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Abstract— The study tried in playacting one dimensional
ground response analysis by the utilization of program
‘SHAKE 2000’ for assessing the potential amplification of
earthquake ground motions with relevance totally different
characteristic parameters in different kinds of soil conditions
in Bangladesh. An exact earthquake motion from the
earthquake record information was taken as input motion for
the soil profiles. Simplified relations relating solely to the
‘SPT-N value’ was used for determinant of most shear
modulus and damping of 5% was thought-about for all the
locations. From the information of dynamic material
properties, G/Gmax (modulus reduction) and damping
curves were adopted for the layers. The analysis was
supported two sites of Banasree in Dhaka, Bangladesh. The
graphs from all the locations were compared to produce
choices concerning their amendment with relevance kind of
soil layers, depth, time and frequency relating with the input
object ground motion.

Keywords: SHAKE 2000, Earthquake, Shear Stress, Shear
Strain, Soil, Damping

. INTRODUCTION

Natural disasters are inevitable and it is not possible to get
full control over them. With the technological advancement
man has been trying to combat these natural disasters
through various ways. Earthquake is one such disaster that
mankind has been combating with since its origin. The
regions within the earthquake threat demands their careful
consideration in the design of structures and facilities. But
on the context of Bangladesh, in spite of being a region of
high seismic activity, earthquake resistant design
considerations are given least importance. But over the years
few of the major earthquakes as ‘The Great Indian’
earthquake with magnitude of 8.7 on surface wave
magnitude scale, one of the world’s strongest, had its
epicenter only about 230 km from the capital city, Dhaka
and another earthquake on the West Coast of Northern
Sumatra with magnitude of 8.6 has increased the importance
in considering the earthquake resistant design code in the
design of structures to avoid severe catastrophic damage in
the vent of major earthquakes. Few definitions largely
revolve around the definition of the boundary between
acceptable and excessive damage, and uncertainty in the
size, time and location of future earthquakes. Ground
response analysis area unit accustomed predict ground
surface motions for development of style response spectra,
to evaluate dynamic stresses and strains for analysis of
physical change hazards and to see the earthquake evoked
forces which will result in instability of earth and earth
holding structures. Under ideal condition, an entire ground
response analysis would model the rupture mechanism at the
supply of an earthquake, the propagation of stress waves
through the world to the highest of bedrock to a lower place

a selected site and would then confirm however the bottom
surface motion is influenced by the soils that lie higher than
the bedrock.

Il. OBJECTIVE OF THE STUDY

— To perform one dimensional ground response analysis
by the use of program ‘SHAKE 2000’ for assessing
the potential amplification of earthquake ground
motions in different types of soil conditions in
Bangladesh.

— To develop Strain Compatible Damping, Strain
Compatible  Shear Modulus, Depth vs. Peak
Acceleration, Acceleration vs. Time, Shear Stress vs
Time, Spectral Displacement vs. Period, Amplification
Ratio vs. Frequency, Amplitude vs. frequency, Modulus
Reduction vs. Shear Strain, Displacement, Velocity,
Acceleration vs. Time graphs for the soil profiles.

— To determine these dominating response analysis
parameters in each of the study locations with limited
information, that could be considered for enabling the
design of a safer structure for a broader class of design
earthquake.

I1l. METHODOLOGY

A. Selected study areas

Two areas where selected for the analysis having
significantly different soil conditions. The locations are:

1) Banasree, A-Block, Dhaka, Bangladesh.

2) Banasree, E-Block, Dhaka, Bangladesh.

B. Required data from the bore log

1) Soil types at various strata,
2) Depth of various types of soil layers,
3) Average Standard Penetration Test Values.

The methodology used for the analysis involves the use
of the program ‘SHAKE 2000’ based on the parameters
obtained from the local soil condition data. The program is
made to run thereby processed graphs and results are
obtained for further analysis and consultation.

C. SHAKE 2000 Program

Program SHAKE computes the response in a system of
homogeneous, visco-elastic layers of infinite horizontal
extent subjected to vertically traveling shear waves. The
program is based on the continuous solution to the wave
equation adapted for use with transient motions through the
‘Fast Fourier Transform algorithm’. The nonlinearity of the
shear modulus and damping is accounted for by the use of
equivalent linear soil properties using an iterative procedure
to obtain values for modulus and damping compatible with
the effective strains in each layer.

