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ABSTRACT

Gyobyu pipeline, one of the water supply netw
system of Yangon region, since this pipeline -
constructed in 1940, any seismic design was
considered. During the recent earthquake, 13.3.
Taikkyi Earthquake, Magnide 5.1, pipe suppor
damage were observed at many locations in
Gyopyu reservoir area. Local site effect is onehef
most important aspects in the assessment of se
hazard and many of the destructive earthquakdsei
past have shown that locsite conditions have maj
effects on the ground shaking. In this study,
recorded ambient noise along pipeline was use
compute the H/V spectral ratio and then to eval
the local site effect of the area. The HVSR anal
has been carried out ing Cygwin Termina
Software. The predominant frequency (F) rar
between 1.17 to 4.41Hz and amplification factor
varies from 1.07 to 3.25. The vulnerability indésgj
having values ranging from 0.44 to 7.9. 1
vulnerability index (Kg) is indicatethe soil damag
level due to ground motions.

KEY WORDS: Predominant frequency, amplification
factor, vulnerability index, micro tremor HVSR

l. INTRODUCTION

Water supply 38 vital to the function of a
industrialized society and important to emerge
response and recovery after earthquakes. Ther
four reservoirs for Yangon water supply system. !
of the reservoirs is Gyobyu reservoir. The wi
transmission pipeline, dwever, in Yangon, i
installed on the ground supported by the conc
foundation from the reservoir to the downto
terminal point by segmented steel pipe hay
concrete lining with dresser coupling joint. Gyol
water pipelines crossed six townshipshey are
Taikkyi, Hmawbi, Mingalardon, Mayangon, Yank

and Bahan. Borehole data 't get for all townships.
Therefore, microtremor measurement is requ
along the pipeline.
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Flgurel Schematlc Configuration of Existing Wa
Systemof Yangon (JIC4 2012)

In the study, the present water supply systen
Yangon which has been operated over 100 year
pumping stations in reservc and main transmission
pipes have already aged and beyond its lifes
because of the long economic sanction to Myan
Gyobyu pipeline was constructed in 1940 and
been operated over 70 years. After that, this pip
suffered Taikkyi earthquake ect in March 2017.
According to the report of responsible person fi
YCDC, over 200 nubers of pipe supports dame
between Gyobyu reservoir and near Phugyi rese
(10.5miles). This is the main reason to selectdhes
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Gyobyu reservoir is located in Taikkyownshif. The
geological structure of Taikkyi area is underlaiyn
alluvial deposits of Bago Yoma fan. Geographice
Taikkyi is situated in central Myanmar. Tectoniga
it is located in the Ayeyarwady Delta basin in thest
of Sagaing faultStructurally, the town is located ve
close to a major strand of the Sagaing fault. [6¢
objective of this paper is to investigate the
conditions of the selected area where microtre
measurements are carried out along Gyobyu life
within Taikkyi area. The following figures show t|
pipe support cracks and their location within Taik
area. Each pipe independently moved vertic
during earthquake. In recent earthquake, any les
did not occur. The purpose of this study is to pie'
fundanental frequency, amplification factor a
vulnerability index values for the study a

