BAB IV
METODOLOGI PENELITIAN

4.1. Waktu dan Tempat Pelaksanaan
Penelitian dimulai pada Bulan April 2015 hingga Mei 2015 dan bertempat di
Pusat Vulkanologi dan Mitigasi Bencana Geologi, Kementrian Energi dan Sumber

Daya Mineral JI. Diponegoro 57, Bandung.

4.2 Peralatan

Adapun alat dan bahan yang digunakan dalam penelitian ini adalah sebagai
berikut:

1. Seismograf Mark Tipe L-22.3D,dan Datamark

2. Baterai

3.GPS

4. Software Geophsy.org

Gambar 4.1 Peralatan Seismograf
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4.3 Prosedur Pemrosesan Data Seismik dengan Menggunakan Geopsy

Secara umum proses pengolahan data dengan menggunakan metode HVSR adalah

sebagai berikut:
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[ Data Swarm

-Earthworm
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[ Data M

iniSeed ]

A

( Start Geopsy
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Input Data
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Pengolahan data dan Modul hv
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pengamatan gunungapi
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Editing
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Edit Windows
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Gambar 4.2 D

iagram Alir Peneitian
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Tahapan Pengolahan Data

Pengolahan data menggunakan software geopsy melalui metode HVSR
(Horizontal to Vertical Spectral Ratio) untuk mengetahui nilai frekuensi resonansi

dan amplitudo H/V.
4.3.1 Memilih Data (Data EHE.D,EHN.D,EHZ.D)

a. Membuka aplikasi software Geopsy, maka akan muncul:

[ B e - — - == =

File Edit View Waveform Tools Windows Help

PRw- DHNEEHD DEEEERERNEEEREED
Files 5 X

rces.
All signals Alist -
Temporary signals Alist Lond [save ] e TR =
All files Alist _
o -t Rt File format
< n r
Groups | Files © Always ask for file format Custom ASCII formats|

Log 8 x @ Use this format: [ Automatic recognition ~]

Time reference
) Always ask for time reference

©) Use this date
00:00
(@) No common time reference {eave T as is)

Viewing signals after loading
I — ed
an [E] St some fme

One window per file

Messages @ Set from station name when specified in file format
[ Maveform console | Loa () Set "Raooc” a5 name where xoox is the receiver number

Gambar 4.3 Start (Mulainya pengolahan data dengan Software Geopsy)

b. Mengklik Oke pada Kotak kecil Preferences

Geopsy - S - == =
File Edit Wiew Waveform Tools Windows Help ‘ | I I I
B - B s Load Save Memory Viewers Tools. Hv <[>
i g p 2 7 /A
CvPew- DREE EEE 7
= - - File format
Files 2 x
All signals Alist ~ © Always ask for file format |Custam ASCII formats |
Temporary signals A "“lj @ Use this format: | Automatic recognition -
Al files Alist _
a ! - — | i Time reference
Groups Files ) Always ask for time reference
Log & x ) Use this date 2000-01-01
@ Use this time 00:00 =
©) No common time reference (leave T0 as is)
Viewing signals after loading
= i S [=] files are loaded
Do itonly ifless than 2 B e came e
Signal window (Table)
One window per file
Signal window (Graphic)
Signal names
@ Set from station name when specified in file format
(©) Set "Raooc” as name where oo is the receiver number
Messages
["aveform console | 100

Defaults
Show this dialog an smrmpF

Gambar 4.4 Preferences Geopsy



33

c. Pada Menu File memilih Import Signal dan pilih file.

o
o i —_— T ks

=
[File] Edit View Weveform Tools Windows Help

& Open wo DB HERBERERCOEEADEE@
& X

B save Ctrl+S
Saveas. Alist ~
Close Alist[ ]
Al
@ Import signals y ==
IoprriiEiTs Directory monitoring
EpElia Cil+E Seed stream
Preferences Cityshark card
Quit Ctrl+Q

Me

_Mizveform console | Log

Gambar 4.5 Pemilihan Import Signal

Lalu kemudian cari file penyimpanan data titik-titik

pengukuran, dipilih file (Data EHE.D,EHN.D,EHZ.D)

7~
[ Geopsy - — — — — — — - — =B <
File Edit View Waveform Tools Windows Help

vBe DHED DHIRERANCERA®E 0D
|Files [0 ¢

Al signals atist ~| WI[=] Losd Signals oo ]
Tempeorary signals Alist[ ] ]
Allfiles Alist _ lookin: [ D:\Bahan KP\patalRIN oo o LEE
B - [0 o ﬁ My Computer | EHED!

