘xi’ for each input variable (X) is taken from each of the ‘N’ new random variables 

(xi). 

Monte Carlo and Latin Hypercube sampling techniques were conducted to compare the results for 

error coefficient of peak ground acceleration with 10, 25, 50 and 1000 sampling sizes. Error 

coefficient with samples of 50 is shown in Figure 2. It is clear from the figure that better results are 

predicted from Latin Hypercube sampling with lesser samples compared to Monte Carlo sampling 

technique. 
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Figure 2: Comparison of Monte Carlo sampling and Latin Hypercube sampling with 50 intervals for 

error coefficient of peak ground acceleration 

3. Results and discussion 

3.1 Characteristics of attenuation and amplification models for rock sites and stiff ground sites 

3.1.1 Peak ground acceleration  

Attenuation models of peak ground accelerations have already been developed by many researchers. 

Most of the attenuation models provide maximum acceleration at ground surface. These models 

incorporate the effect of local soil conditions. Seed and Idriss’s (1969) attenuation model provides 

peak ground accelerations at rock sites. Esteva and Villaverde’s model (1977) fits the data recorded 

on soil reasonably well. These peak ground acceleration data for stiff soil sites have been obtained 

from the data available in Seed et al. (1976), Dobry et al. (1978), Vanmarcke and Lai (1980), and Tso 

et al. (1992). Seed and Idriss (1969) attenuation model was used to fit the peak acceleration data 

recorded on rock sites and it was observed from this study that attenuation model provides lower 

values than recorded values. Hence the model was modified accordingly as shown below.  

For rock sites 

                                 (7)  

Ln(Ca)= N(-0.09, 0.63) and Cov(Ca)= 0.69  

For stiff ground sites 

                                  (8)  

Ln(Ca)= N(0.0, 0.50) and Cov(Ca)= 0.53 

Where M is the Richter magnitude, R is epicentral distance and Ca is error of coefficient. 
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It was observed that error coefficient Ca and the error coefficient Ca of maximum accelerations 

recorded on rock sites is log-normally distributed. Figure 3 depicts the cumulative probability 

distribution of the error coefficient of the peak acceleration on rock sites. 

. 

 

Figure 3: The cumulative probability distribution of the error coefficient of the peak acceleration on 

rock sites 

 

3.1.2 90% ground motion intensity 

Vanmarcke and Lai (1980) studied the total ground motion intensity,     of 140 earthquakes recorded 

on rock and stiff firm ground sites. The total ground motion intensity reported by Vanmarcke and Lai 

(1980) was used in this study. Figure 4 shows plots of Io for rock sites for M= 5 to 6. The attenuation 

formula suggested by Kumamura and Galambos (1989) for    was modified to fit the Io data and the 

modified formula is given in Equations 9 and 10. The probability distribution of the error coefficient 

CI is obtained by the statistical analysis of the residuals from the model. The probability distribution 

of the error coefficient is tested by the Kolmogorov-Smirnov (K-S) method (Ang and Tang 1975). 

The error coefficient (CI) of the 90% ground motion intensity Io for stiff soil sites and rock sites are 

shown to be log-normally distributed. 

For rock sites 

                                      (9) 

Ln(CI) = N(-0.0, 0.85) and Cov(CI)= 1.03 

For stiff ground sites  

                                (10) 
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Ln(CI) = N(-0.47, 1.73) and Cov(CI)= 1.35 

 

 

Figure 4: Attenuation of the 90% ground motion intensity, Io, for rock sites 

3.1.3 Significant ground Motion Duration, So 

The significant ground motion duration data were employed to develop So models and quantify the 

model variability. Equation 11 and 12 were derived to fit So data for rock sites and stiff firm ground 

respectively. 

For rock sites 

                                   (11) 

Ln(Cs)=N(0.6, 0.707) and Cov(Cs)=0.818 

For stiff ground sites 

                                  (12) 

Ln(Cs)=N(-0.3, 0.83) and Cov(Cs)=0.9531 

Where Cs  is error coefficient for significant ground motion duration, So 

It was noted that the significant ground motion duration increases when epicentral distance increases. 