Fiure.2 ocatin fipe supports damage wi
Taikkyi

I. METHODOLOGY

In the present study thaicro tremo technique was
used to illustrate the local site effect for stumhea.
The singlestation method, where a th-component
records form a single seismometer is processe
yield a spectrum of horizontal to vertical spectedio
and these routine spectral techniques can easi
applied to estimate the dominant frequency
vibration of the sedimentary structure. Th
frequencies of vibration are closely related to
physical features of the site under study, i.e., i
thickness, densities and shear wave velocities
addition, Microtremor also dominated by surfi
waves that can be used to determine the Ray
wave dispersion curve without the need for
artificial source. Microtremor analysis can
performed using HVSR method (Horizontal
Vertical Spectral Ratio). This method is one of
easiest and most inexpensive ways to understan
properties of the subsurface layer structure witl
causing disruptiomo the structure. HVSR method it
method that is used as an indicator of subsul
structure, which shows the relationship between
ratio of the spectrum of H/V with the ellipticityuove
of Rayleigh waves. Comparison of the spectral df
V is the ratio between the amplitude of Four
spectral of horizontal and vertical components
microtremor [7]. Rayleigh Ellipticity is the ratf the
amplitude of spectral components of the horizotd:
the vertical [8]. Ellipticity curve that is used
eathquake engineering is to determine
fundamental frequency of earthquake locations al
very responsive to the location and depth of arle
Microtremors can be classified in two major gro
according to their frequency values: frequency e@a
greder than 1 Hz (up to 20 Hz) known {short
period which refer to shallow soil layers. The dep
can change between 0 to 100 meters, performed
the effects of the local surface sources suct
industry machines, wind, and traffic nois
Frequenciedower than 1 Hz called a‘long period
microtremof which refers to deeper soil layers i
rigid rock formation and performed with natu
forces such as ebb and tide, wind and undergr
seismic activities. Nakamura (1989) proposel
method inferring $& amplification factors to incide
seismic shear waves using microtremor HV rati
single site. [9]. In this study, analyzing the
response using the HVYSR method and calculate:
values based on the microtremor data. Data

s o bt reprocessed using Cwin Terminal software t
“Figljuré; mhoioé ‘of.[;)ipe stprt dam: - estimate the Amplificatic factors (A) and
@ IJTSRD | Available Online @ww.ijtsrd.con | Volume —3 | Issue —1 | N®ec 2018 Page: 87



International Journal of Trend in Scientific Res#aand Development (IJTSRD) ISSN: 2-6470

fundamental frequency (F) for each observationtp
Kg index was estimated for each site based
Nakamura (1996, 1997, 200@chnique. [1(

A. Procedurefor analysis
This is the geeral procedure for calculation of H
spectral ratio from record observation.

Separation of acceleration time historical data

I

Process for Micro tremor data

v

Fast Fourier transform

'

NS/UD. EW/UD calculation

v

H/V spectral ratio

'

Average for each direction

Figure.5 Procedure of H/V spectral r:

After that, the vulnerability index values we
calculated in the current study from the microtre
measurements. Seismic vulnerability indexg) is
one of the simplest physical parameter that coel
used to analyze the local geology condition. Seis
vulnerability index was derived from mathemati
relationship between the resonance frequency
amplification factor of the ground natural vibrati
that obtained in horizontal vertical spectral r:
(HVSR) curve analysis. The vulnerability ind
values are calculated from using the equationha)
Is expressed by Nakamura (1997):
A2

D)
F

where Kg is the vwvulnerability index, A is th
amplification factor and F is the fundamer
frequency.

Kg=

Kg value reflect local site effect and can
considered as an indicator which might be useft
selecting weak point of ground especially al
pipeline areas.

1.  MICROTREMOR

ALONG PIPELINE
Microtremor measurements were performed a
pipeline started in November 2017 to still now. 7
location of all sites is shown in Fig.7. The Glo
Positioning System (GPS) was used to determint
location and elevation of the measurement sites.
ambient noise vibrations were recorded using 100
equipment. The sampling rate was 200 Hz wit
recording duration of 30 minutes. The measuremnr
were taken during the day, the distance betwees
is about 500 meters and some sites is abo
kilometer due to environmental constraints. Astha
measurement along pipeline, over the one hun
and forty single station sites, which covered alfn
the whole area for pipelinevere measured by usil
GARMIN GPS 78 and LS8800 data logger showi
fig.5.

MEASUREMENTS

/______,,,-‘"" \ \-I -

Figure.7 Micro tremomeasuring.points alor
Gyobyu pipelin:
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Figure.8 Location of Microtremor measuring poi
within Taikkyi area
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Figure.'9:‘M|cro tremomeasurement beside pipel

A. H/V technique and H/V inversion

The H/V analysis is based on the thedfirst
introduced by Nogoshi and Igarashi [1] and furt
developed by Nakamura [2], who demonstrated
the spectral ratio between the horizontal and cah
components of a microtremor record is related &
fundamental resonant frequency at the y site. the
application and interpretation of single pc
microtremor measurements are very straight fory
and convenient, H/V method has become very poj
in sitespecific investigations for study ar