G il | EHND
[Coes | Fes | R Acer t EHZ.D
lLog 8 x| '

D:/Bahan KP/Data/RIN/EHN.D/355/VG.RIN.00.EHN.D. 365.0,
D:/Bahan KP/Data/RIN/EHZ.D/365/VG.RIN,00.EHZ.D. 365.0

File name:

< m ] »

? Messages f
\Waveform console lan

Files of type: [Signal fle (%)

Gambar 4.6 Pemilihan Data
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d. Pada file Data EHE.D pilih hari dan jamnya, pastikan sama hari dan jam untuk

data EHN.D,EHZ.D. kemudian klik Open.

Wocrr s s (5110 sioras 2

:FII_E_ Edit V\ew \:ﬁbvefulm Tools ' - [LD:W e '] 050 E]
: @ =) ﬁ e I A My Computer || VG.RIN.0O.EHZ.D362.00/ | | VG.RIN.00.EHZ.D.362.15
Files ||| VG.RIN.0O.EHZ.D362.01| | | VG.RIN.00.EHZ.D362.16
All signals k Acer || | VG.RIN.0O.EHZ.D.362.02| | | VG.RIN.00.EHZ.D36217
Temporary signals [ ViG.RIN.00.EHZ.D.362.03: D VG.RIN.00.EHZ.D.36218
Allfiles || VG.RIN.0O.EHZ.D.362.04 | | VG.RIN.OO.EHZ D.36219
Temporary files j VG.RIN.00.EHZ.D.362.05 D VG.RIN.00.EHZ.D.362.20
Permanent files || VG.RIN.ODEHZD362.06 | | VG.RIN.D0.EHZ.D.362.21
VG.RIN.00.EHE.D:362.00 || VG.RIN.OD.EHZ.D362.07 || VG.RIN.00.EHZ.D.362.22
VG.RIN.00.EHE.D362.01 || VG.RIN.0O.EHZ.D362.08 | | VG.RIN.0O.EHZ.D362.23
VG.RIN.0O.EHE.D:362.02 ] VGRIN.OO.EHZ.D.362.00

VG.RIN.0O.EHE.D.:362.03

|| VG.RIN.00.EHZ.D362.10
VG.RIN.00.EHN.D.362.01 __| VG.RIN.0O.EHZ.D.362.11
VG.RIM.00.EHN.D.362.02 || VG.RIN.00.EHZ.D36212
VG.RIN.00.EHN.D.362.03 __| VG.RIN.0OD.EHZ.D.362.13
|| VG.RIN.0D.EHZ.D362.14

ViG.RIN.00.EHN.D.362.00

File name: EHZ.D.362.007 "VG.RIN.00.EHZ.D. 362.01" "VG.RIN.00.EHZ.D. 362.02" "VG.RIN.00.EHZ.D.362.03™

Files of type: [Sglal file (%)

Gambar 4.7 Pemilihan Data EHE.D,EHN.D,EHZ.D
4.3.2 Menghitung rasio H/V untuk mendapatkan nilai frekuensi

a. Pada file Data EHE.D,EHN.D,EHZ.D di blok klik kanan pilih H/V seperti

gambar di bawah ini

B o e " —_—" i

File Edit Wiew Waveform Tools Windows Help

¢vBe DHED DRNEEEANEEEEEED
|Files

8 X

All signals Alist of
Temporary signals Alist of

Al files Alist of
Temporary files Alist of
Permanent files Alist of
VG.RIN.00.EHE.D.362.00 [ Table Ctrl+T
VG.RIN.00.EHE.D.362.01 B Grophic G
VG.RIN.0O.EHE.D.362.02

