Dynamic Analysis of Ground Motion During
Earthquake in the Bangkok Area
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ABSTRACT

In this paper, earthquake response of the Bangkok area in Thailand was analyzed in terms of
the acceleration response spectrum and maximum acceleration of the computed surface motions.
The program SHAKE was employed to analyse the ground motion.

With increasing the maximum acceleration and predominant period of given base rock motion,
the computed maximum ground surface acceleration increases, but converges on a maximum

value of about 0. 3g.

The characteristics of earthquake response spectrum in the Bangkok area are also discussed
and illustrated.

of soil deposit. These parameters of ground

1. Introduction motion during earthquake at any site are inf-
luenced by the maximum acceleration (Ab)

The most important parameters of ground and predominant period (Tp) of base rock
motion during earthquake include the maxim- motion. Response spectrum has been widely
um ground acceleration and fundamental period used for the purpose of differentiating signif-
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jcant characteristics of accelerograph records.
A response spectrum is a graphical represent-
ation of maximum dynamic responses(absolute
acceleration, relative velocity and relative disp-
lacement) of a responding system against the
fundamental period or frequency of a structure.

This study presents results of analyses of
the ground motions (maximum ground surface
acceleration, acceleration response spectrum)
during design earthquake motions for typical
subsoil profile in the Bangkok area. The com-
puter program SHAKE(]) was used in this

study for the analyses of the ground motion.

2. Earthquake Response Program-

SHAKE

Program SHAKE computes the respones in
a system of homogeneous visco-elastic, infinite
horizontal layers subjected to vertically travell-
ing shear waves. The program is based on the
continuous solutions to the wave equation(2)
adopted for use with transient motions throu-
gh the FFT (Fast Fouvier Transform) algori-
thm(3).

The nonlinearity of the shear modulus and
damping ratio is considered with the use of
equivalent linear soil properties using an iter-
ative procedure to obtain values for modulus
and damping compatible with the effective
strain in each layer. The theoretical backgrou-
nd of program SHAKE is also discribed in
this section.

The input data for SHAKE program consist
of three parts, namely base rock motion data,
so0il layer model and initial dynamic soil prop-
erties. A brief description of the determination
of input data is presented in the following

section. Further details can be found in Ref(1).
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2.1. Wave propagation method

The wave equation for the vertical propaga-
tion of shear waves through one-dimensional
system shown in Fig. 1 is given as follows:
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For a hamonic motion of frequency w, the

general solution of Eq. (1) is
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where; K=complex wave number
G =shear modulus
G*=Complex shear modulus
D =Critical damping ratio
7 =viscousity
p=mass density
U(x, t) =displacement
x=depth in each layer
t=time
E=Amplitude of Incident wave
F=Amplitude of Reflected wave
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Fig. 1. One-dimensional System

This theory can be extended through the use

of Fourier Transformation for vibration load-



ing with transient motions such as earthquake,

machine vibration, etc.

2.2. Equivalent Linear Analysis

The use of an equivelent linear system to
compute the response of a non-linear system
has been found to provide a reasonably satis-
factory means of evaluating dynamic behavior
of single-degree-of-freedom system.

A equivalent linearization procedure invol-
ves the determination of an equivalent linear
modulus, Geq, and an equivalent damping ra-
tio, Deq, in the SHAKE program. For a single
hysteretic stress-strain cycle, the value of Geq
may be taken as the chord modulus of the
loop; i.e., the slope of the line joining the
extreme points of the hysteresis loop as shown
in Fig. 2. For a response involving a number
of cycles of different stress and strain ampli-
tude it would be appropriate to use the aver-
age value, Geq, of the values of Geq corresp-
onding to the different cycles. Similarly an
average value of the equivalent viscous damp-
ing ratio, Deq, corresponding to the hysteretic
damping of the nonlinear system may be eva-
luated.
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Fig. 2. Evaluation of Equivalent linear para-
meter

3. Design Earthquake

In order to carry out earthquake response
analyses of a given soil deposit for design
purposes, design seismic motion is needed at
the base rock. Such motions are usually in
the form of design accelerograms. When no
local record is available for the region under
study, the bed rock accelerogram can be cho
sen from the existing strong motion data or
may be generated by means of statistic simul-
ation models. This study was employed a me-
thod which is based on the modification of
recorded accelerograms by applying a scaling
factor to both ordinate and abscissa of the ac-
celerogram. Since the Pasadena Earthquake
motions (Fig. 3) is strong motion which res-
ulted from the filtering of earthquake wave
of the proceding types through layers of soft
soil, this recorded motion was employed in the
Bangkok area (soft soil deposit). The earthq-
uake records are modified as follows;

1) Take any recorded accelerogram in which
the predominant period (7%) and maximum
recorded acceleration (Amax) are known

1) Estimate the desired predominant period
(T, and the scaling factor, -g;:’«, is used to
change the time step of the recorded accelero-

gram (4t,), new time step (J¢p) is

T

iii) Estimate the maximum design base rock

Aty=-Lr x4y,
1

acceleration (Ab) and change the recorded

motion by multification factor, Ab/Amax

#lzratizn{ @)

Fig. 3. Pasadena Earthquake Recorded Motion
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4. Soil Profile and Dynamic Soil P-
roperties