In the case of the H/V inversion, the tr-off between
depths and velocities cannot be solved using dré
H/V curve [3]. Therefore, it becomes necessan
retrieve some of these parameterss (® thickness)
from other independent sources. In this work, bdi
data from borehole drills have beesed to define th
parameter space and specifically, to constrain
number of layers and their corresponding thicki
ranges. For all the generated models, the elltgta
the fundamental mode Rayleigh wave is comp
(forward problem) and comparetith the empirica
H/V curve through a misfit function [4], whic
indicates how far the generated models are fron
observed H/V results.

V. RESULTSAND DISCUSSION
A. Distribution of soil natural frequency (F) and
amplification factor (A)

The resuk of microtremor HVRs for a sin¢-station
measurement along pipeline within Taikkyi a
generally show the following figure that is «point
measurement. The  fundamental frequent
amplification factor and vulnerability index valuas
shown in Table I.

Spectral ratio

Frequency

Figure.10 Example of result of HVSR microtren
analysi

And then, the measurement points were shown i
acceptable grid model, which was considerec
accomplish good quality contour maps (Arc(
software) that can display the distribution of
fundamental frequency, amplification factor ¢
vulnerability. Thefigure. 11 shows the distribution
frequency (F) where the distribution of natt
frequency is classified as equal interval, rang
between 1.17A.41Hz. It could be noted that frequer
(F) is associated with the depth of bedrock.
smaller of fregency (F) value, the greater of deptt
bedrock.
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Figure.11 thaistribution of fundamental frequen
values in the study ar
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The figure 12 represents the amplification facty 12 2.29 1.46| 0.9¢ |515.27
or peak ratio HVSR spectrum in investigatisites 13 1.88 1.86| 1.84 |329.47
ranging between 1.07 to 3.25. High amplificat 14 1.47 2.25| 3.44 | 269.66
factor (A>3) is found in some area. Different vatfe 15 2.64 1.07| 0.4z 333.7
A might be found in the same value of natt 16 278 205| 3.17 [397.74
frequency. It can be noted that the variation o 17 1.68 238 337 |222.99

value is not strongly affected by the soil de 18 1.24 1.6 206 | 4505
Taikkyi 19 1.17 272 6.3z |173.11
i B LTt S 20 1.27 317 | 7.91 |13547
% \ 21 1.22 296 | 7.1& |139.01
— HW +
e 22 1.71 1.87| 2.04 |314.02

iy bh e O LiTearonN

23 125 | 3.11| 7.74 |234.54
i 24 119 | 2.32| 45z [227.27
[Ea 1R B . o e &Y 25 156 219 30_/ 23077
26 1.46 | 2.05| 2.8¢ [275.51
i 27 132 | 2.65| 5.3z |169.86
1 iy 8 2 252 | 3.1¢ |267.61
- 29 2.54 2.31| 2.1C |237.96
- L s r— 30 | 1.88 | 1.73] 1.5¢ | 360

720" N

31 1.66 3.25| 6.3¢ |156.13

32 1.46 2.55| 4.4t |270.61

el el e K e et o e e e e T SR L

e o Ml 33 2.1 2.69| 3.4t |470.31
: Logand 34 2.54 3.02| 3.5¢ |325.44
i GPS_TKY
1T TN . A 1T T
"1. LA Lttt B. Distribution of Soil Vulnerability Index (Kg)
g st e The use of microtremor was later expanded to ifle
1N [ smemammen | beey - the vulnerability index for ground (Nakamura, 19
L 2w .3 284000 1997, 2000, 2009; Daryono et al., 2009) [:
v e S | T = ... Nakamura (1997) introduced a vulnerability inc
Stk e e e e i parameter (Kg), wich combined A and F 1

determine soil damage level due to the local

effects. Thus, Kgcan be considered as an index
indicated easiness of deformation of points whg
expected useful to detect weak points of the gro
To estimate soil vulnebdlity index (Kg), the value of