VG.RIN.OO.EHE.D36203 Map
VG.RIN.0O.EHN.D.362.00 ’
VG.RIN.00.EHN.D.362.01 b
VG.RIN.00.EHN.D.262.02 3] Spectrum
VG.RIN.OO.EHN.D.362.03 [ Damping
VG.RIN.00.EHZ.D.362.00

VG.RIN.0O.EHZ.D.362.01 H/ Rotate
VG.RIN.00.EHZ.D.362.02 Cramrea
VG.RIN.00.EHZ.D.362.03

Gambar 4.8 Pemilihan menu H/V



35

Maka akan mucul H/V ratio toolbox. Klik time

[#] Geopsy - - — r—— i ) e

File Edit View Waveform Tools Windows Help

AL B EEEREEEREEERAREED

Files g x H/V tgolbogtile VG.RIN.00.EHE.D.362.00- File VG.RIN.00,EHE.D362.01 + File VG.AL.[ = || = | & | | 1
All signals Alist of ¥ i
Termporary signals Alist of Time Graphic - File VG.RIN,00.EHE.D.362.00+ File VG.RIN.00.EHE. D.362.01 + File VG.RIN.00 EHE.D36..| = | & |[=5]
All files Alist of Global tin| YE_RIN Z
Temporary files Alist of
Permanent files Alist of From E VeRINZ-
VG.RIN.00.EHE.D.362.00 D:/baha © [g Ve Rz I |
VG.RIN.00.EHE.D.362.01 D:/baha
VG.RIN.00.EHE.D.362.02 Dy/bzha [ useq "6FINZ-
VG.RIN.00.EHE.D.362.03 Di/baha VG_RIN N
VG.RIN.00.EHN.D.362.00 D:/bzha Time: win JG_RIN Ne
VG.RIN.00.EHN.D.362.01 Di/baha p—
VG.RIN.00.EHN.D:362.02 D:/baha VG_RIN N~ —+——“—
VG.RIN.00.EHN.D.362.03 Di/baha Lengt] uo aan - [EENEEENE NN
VG.RIN.00.EHZ.D.362.00 D:/baha
VG.RIN.00.EHZ.D.362.01 D:/baha VG RN Bt
VG.RIN.00.EHZ.D.362.02 D:/baha [T Ba{ vG_RINE- NI I —
VG.RIN.00.EHZ.D.362.03 D:/bsha

[7] Baf VG_RINE— —-}—d—

An| VG_RIN E— { S P A R

[T An 500t adm T T dhdm Cthdom T T2h T zhdom T zhdom T Tsh T shdom dedom 4

Time
[l Com Time D Ampl. D Morm. [Common V] Offset [No V]
View [all stations '] Number of windows D

4| [ r
Initi__a_lizmg stations... 12 signals, 12 files, free cache 479.041 Mb | | 0%

Gambar 4.9 H/V ratio toolbox

b. Mengatur Global time range nya, untuk From pilih TO dan To pilih End. Pada
time windows General, Length pilih exacly 50.00 secon dan pilih atau klik v

untuk anti triggering on raw signal seperti pada gambar dibawabh ini.

Help

Time | Processing | oOutput |

Global time range

From [TO '] Os

T [End =] [en

] use only the properties of the first signal

Time windows

General | Rawsignal | Filter | Filtered signal

Length 50.00 5. =

werlap by 5.00 %%

] Bad sample tolerance 0.00 s.