The program is able to handle systems with
variation in both moduli and damping and takes into account
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the effect of the elastic base. The motion used as a basis for
the analysis, the object motion, can be given in any one
layer in the system and new motions can be computed in any
other layer.

D. Assumptions

1) The soil system extends infinitely in the horizontal
direction.

2) Each layer in the system is completely defined by its
value of shear modulus, critical damping ratio, density
and thickness. These values are independent of
frequency.

3) The responses in the system are caused by the upward
propagation of shear waves from the underlying rock
formation.

4) The shear waves are given as acceleration values of
equally spaced time intervals. Cyclic repetition of the
acceleration time history is implied in the solution.

5) The strain dependence of modulus and damping is
accounted for by an equivalent linear procedure based
on an average, effective strain level computed for each
layer.

E. Set of operations

1) Read the input motion, find the maximum acceleration,
scale the values up or down, and compute the
predominant period.

2) Read data for the soil deposit and compute the
fundamental period of the deposit.

3) Compute the maximum stresses and strains in the
middle of each sub layer and obtain new values for
modulus and damping compatible with a specified
percentage of the maximum strain.

4) Compute new motions at the top of any sub layer inside
the system or outcropping from the system.

5) Print, plot and punch the motions developed at the top
of any sub layer.

6) Plot Fourier Spectra for the motions.

7) Compute, print and plot response spectra for motions.

8) Compute, print and plot the amplification function
between any two sub layers.

9) Increase or decrease the time interval without changing
the predominant period or duration of the record.

10) Set a computed motion as anew object motion. Change
the acceleration level and predominant period of the
object motion.

11) Compute, print and plot the stress or strain time-history
in the middle of any sub layer.

F. Steps of analysis

1) Main menu

2) Earthquake response analysis

3) Options

—  Dynamic Soil Properties

—  Soil Profile

— Input (Object) Motion

— Assignment of Object Motion to a specific sub layer
— No. of iterations and strain ratio

—  Computation of acceleration at specified sub layer
—  Computation of shear stress or strain time history
— Response Spectrum

—  Amplification Spectrum

—  Fourier Spectrum

4) SHAKE

5) Process

6) Result

— Peak Acceleration, CSR, Shear Stress Graphs
— Acceleration Time History Graphs

—  Shear Stress History Graphs

— Response Spectrum Graphs

—  Amplification Spectrum Graphs

— Fourier Amplitude Spectrum Graphs
— Dynamic Material Properties Graphs

G. Parameters

The results of analyses are obtained by the program
‘SHAKE 2000’ in the form of characteristic curves. The
characteristic curves are mainly for the following parameters
based on which the relative discussions on response analysis
over the soil profile is provided:

1) Strain Compatible Damping

2) Strain Compatible Shear Modulus

3) Maximum Shear Strain

4) Maximum Shear Stress

5) Shear Wave Velocity

6) Peak Acceleration

7) Cyclic Stress Ratio (Probabilistic CRR)

8) Acceleration Time History

9) Shear Stress Time History

10) Response Spectrum (Spectral Displacement)

11) Response Spectrum (Spectral Velocity)

12) Response Spectrum (Spectral Acceleration)

13) Amplification Spectrum

14) Fourier Spectrum

H. Shear Wave Velocity

Shear wave velocity, Vs, is a soil mechanical property that
can be advantageously measured in both the field and
laboratory under real and controlled conditions.

I. Response Spectrum

A response spectrum is simply a plot of the peak or steady-
state response (displacement, velocity or acceleration) of a
series of oscillators of varying natural frequency, that are
forced into motion by the same base vibration or shock.

J. Fourier Spectrum

The Fourier Transform Spectroscopy (FTS) Meeting focuses
on the latest advances in instrumentation and applications of
FTS to astronomy and astrophysics, atmospheric science
and remote sensing, laboratory spectroscopy, analytical
chemistry, bio-medicine and a variety of industrial
applications.

K. Input parameters

As the program models the nonlinear variation of the soil
Shear Module and Damping as a function of shear strain.
The hysteretic stress-strain  behavior of soils under
symmetrical cyclic loading is represented by an equivalent
modulus, G corresponding to the secant modulus through
the end points of the hysteresis loop and equivalent linear
damping ratio, § which is proportional to the energy loss
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from a single cycle of shear deformation. For a given soil
layer, G and B are assumed to be constant with time during
the earthquake shaking. The soil types present on the actual
bore log data are made to match the default soil profiles
present within the program to get the Shear Modulus and
Damping values considering the soil type a various strata.