Figure.12 thalistribution of amplification factc
values in the study are
TABLE.| FREQUENCY,AMPLIFICATION
FACTOR ANDVULNERABILITY INDEX FOR

STUDY AREA shear strainy) need to be considered (Nguyen, et

2004). The vulnerability index (g) is limited in that
from y = 1000 x 10 ground begins to show n-
linear character and iy > 10,000 x 1° large
deformation and dtapse occur. Nakamura (19¢

1 256 | 2.08] 1169|3548/ S had written the equation 2 that as follo

2 1.61 1.84 2.10 | 374.2¢| Sc

3 122 | 1.85| 2.81[3281:| S r=Kgxap (in 10°) & Ky= A® (in 10°) (2)

4 1.64 3.16 6.09 | 267.2!| Sp F

5 2.78 3.07 3.39|329.4«| SD

6 3.71 2.82 2.14 | 404.2F | Sc whereaob is the acceleration of basement ground, .

7 4.42 2.69 1.64 | 473.c % amplification factor, F is the fundamental freque

8 2.03 2.88 4.09 |355.8¢| S of surface ground. Based on above equation, the

9 1.51 2.49 4.11 | 270.¢ S effective strain can be estimated by multiplying

10 273 3.19 3.73 | 235.¢ SD value with maximum acceleration of basement grc

11 286 1.93 1.30 | 441.1| S ab in Gal (cm/$) and can be considered as an inde
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indicate easiness of deformation of measured pc
which is expected to beseful to detect weak poir
of the ground.Figure. 13 shows the distribution

vulnerability index (K¢ having values ranging fro
0.44 to 7.9. In this studyb = 0.2 g (200 Gal) ar V

= 800 m/s, fory >1000 x 1@ then the tg value > 5;
and fory > 10,000 x 18 the Kgvalue > 50. Based ¢
the above criteria, for the value ofg50 was not
found and Kg> 5 was found at some points in t
study area. Some area are found that vulneral
index (Kg < 5. The minimum value of (g) is 0.43
and maximum value of (Kgs 7.9 for this study are
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Figure.13 The distribution of vulnerability indeXg)
values in the study are
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The following figures show frequencies, amplificait
factor and vulnerability (Kgvalue for each sit
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Fig.14 (a) Frequenciemd Period (b) amplificatio
factor (c) vulnerability (lg) value for each site

C. Comparison between actual deformation and
measured results

In this study, table 1 shows the amplificatioictor,
frequency, shear waves and Soil Profile Type
study area. It was found that the higher vulneitgt
index (Kg at the measured point, 19, 20, 21, 23, 27
and 31 as shown in Fig. 8. Almost of these poings
soil profile type SE The pipe suppcs damage were
found between these points. The worst damages
found between 5 to 10 miles far from Gyok
reservoir. The frequencies (F) of above 6 pointse\
lower than 1.7 HZvalues and the vulnerabili
indexes (Kg) were great I > 5. The vulnerability
index Kgis significantly related to the damage of p
supports when the ground is not severely deformg
a result of the study of all measured points amvst
in Fig. 11, 12, 13 and 14.

V. CONCLUSION
The microtremor records along Gyobyu pipelirre
analyzed for 34 positions with Taikkyi area.
attempt has been made to interpret variation:
microtremor H/V spectral ratios in terms of thedkt
site effect. The main conclusions can be summa
as follows:
Seismic waves travel through diffet materials
at different speeds.

» Seismic waves travel through different mater
with different amplitude.
» Bedrock has high frequency I-amplitude waves
(less destructive).
» Sediment has lovirequency high amplitude way
(more destructive).

Therefore the observe amplitude and frequency
reasonable for this concept. Site 4, 19, 20, 21237
27, 31 are more damage pipe support than other
From the results, higher amplification is m
destructive at pipe support in actual dam
condition. There was not found pipe support dam
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at that point. In higher value of Kg (Kg > 5) inrse
points, there are more damage of pipe supports
than points (Kg < 5) in recent earthquake. Tt
results show that the weak location of the soiltfos
area corresponding to recent earthquake, can re
the pipe supports at these location which revea
necessity for an appropriate emergency manage
program.
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