[ Bad =: reshold 99 %2
Anti M oering on raw signal

[] Anti-triggering on filtered signal

Common Update Select™ -
p

Wiew [all stations = ] Mumber of windows D

Start

24 signals, 24 files, free cache 446.082 Mb | | 0%

Gambar 4.10 Time windows General
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Sedangkan pada Time Windows Raw signal untuk nilai :

STA :1.00s
LTA: 30.00s
Min STA/LTA: 0.20

Max STA/LTA: 2.50

00+File ViG.RIN.00.EHE.D.365.01 + File VG.RIN.00.EHE.D.365.02 + File WG.RIN.00.EHE.D.365.03+File VIG.RIN.00.EHE.D.3...
Help =[] =

Time Processing Qutput

Global time range

From [TU hd ] Os

T [End IR

[] Use only the properties of the first signal

Time windows

General | Rawsignal | Fiter | Filtered signal |

STA 1.00s. / Apply to
LTA 30,00 s, : Vertical =
MNorth L
Min STAATA 0,20 = East 5
Max STAMTA 2.50 = i
[T Wi rIM
Anti-triggering on raw signal
] cammon  [] Update
View [all stations > | Mumber of windows D
Load parameters

24 signals, 24 files, free cache 446.082 Mb | | 0%
Gambar 4.11 Time Windows Raw signal

c. Lalu pada menu Processing, mengatur smoothing contant 60.00 (Gambar 4.12)
dan untuk menu output mengatur Frequeny sampling : from 0.50 Hz to 15.00 Hz

(Gambar 4.13).
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.00+ File VG.RIN.O0.EHE.D.365.01+ File VG.RIN.O0.EHE.D.365.02+File VG.RIN.00.EHE.D.365.03+File VG.RIN.0O.EHE.D.3... [ = g
s Help

HEAEERHEARNEEEREE E D

Time Processing Output

- ([ >

Parameters

Smoothing type [Knnno m T ]

Smoothing constant 50,00 =

Use cosine taper width 5,000 % &

[ High-pass filter 1.00 Hz 2

Horizontal components
@ Squared average
) Total horizontal energy

() Directional energy 0.00 = =

Load parameters Start

24 signals, 24 files, free cache 4456.082 Mb 0%

Gambar 4.12 Pengaturan smoothing contant pada menu Processing

3.00+File ViG.RIN.0O0.EHE.D.365.01+ File ViG.RIN.00.EHE. [.365.02+ File VG.RIN.00.EHE.D.365.03+File VG.RIN.00.EHE.D.3... |o= g
s Help

HEEBEEHRAENEOERAEEED D

[l Frequency sampling / /

- || & *

From 0.50 Hz = to 15.00 Hz =
Step Mumber of samples 100 =
Appearance

Page height 29,7 cm %1 Plots per line 2 -

[ Results make-up

] Summary make-up

[C] output

Directory

Load parameters Start

24 signals, 24 files, free cache 446.082 Mb 0%

Gambar 4.13 Pengaturan Frequeny sampling : from 0.50 Hz to 15.00 Hz.
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Lalu kembali ke menu Time, klik select pilih Auto

| Time Processing Cutput
Global time range |
From [TO v] |Ds |

| = Ed =[x |

Use only the properties of the first signal

Time windows

General | Raw signal I Filter I Filtered signal |

Lenath EXF—
Overlap by [ Auto

Bad sample tolerance 0.00 s. Add

Bad sample threshold Rermnove

Anti-triggering on raw signal Inverse

Anti-triggering on filtered signal Clear
Load m'
Common Update m‘ - :
-

n

= | Mumher of windaws

view [all stations

s elal=l

LI

Lalu akan muncul seperti gambar dibawah ini :
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5 sm'aom T tsm' C 2dm T oz osdm '3§m' "4dm " asm’ osdm 0 SSml T

Time

Time [ Ampl. [ Norm. [Common v | Offset [No <]

[— | view |all stations = | mumher of windows ! | -i
ol 1 o

Gambar 4.14 Graphic H/V
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Untuk meremove sinyal-sinyal yang tidak diinginkan pada select pilih Remove,

dan akan terlihat seperti dibawah ini:

Graphic - File VG.RIN.00.EHE.D.365.00+File VG.RIN.00.EHMN.D.:365.00+ File VG.RIN.00.EHZ.D.365.00 | = | e | 5

-

4l %

VG_RIN Z—Il”llnlllllllunﬂlinmnnnlulunqll+hllllulliu||IIIF“H.“'IIII i

ooox

m

vcsarre YNNI R o mn e mmuimIIIIIIFMMHIIlII

a1 L UCTUTRREEL T LU DT “'“"""IIIII* U1 T T

Is I5||'nI ' ldm ' IlgmI ' de ' IngI ' Bdm ' I3§m 4drn 4§m Sdm ng
Time:

Time D Ampl. D Morm. [C ooooo v] Offset [No v]

I [ =

< | n k

-

4.3.3 Proses FFT Mengubah gelombang signal data rekaman mikrotremor

dari domain waktu ke dalam domain frekuensi

Transformasi Fast Fourier (FFT) dihitung pada masing-masing komponen dari
sinyal yang dipilih dan estimasi yang reliable dari puncak frekuensi hvsr
menggunakan alogaritma smoothing diusulkan oleh konno dan ohmachi ( 1998 ).

Algoritma smoothing didefinisikan pada rumus sebagai berikut :

4

) f
sin( bloglO(E)

f
blOgm(E)

Dimana f adalah frekuensi, fc merupakan pusat frekuensi, dan b adalah koefisien
bandwidth. Nilai b dapat diubah antara 0 dan 100. Nilai b yang lebih rendah akan
mempengaruhi karakterisasi kurva hvsr karena di smoothing dengan variabilitas

lebih rendah dalam frekuensi.
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4.3.4 Menyimpan Gambar Grafik fungsi HVSR

a. Memilih menu time pada toolbox lalu plih start. Maka akan muncul grafik

seperti gambar dibawah ini:

| B b & = B B D) (4 ] (S e & @

=L

File  Edit

Insert

Format

Tocls

100 ¢

Yoy |k

ViG_RIM

N - 1)

Frequency (Hz)

Gambar 4.15 Grafik Hasil H/V HVSR

b. Mengklik dua kali pada grafik, maka akan muncul seperti gambar di bawah.

Atur Y axis dengan nilai :Min 0, Max 8. Atur Graphic Grid Line 0.2 . Atur

Object X: 40;Y:1 ;width:40 height 20.

|Layers | Graphic | Y Axis | ¥ Axis | Object Sheet

4 Identification
Name  result_0

Type |SdFigs::AxisWindow

p] Geometry

X anchor(cm) 40

[-1=]x

HANEDEEHEE O
Format  Tools

Y anchor(em) | 1

Anchar [Top right corner

Width(cm) 40

Height{em) 20

[C] Constant Width/Height ratio
4 Print
Left margin(cm)

Right margin{cm)

Top margin{cm)

Bottom margin(cm)

Resolution

Transparency (alpha)

m

Gambar 4.16 Pengaturan Pada Grafik
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c. Lalu save file grafik dengan memilih menu file, pilih export image,lalu save.

00+File VG.RIN.OO.EHN.D.365.00+File VG RIN.OO.EHZD365.00] o0
© Help — - = =] =
55 [ 7 = e I s e e e 2 = B

Edit Insert Format Tools

[0 MNew Ctri+MN &
Il&® open Ctrl+ O
B save Ctrl+5
Save As...
Preferences
£y Print Ctrl+P
Export image

Gambar 4.17 Save image grafik HVSR

d. Pada menu Tools pilih save result lalu save data.

ws Help | B

IHEEERERIEEEEED

X File Edit Insert Format l Tools '

T’ - Load results /
[ Save results

- Edit peaks

. Statistical comparison

Set categories
Categories to groups

Gambar 4.18 Save data result dalam bentuk file h.v yang menunjukkan nilai
frekuensi dari hasil grafik HVSR
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Gambar 4.19 Hasil Pengolahan Data Kurva fungsi HVSR Dari 1 Nomor Window

Frequency (Hz)

f1

10

VG_RIN



43

Pemprosesan Data

Graphic - File VG.RIN.O0.EHMN.D.006.00 + File VG.RIN.00.EHM.D.006.01 + File WG.RIN.00.EHMN.D.006.02+File ..[ = | = |[==5=|