Significant ground motion duration of recorded earthquakes on soil for 5.0<M<7 and curve plotted 

with modified equation for rock sites are shown in Figure 5 and cumulative probability distribution of 

the error coefficient of significant duration for rock sites is shown in Figure 6 respectively. 
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Figure 5: Significant ground motion duration of recorded earthquakes on soil for 5.0<M<7  

 

Figure 6: The cumulative probability distribution of the error coefficient of So for rock sites 

 

3.1.4 Frequency Content in Earthquake Motions 

To model frequency content of an earthquake ground motion, Kanai-Tajimi’s (KTJ) power spectral 

density function is the most commonly used among the available power spectral density (PSD) 

functions. The parameters required in the PSD are the predominant frequency,   and the damping 

coefficient,   . Although this model was used by many researchers and because Kanai-Tajimi’s power 

spectral density function is not consistent with power spectra of actual earthquake motions, Clough 

and Penzien (1993) suggested that the KTJ power spectral function should be filtered with an 

appropriate transfer function. In this study, modified KTJ power spectral function was utilised to 

make it consistent with observed earthquake power spectra. 

To model the frequency spectra of earthquake motions, twenty earthquakes recorded on different sites 

as shown in Table 3 were synthesized through a Fast Fourier Transform (FFT) procedure.  
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Table 3: Earthquake records for frequency spectral analysis 

Earthquake Location 
Site 

Condition 

Distance  

(km) 

   

Hz 

   

Rad/sec 
   

1. Cape Mendocio, US, 1975 (VH01) Rock 30 6.2 39 0.15 

2. Honshu, Japan, 1968 (VH03) Rock 81 6.0 33 0.2 

3. Honshu, Japan, 1968 (VH04) Stiff 81 5.6 31 0.3 

4. Honshu, Japan, 1968 (HI15) Rock 116 4.0 38 0.8 

5. Honshu, Japan, 1978 (LO03) Stiff 112 0.80 5 0.79 

6. Lae, 1971 (LEA.5A) Incomplete Unknown 4.8 32 0.43 

7. Mexico, 1985 (SCT1.NS) Rock 415 0.7 4 0.4 

8. Musa, 1972 (MUSA.1B) Rock Unknown 3.63 23 0.21 

9. New Zealand, 1968 (NZQ 02T) Stiff Unknown 4.5 10 0.45 

10. New Zealand, 1973 (NZQ 10T) Stiff Unknown 2.3 12 0.8 

11. New Zealand, 1977 (NZQ 20T) Rock Unknown 2.0 25 0.6 

12. San Fernando, 1971 (Q53) Incomplete Unknown 2.8 17 0.6 

13. Tangshan, China, 1976 (VL02) Stiff 172 1.8 5 0.6 

14. Tangshan, China, 1976 (VL04) Rock 373 1.0 10 0.62 

15. Tangshan, China, 1976 (VL08) Stiff 122 1.2 3 0.8 

16. Yonki, 1968 (YONKI.3A) Incomplete Unknown 5.1 27 0.4 

17. Yonki, 1969 (YONKI.6A) Incomplete Unknown 4.61 29 0.3 

18. Yonki, 1969 (YONKI.7A) Incomplete Unknown 4.93 33 0.3 

19. Yonki, 1970 (YONKI.8A) Incomplete Unknown 4.29 31 0.3 

20. Kobe, 1995 (FUK000) Stiff 157.2 0.9 31 0.6 

 

The Kanai-Tajimi power spectral density function was modified and the values of the parameters, 

predominant frequency and damping coefficient were selected by trial and error to fit the modified 

power spectrum to the normalized power spectrum. The modified Kanai-Tajimi power spectral 

density function is given in Equation13. 

       
        

     
  

 

       
  

 

     
     

  
          (13) 

 

Where C is a constant, fg is the predominant frequency and ξg is the damping coefficient.  
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Through critically analysing the above mentioned 20 earthquake records given in Table 3, it was 

found that the value of damping coefficient and predominant frequency for Kanai-Tajimi’s power 

spectral density function (KTJ) and modified Kanai-Tajimi’s power spectral density function (MKTJ) 

power spectral density functions were practically the same. Normalised Kanai-Tajimi (KTJ) and 

Modified Kanai-Tajimi (MKTJ) power spectral density for Musa-1b earthquake record-1972 is shown 

in Figure 7 for clarity. 

