The Relationship Between Amplification And Quality
Factors of Seismic Waves In Surface Sediment Layer
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Abstract. This research was conducted to identify amplification and attenuation that occur
in the soft sediment layer. The softer a surface sediment layer, the greater the amplification
value so that the amplitude of the propagating wave will be even greater. This causes the
softer surface sediment layer, the value of the wave propagation quality factor is also
greater. This data is processed using the HVSR method with 94 data points. The results of
this study indicate that the amplification value has a linear relationship with the quality
factor owned and inversely proportional to the attenuation.
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1. Introduction

Solok has high seismic vulnerability index as passed by the Sumatra fault segment is segment
Sumani and Sianok. When an earthquake occurs, not infrequently cause damage. Damage
caused by an earthquake regions do not only depend on regional distancesto the epicenter and
the magnitude of the earthquake but also depends on surface geological conditions (surface
sedimentary layer) area. Soft surface sedimentary conditions cause the area to experience a
greater damage effect compared to hard rocky conditions [1].

Microtremor is a constant vibration on the surface of the earth which is very weak with
amplitudes between 10-4-10-2 mm. Source microtremor comes from human activity such as
industrial machinery, traffic and activities natural phenomena such as river water flow, wind,
variations in atmospheric pressure, ocean waves [12].

Mikrotremor measurements can be used to determine the geological conditions of the soil
covering the dynamics of soil characteristics in the form of dominant frequency, amplification,
quality factor, a secondary wave velocity and thickness of the surface sediment layer. In this
study a theoretical study was carried out and microtremor data analysis using HVSR method for
determining relationships seismic wave amplification (amplification value HVSR curve) with
wave attenuation seismic (value of wave propagation quality factor seismic) in surface
sedimentary layers.

Amplification is a magnification of seismic waves that occur due to significant differences
between layers. Amplification will occur when the earthquake wave frequency values are the
samen with the resonance frequency of the surface sediment layer [11].

Quality factor states the ratio between the energy that enters the medium and the energy
absorbed.

2. Method
Energy seismic waves that pass through a medium will experience absorption by the medium
because it is converted into heat generated from medium particle friction move when crossed
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by seismic waves [9]. Process this energy absorption is called wave attenuation which results in
decreased amplitude the wave and its value depend on the type of medium which is stated in a
constant attenuation [4]. On the medium soft the attenuation constant value is getting large so
the wave amplitude will weakened. This is the opposite of the peda effect surface that occurs in
the surface layer where the waves will experience amplification / magnification when an
earthquake occurs.

Research put forward by Nakamura which states that the comparison of the spectrum as a
function of frequency is closely related to the function of the transfer site [S]. The amplification
factor of the horizontal and vertical components on the surface of the soil in direct contact with
the bedrock in the area of the basin is denoted by TH and TV [7]. The magnitude of the
amplification factor is horizontal TH.

SHS
Ty =—— (1)
o Sup

Nakamura also shows that the ratio between the horizontal and vertical components of the
recording of the ambient noise is closely related to the dominant frequency of the ground and
from here obtained amplification factor [6].

Fig. 1. Example of spectrum analysis results HVSR

The relationship between the quality factor (Q) and the dominant frequency resonance occurs
when expressed in the equation of [4], namely (2).
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With 24fis wide bandwidth / frequency band which is the width of the resonance curve on the
amplitude of 0.707 of its peak value (Figure 2).
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Fig. 2. curve and the relationship between the resonance frequency shift of the resonance frequency [4].

At the resonant frequency, the earthquake wave of bedrock will be magnified A times (A is the
value of amplification) in the surface sediment layer so that the amplitude of the wave of
earthquakes in the surface sediment layer can be expressed as (3).

as = Aap (3)
According to Nakamura (2000) [7], amplification value expressed by equation (4).
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The amplitude [9] of waves that pass a certain layer thickness will experience the energy
absorption by the medium so that the amplitude will be reduced to equations (5).

a = agexp(—ah) (5)
While the relationship between the quality factor (Q) with the attenuation constant is expressed
as the equation (6).
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Thus equation (2) and (3) can be expressed in the equation (7).
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3 Result

Solok consists of sedimentary rocks, metamorphic, volcanic and old alluvium permokarbon to
resen. The oldest rocks in the form permocarbon aged metamorphic rocks. The metamorphic
rocks intruded by granite intrusive rocks (g) aged triad. Are aligned on top of these rocks
deposited sedimentary rock Tertiary age. Quarter-lived volcanic rocks deposited on top of older
rocks. Resen old youngest rocks in the form of alluvium (Qal) [10]. Single station microtremor
measurements of 86 sites (figure 3 ) used Mark L4-3D seismometer were carried out over solok
city and its vicinity from April to Mei 2015.
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Fig. 3. Distribution of measurement points

The HVSR method has been applied on data that were acquired, selected, processed according
to the recommendations of Sesame European Project and computed using geopsy free software.
Before the spectra computation, the window length for each data was set to a period of 15
seconds in order to capture low frequency of H/V peak curve at a sampling rate of 100 samples
per second and 5% cosine taper value. Geopsy software were used to compute the mean and
linear trend of all windows, then transformed into Fourier spectra and smoothed by Konno and
Ohmachi one with b=15.

The result of the calculation of the quality factor then compared with the value of amplification
by creating graphs crossplot between amplification by a factor of quality can be seen in Figure
5.1
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Fig. 4. Graph of crossplot amplification values and quality factor

The graph shows the relationship between amplification and quality factors is proportional. The
results illustrate the quality factor value processing sedimentary soil surface. The more soft a
surface sediment layer then the value will be even greater amplification so that the amplitude of
the wave which propagates will be even greater. This causes more soft sedimentary layers of
the surface wave propagation factor value greater quality. The results of the quality factor is
only used as additional information in the discussion of the value of the seismic vulnerability



index. The distribution of amplification values in the study area can be seen in Figure 5 with
amplification values ranging from 1.5-6.3. Amplification expresses the contrast impedance
between the surface sediment layer and the bedrock layer below. So that the difference in the
amplification value on the same surface geology can be caused by variations in the bedrock
layer in the study area.
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Fig. 5. Amplification Map

The value of quality factors in this study area ranged from 0.6 to 1.4 Regions that have the
largest quality factors are in the northeast and west, this area is the same as the distribution of
the amplification values.
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Fig. 6. Quality Factor Map

Based on the results of this study, then the quality factor obtained from the curve HVSR
on this research is a quality factor secondary wave propagation. More and more then a soft layer
of surface sediment the amplification value will be greater so that the amplitude of the radiating
wave will the greater it is. This causes increasingly soft layer of surface sediment hence the
value the wave propagation quality factor the greater it is. Areas that have amplification values
and high quality factors will suffered severe damage during an earthquake.



4. Conclusion

The relationship between the amplification (A) with a quality factor (Q) of the microtremor
data in Solok is linear because when there is resonance, in a layer of sediment that is traversed
by the earthquake waves will experience the amplification effect is more dominant than the
effect of its attenuation.
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