For analytical purposes, an idealized soil pr-
ofile (or soil layer model) of the Bangkok
area shown in Fig. 4 was employed in this
study. The value of soil properties were deci-
ded as average values of existing data collected

from various sources(4).
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Fig. 4. Typical Soil profile of the Bangkok Area

when assigning dynamic properties, (i.e. sh-
ear modulus and damping ratio) to each layer,
the initial values at low strain (107'%) must
be determined. Since the data of such initial
dynamic properties are not available for the
Bangkok soils, an empirical formula has to be
used. It has been shown that in equivalent

linear analysis the shear moduli and damping
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characteristics of the soil are strain-dependent
with the modulus decreasing and the damping
ratio increasing with magnitude of the cyclic
strain. General relationships between shear
modulus, damping ratio and strain for satur-
ated clays and sands with relative density of
about 75%, have been proposed by Seed and
Idriss(5). These general relationships shown
in Fig. 5(a) to 6(b) were used in this study.
For other types of soil, the same general rela-
tionships will be used, but appropriate correct-
ion factors will be incorporated to allow for
variations in soil characteristics. For exampl'e,
silts, sandy silts and silty sands may be treated
as sand but with modulus values modified by a
factor ranging from 0.5 to 0.9 depending on

the silt content. Gravels may be treated as
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Fig. 5. (a) Damping Ratio For Saturated Clays(5).
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Fig. 5. (b) In-Site Shear Moduli For Saturated
Clays(5).
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Fig. 6. (a) Damping Ratio For Sands(5).
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Fig. 6. (b) Shear Moduli of Sands at Dr=75% (5)
sand but with modulus values modified by a
factor ranging from about 1.2 to 2.0 depend-
ing on the gravel content.

It is known the damping ratio of sands are
essentially independent of relative density but

that shear moduli vary with relative density
as follows(5) :
Gor=Gs[ 1+ D'l‘()“oli) O
where; Gp-=shear modulus of sand at relat-
ive density (D:)
G5 =Shear modulus of sand at D.=
75% from Fig. 6(b)
Eq. (4) was used in all the dynamic analyses
described in this study to define shear moduli

of the sand layers.

For cohesive soils, the shear modulus at low
strain can be related to the undrained shear
strength, Su(5).

In this study, the ratio of Go at 107%% sh-
ear strain to the shear strength, Su, was fixed
at Go/Su=2300 from the data shown in Fig,
5(b). The input parameters for the subsoil
layers setected dre summarized in Table. 1.

Table. 1. The Input. Data of Dynamic Response
Analysis for Bangkok Area

Layer| Soil | Sub- g:;g; g%gté p| Wt | Fac
NO. | TypelLayer (m) 10° (t/m%) | tor
1 1 1 5/ 5.860.05 1,698 0.56
2 1 1 8 4,88}0.05 1,602 0.47
3 1 I 11)21.000.0 1,954 1.90
4 2 1] 122295005 2,018 1.05
5 11 8| 27.340.05 2,034 2.46
6 2 2 263418005 2,034 1.25
7 1 1| 15 58.590.05 2 03¢ 5.59
8 a3 75 56.640.05 2034 1.50
9 1 1| 200117.19%. 05| 2034 11.15
10 ol o 120 94.730.05 2,034 1.80

( V=
11 —| =] —lo.00 2 0342500ft

| I/sec

1: clay 2 : sand

5. Results of Ground Motion Anal-
yses

The analytical procedures described above
may be used to study the influence of the
base rock motion and the predominant period
of base rock motion on the response charact-
eristics. To illustrate this, analyses were made
on the response of the soil deposit in the Ba-
ngkok urban area to base rock accelerations
having the same form but different amplitudes.
The response of the soil deposit in the Bang-
kok urban area was calculated for 7 different
maximum base rock accelerations (Ab) rangi-
ng from 0.001g (1 gal) to 0.5g (490 gals)
with 3 different predominant periods of base
rock motion (Tp=0.2, 0.4, and 0. 65 seconds)
using SHAKE program. The moduli and the
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average damping ratios of the deposit were
adjusted to be compatible with the strains de-
veloped during each base rock motion.

The variations of maximum ground surface
acceleration (As) with the applied maximum
base rock acceleration (Ab) and predominant
period (Tp) are shown in Fig. 7. This fig-
ure shows that As increases with increasing
amplitude of the base motion. This value also
increase with increasing Tp. The results sho-
wn in Fig. 8 indicate that the amplification
factor (As/Ab) decreases considerably as the
value of Ab is increased; It is also shown the
computed amplification factor decreased from

about 8.6 to less than 1, 0 with increase in am-

18 BITI3E - 19854 67

plitude of base rock acceleration from Igal to
490 gals. The influence of the amplitude of
base motions on structures built on the top
of the deposit is best illustrated by considering
the response spectrum of the resulting ground
surface motions. The response spectrum com-
puted for each base rock motions with the va
riation of Tp are shown in Fig. 9 to Fig. 11.
As can be seen in these figures, each spectrum
The first

peak occurs at a period which is close to the

appears to have three major peaks.

predominant period of the base motion. And
the second peak can be considered to the sec-
ond order of natural period, that is one third of

the fundamental period. The periods of occu-
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Fig. 9. Comparison of As Spectrum For Tp=0.2
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Fig. 11. Comparison of As Spectrum For Tp=0.
65sec,
rrence of the first and peak are gradually go-

verned by the nature of subsoils.
6. Conclusions

A series of dynamic response analysis of
ground motions for a typical subsoil deposit
found in the Bangkok area was carried out
using SHAKE program. Accelerogram of the
Pasadena Earthquake with modifications in
the predominant (Tp) and the maximum acc-
eleration (Ab) of base motion, was used as
the input wave. The following conclusions
were obtained:

(1) With increase in the applied base rock
acceleration (Ab) and the predominant pe-
riod of base motion (Tp), the computed

ground surface acceleration (As) gradually
increases and converges on maximum val-

ue of about 0. 3g.

(2) The amplification factor for acceleration
(As/Ab) decreases from about 8.6 to less
than 1.0 with increase in Ab from [ gal
to 490 gals and Tp from 0.2 to 0.65 sec-
onds.

(3) With increase in Ab, the effect of input
motion on ground motion decreases and

gradually becomes independent of Tp.
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