L. Maximum Shear Modulus Estimation

The Maximum Shear Modulus for Sandy Soil and Clayey
Soil are determined by following the simplified formula
which consider the SPT value only. They are:

Soil Formula Variables Unit
Type
Gmax= _ . 2
Sand 305N g, 68 Neo= SPT value Kip/ft
_ Su= Undrained Shear
Clay Sm“_ 20005, Strength, KN/m?
u=6Nf Nf= Field SPT Value

The shear wave velocity at the bottom of the bedrock was
considered to be of 700 m/s. for all types of soil profiles. A
default earthquake source was considered for the analysis
for knowing the change in the characteristic curves in the
soil profiles.

M. Damping Provided

It is a.common practice to specify a design spectrum for a
5% damping ratio. So 5% damping was taken for the
analysis.-However, depending--on the structural material
behavior and the level of ground motion excitation, a design
spectrum for other damping values may be needed.

N. Input Motion Provided

The earthquake at Southeastern, Alaska, 1979 - M: 7.3 R: 166
km - N279E Component - Yakutat Station was taken for the
analysis for all types of soil profiles.

STADION: 2078 YAX YARUTAT, FAA VOR S106.

Acseloration
fa%)

T (sec)

Fig. 1: Acceleration Time History Recorded at Yakukat
Station for South Eastern Alaskan Earthquake, 1979.

IVV. DATA ANALYSIS FOR STUDY AREAS

A. Analysis for soil profile at Banasree, A-Block, Dhaka

The parameters required for the analysis are presented in
tabular form along with the input option as it is in the
SHAKE 2000 program for Banasree, A-Block.
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Table 1: Material Properties of Soil at Banasree, A-Block
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Table 2: Shear Modulus and Damping Ratio of the Soil
Profile at Banasree, A-Block
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Fig. 2: Showing Variation of Unit Weight, Gmax, Shear
Wave Velocity with depth for soil profile at Banasree, A-
Block

B. Analysis for soil profile at Banasree, E-Block, Dhaka

The parameters required for the analysis are presented in
tabular form along with the input option as it is in the
SHAKE 2000 program for Banasree, E-Block.
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Table 3: Material Properties of Soil at Banasree, E-Block
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Table 4: Shear Modulus and Damping Ratio of the Soil
Profile at Banasree, E-Block
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Fig. 3: Showing Variation of Unit Weight, Gmax, Shear
Wave Velocity with depth for soil profile at Banasree, E-
Block.

V. OUTCOMES OF ANALYSIS

The outcomes (graphs) of analysis by the program SHAKE
2000 for the soil layers at various selected study locations
are as follows:

A. Banasree, A-Block, Dhaka
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Fig. 5: Acceleration vs. Time
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Fig. 6: Shear Stress vs. Time
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Fig. 9: Amplitude vs. Frequency

Fig. 12: Result Chart
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B. Banasree, E-Block, Dhaka
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Fig. 15: Shear Stress vs. Time.
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Fig. 18: Amplitude vs. Frequency
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VI. CONCLUSION

The present study focus on seismic analysis of locally
available dry sand and a small amount of clay. Hard stratum
the range of damping percentage is relatively small where
sand layers exists but a gradual increase in percentage of
damping is seen with increase in depth of soil. Thus form
the strain compatible shear modulus curve, it can be
concluded that within the loose stratum where both clay and
sandy layers are present, shear modulus increase from sand
to clay layers, where organic materials is present shear
modulus is low at that layers and when a hard clay layers is
present between the soft clay layers an increase in shear
modulus occurs in those layers. In case of relatively dense
stratum range of the shear modulus is much lower with a
gradual rise within the sand layers. The range of shear
modulus is relatively low within the sand layers in dense
soil. In hard soil within the sand layers the range of shear
strain are low but with the densification of layers the shear
strain gradual increases. With the increases in depth of
bedrock from ground surface higher shear stress is obtained
in the adjacent layer of soil. The shear wave velocity is low
within the hard stratum of soil and with the densification of
soil the shear wave velocity increases. There is a gradual
decreases in CSR occurs with depth in all of the location but
the variation of CSR with top and the underlying layers is
less in dense stratum.
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