 

Figure 7: Normalised Kanai-Tajimi (KTJ) and Modified Kanai-Tajimi (MKTJ) power spectral density 

for Musa-1b earthquake record-1972 

As observed from Table 3, the predominant frequencies of rock motions fall in between 20 to 40 

rads/sec (or 3 to 7 Hz). An exception is the Tangshan earthquake in China, which travelled a distance 

of 373 km, containing a low predominant frequency of 10 rads/sec of 1.59 Hz. 

The average predominant frequency    ) and damping coefficient      have been investigated from 

the data provided by Lai (1982) and shown in Table 4. It shows that the mean values of the 

predominant frequency and damping coefficient for stiff firm ground and rock sites are similar. The 

predominant frequency and frequency content are not affected by the two different site conditions. 

The values of    and    from both sites are combined to quantify the variabilities. 

Table 4: Comparison of predominant frequency and damping coefficient of earthquake ground 

motions for stiff firm ground and rock sites 

 Predominant Frequency, fg (Hz) Damping Coefficient,    

Mean Cov Mean Cov 

Stiff soil 3.03 0.43 0.313 0.437 

Rock 3.08 0.61 0.319 0.529 
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Lai (1982) suggested a damping coefficient of 0.32 for all epicentral distances. It was observed that  

   increases when epicentral distance increases. Equation 14 gives the    as a function of the 

epicentral distance. The variability of damping coefficient is defined by an error coefficient, Cd. 

Figure 8 shows the cumulative distribution, statistical mean and standard deviation of the error 

coefficient (Cd) which fitted by a log-normal distribution. 

                               (14) 

Ln (Cd)= N(-0.132, 0.40) and Cov(Cd)= 0.42 

Where R is epicentral distance and Cd is error coefficient of   . 

 

Figure 8: The cumulative probability distribution of the error coefficient of damping coefficient, Cd 

 

Similarly, attenuation characteristics of predominant frequency were plotted and it was observed that 

the predominant frequency decreases when the epicentral distance increases. The error coefficient of 

the predominant frequency is shown to be log-normally distributed and following equation is derived 

from the data.  
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Ln(Cf)= N(-0.139, 0.42) and Cov(Cf)= 0.43 

Where fg is predominant frequency and Cf is error coefficient of   . 
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this, shear velocity and shear modulus equation proposed by Seed and Idriss (1970) was used by 

Hwan (1985) to estimate the approximate rock depth. Hwan (1985) suggested the bed rock underneath 

the soft soil in Bangkok was approximately 300 meters. 

Seismic response of soil is mainly determined by shear modulus and damping characteristics.  Rock 

motions corresponding to different magnitudes and distances are simulated for the study of the 

statistical response of the Bangkok soft soil. Analysis of peak ground acceleration, the 90% ground 

motion intensity and significant ground motion duration of the response motions for Bangkok sites are 

described in detail in the following sections.  

3.2.1 Peak ground acceleration  

The variablities of the attenuation and amplification models of rock motions are expressed in terms of 

error coefficients as described in Section 3.1. The variability of each error coefficient is sampled  

using Latin Hypercube Sampling technique. In this study, the probability distributions of the error 

coefficients are divided into 32 equal probabilities (32 intervals for each input variable). The rock 

motions corresponding to the magnitudes and distances given in Table 1 are simulated for this study 

of the statistical response of the Bangkok soil.  

The peak ground acceleration of the response motions were analysed and it was found that 

amplification factor increases when earthquake intensity of rock motion decreases. Figure 9 shows the 

amplification factor as a function of M and R at the epicentral distance of 50 km and earthquakes of 

magnitude M=5.5, 6.0 and 6.5m. The high level of intensity causes the soft clay to become highly 

non-linear. Due to this non-linear behaviour, the amplification factor is less than the factors for R=100 

and 150 km when the soft clay responses semi non-linearly or elastically. It can be concluded that for 

an earthquake originating at a larger distance from Bangkok, the intensity can become large, 

especially when the predominant frequency of rock motions coincides with the natural frequency of 

local soils. The results of this analysis cannot be verified due to lack of earthquake records in 

Bangkok. To improve the confidence in the results, the peak ground accelerations were compared 

with Esteva and Villaverde model (1977).  

The modified attenuation model for ground motions at Bangkok sites is recommended in Equation 16 

and graphically in Figure 10. 

                                    (16) 

Ln(Ca)= N(0.0,0.48) and Cov(Ca)= 0.51  
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Where    is maximum acceleration of ground motion in Bangkok area (g), M is Richter magnitude, R 

is epicentral distance,     is amplification factor of maximum acceleration given in Figure 9 and Ca 

is error of coefficient.  

 

Figure 9: Amplification factor, FaD, for peak ground accelerations for Bangkok sites 

 

Figure 10: Attenuation of peak ground accelerations for Bangkok sites 

3.2.2 The 90% ground motion intensity  

A complete analysis of I0, i.e. the integration of 5% to 95% squared accelerations of the response 

motions, was carried out. The amplification factor of I0 is found to decrease when earthquake intensity 

increases. This characteristic is similar to the amplification of aD. An attenuation function of I0 for 

Bangkok grounds is proposed in Equation 17. I0 is expressed as a function of M and R. The variability 

of I0 is accounted for by the error coefficient CI. CI is obtained to be log normally distributed with a 

normal mean of -0.07 and a normal standard deviation of 0.93. The Cov of I0 for Bangkok is 113.59% 

of the Cov of I0 of rock sites.  

                                       (17) 

Ln(CI)= N(-0.07,0.93) and Cov(CI)= 1.17 
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3.2.3 Significant ground motion duration  

The significant ground motion duration, S0, for each response motion was investigated. The overall 

significant ground motion results were statistically analysed. It was found that Bangkok soft clay 

amplifies the rock motion durations by 25%- 50%. The proposed S0 formulae for Bangkok sites are 

given in Equations 18 and 19.  

                                       for R=50 km      (18) 

                                       for R=100 km and 150 km    (19) 

 

3.2.4 Frequency content  

A fast Fourier Transformation procedure is employed to investigate the frequency contents of the 

ground motions, resulting from seismic analyses of Bangkok soft soil. Thirty two motions for each 

pair of M and R were synthesised. The frequency content of the surface ground options for Bangkok 

sites was found to have two peaks of predominant frequencies. The first peak is approximately 0.5 Hz 

which is found to be the natural frequency of the soft soil. The second peak is the predominant 

frequency of the rock motion which depends on epicentral distance. It is observed that the tails of the 

frequency spectra decay as the epicentral distances increases.  

An empirical power spectrum density function of earthquake ground motions for Bangkok sites is 

suggested in Equation 20and simulated earthquake plot is shown in Figure 11. The frequency content 

of ground motions for Bangkok sites can be modelled by this power spectral density function. A 

Matlab based program was developed based on this study to obtain ground motion records for 

Bangkok for soft soil sites, stiff firm ground and rock sites. Fourier spectrum and elastic response 

spectrum are shown in Figure 12. 

       

 
 
 
 
 
 

 
 
 
 
 

          
 

  
 
 

    
 

  
 
 

 

 

     
 

  
 
 

 
 
 
 
 

    

 
 
 
            

 

   
 
 

    
 

   
 
 
 
 

      
 

   
 
 

 
 
 
 
                                         

 

Where,   is dumping coefficient,    is predominant frequency (Hz) and    is an arbitrary constant.  
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Figure 11: Simulated earthquake ground motion for Bangkok sites, M=5.5, R=50 km 

 

Figure 12: Fourier spectrum and elastic response spectrum for Bangkok site 

4. Case study 

A typical 4 storey commercial frame building located in Bangkok was selected for the case 

study and details of the building is given in Figure 13. The natural period of the building is 

0.8 seconds.  

 

 

 

 

 

 

 

Figure 13: Typical plan for the 4 storey RC frame building 
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A series of non-linear seismic analysis was carried out for each pair of M and R given in 

Table 1 using the computer program “Inelastic Damage Analysis of Reinforced Concrete 

Frame Shear Wall Structures” (IDRAC) (Park et al. 1987). Beams and columns of the frame 

were modelled as continuous flexural springs and shear walls were modelled by a 

combination of flexural and shear deformation springs. The edge columns of the shear wall 

were modelled separately using one dimensional spring and main transverse beams were 

modelled using elastic linear and rotational springs. Axial loads generated during earthquakes 

motion was not considered in this study. The horizontal ground motion was considered and 

gravity load is assumed to be sufficient to accommodate the dynamic effects of the vertical 

component. 

When a structure responds inelastically, and a close form functional relationship between 

load effects and loading parameters are available, the statistical mean and standard deviation 

can be obtained by the approximation in terms of the statistics of the individual load 

parameters (Ang and Tang 1975). The variability of earthquake loading parameters and 

structural properties considered in this study includes, ground motion (I0), significant ground 

motion duration (S0), damping coefficient (ζg), predominant frequency (fg), peak ground 

acceleration (aD), yield strength of reinforcing steel (fy), concrete strength (fc), storey mass 

(m) and mass proportional damping (ξd). Therefore the random structural response can be 

written as; 

Q= f(I0, S0, ζg, fg, aD, fy, fc, m, ξd) 

Where, response parameter Q was considered as the damage index for this study. 

The variabilities of the yield strength of reinforcing steel, concrete strength, structural mass 

and structural damping was sampled using Latin Hypercube sampling. Each probability 

distribution of these properties was divided into 32 equal probabilities and matched by Latin 

Hypercube sampling technique with 32 ground motions. Thus each pair of M and R, there 

was 32 ground motion structural models.  

The structural damage index for all these models were computed as per Park et al, (1987) and 

it was noted that damage index is log-normally distributed. Park and Ang (1985) indicated 

that buildings with damage indices greater than 0.2 showed unacceptable damage. Therefore 

in this study, damage index greater than 0.2 was selected to be the ultimate limit state 

criterion. Based on this criterion, damage for the frame building under different earthquake 
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intensities and epicentral distances are shown in Table 5. Results show that reasonable 

damage indices are predicted using the developed attenuation and amplification models for 

the commercial building. 

Table 5: Interpretation of the damage indices for the frame building 

M R (km) 
4 Storey building 

μD μD+1σD 

5.5 

50 

100 

150 

Minor 

Slight 

Slight 

Minor 

Minor 

Minor 

6.0 

50 

100 

150 

Minor 

Minor 

Slight 

Moderate 

Moderate 

Minor 

6.5 

50 

100 

150 

Minor 

Minor 

Minor 

Moderate 

Moderate 

Moderate 

 

5. Conclusion 

A probability based method for the calculation of seismic vulnerability for Bangkok was developed in 

this study. Important characteristics such as peak ground acceleration, aD, ground motion intensity, Io, 

frequency content, significant ground duration, So, for rock, stiff ground and Bangkok soft soil were 

developed. Statistical information on the attenuation and amplification models of the peak ground 

acceleration, 90% ground motion intensity, significant ground motion duration, predominant 

frequency and damping coefficient have been established and can be summarised as follows.  

 The probability distributions of the peak ground acceleration models for rock, stiff ground 

and Bangkok soft soil sites are shown to be log normally distributed with the coefficient of 

variation of 0.69, 0.53 and 0.51 respectively. 

 The probability distribution of 90% ground intensity model, Io for rock, stiff firm ground and 

Bangkok soil sites are log normally distributed with the coefficient of variation of 1.03, 1.35 

and 1.17 respectively. 

 The probability distributions of the significant ground motion duration, So for rock, stiff firm 

ground and Bangkok soft soil sites are shown to be log normally distributed with the 

coefficient of variation of 0.818, 0.9531 and 0.27 respectively 
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 The power spectral density function for modeling frequency content of ground motions for 

Bangkok sites exhibits two peaks of predominant frequency. The first peak is 0.5Hz which is 

the natural frequency of the soft soil. The second peak is the predominant frequency of rock 

motions.  

 Developed attenuation and amplifications model was capable of predicting reasonable 

damage indices for a typical 4 storey commercial building under seismic conditions in 

Bangkok. Extension of this work is necessary to examine the applicability of the proposed 

model for other available building types in Bangkok.  
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