VG_RIN Z

VG_RIN Z—

VG_RIN Z—

VG_RIN Z—

VG_RIM M

VG_RIM M—

VG_RIM M—

VG_RIM N—

VG_RIN E

VG_RIN E—

VG_RIN E—

VG_RIN E— I

5" 2dm’ " fadm’ 0 T dh ' ' dRdom Codkdom ' "2k U Zhdom T Zhdom 0 'sh 7 Zhdom (o Shdom T T 4l
Time

Time ] Ampl. - [} Morm. [Comman - | offset (Mo -

Gambar 4.20 Prosessing Input Data Tiga Komponen E, N, dan Z terhadap Waktu

Frequency (Hz)

Gambar 4.21 Kurva Fungsi HVSR H/V Amplitudo Terhadap Frekuensi

Frekuensi Fundamental (f0) HVSR | Letusan
3200 PuncakfOVSR
3,000 At=9 Desember 2014 - 24 Desember 2014 |
3 {4 Minggu sebelum terjadiletusan) (X, w .
500 b,
2,600 l At=12 Hari Sebelum terjadiletusan
2400 At=10kiober2014- 21 November 2014 5% (B Desel'“he’zm"'“a"“a" x5 |
2200 _I { 3 Bukan 4 hari sebelum terjadi letusan) r .“J v
+
2,000 +—1
0 gy u':v Py gt »
1,800 X 2
DS e X U
O T0 kY R T |
1400 : L2 A
1,200 T T T T

18/05/201400:00  08/10/201400:00  28/10/201400:00 17/11/201400:00  07/12/201400:00 27/12/201400:00  16/01/201500:00  05/02/201500:00

Gambar 4.22 Grafik Fungsi Frekuensi HVSR Terhadap Waktu
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4.4 Hasil Prosessing Data

Berikut adalah beberapa Kurva fungsi HVSR dengan waktu pengukuran yang

berbeda-beda, seperti pada gambar berikut :

Frequency (Hz)

VG_RIN

Frequency (Hz)

06 08 1 2 4 6 8 10
Frequency (Hz)

Gambar 4.23 Kurva fungsi HVSR Bulan Oktober 2014



45

Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

Gambar 4.24 Kurva fungsi HVSR Bulan November 2014
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Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

Gambar 4.25 Kurva fungsi HVSR Bulan Desember 2014
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Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

Gambar 4.26 Kurva fungsi HVSR Bulan Januari 2015
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4.5 Pengecekan Reabilitas Puncak Dan Tingkat Kejelasan Puncak HVSR

Berdasarkan kurva fungsi hvsr yang diperoleh, maka untuk mengecek apakah
hasil puncak HVSR yang dikerjakan reliable dan memenuhi kriteria, kami

menggunakan script Python dan didapatlah hasil reabilitas dan kejelasan puncak

hvsr. Pengecekan ini bertujuan untuk melihat bahwa hasil yang reliable
menunjukkan  frekuensi hvsr telah memenuhi kriteria diatas 0.2Hz
(SESAME,2004)

e

Gambar 4.27 Script Python Reabilitas Dan Tingkat Kejelasan Puncak HVSR

Dan kami menggunakan kriteria yang terdapat di pada tabel Guideline Sesame

HVSR pada Gambar 4.28
Criteria for a reliable H'V curve
i) fo= 10/ b
and
ii) Ne (fo) > 200
and

iii) oa(f)<2 for 0.5f<f<2f, if f0=0.5Hz
or oal(f)<3 for 0.5f<f<2f; if fo<=0.5H=z

Criteria for a clear H'V peak.
(at least 5 out of 6 criteria fulfilled)

i) 3IF e [fo4, fol | Apw(f) < Ag/2
ii) 3 e [fo, 9f0] | Anv(f') = A2
iii) Ag=>2

iv) fpeax[Anwv(f) £ ca(f)] = fo £5%
V) o < e(fq)

vi) oa(fo) < @ (fo)

* by = window length

= n,, = number of windows selected for the average H'V curve

= n.= L, . n,. fo = number of significant cycles

= f = cument frequency

* fonsee = sensor cut-off frequency

= fz = HW peak frequency

= oy = standard deviation of H'V peak frequency (f; + o)

= ¢ (fo) = threshold value for the stability condition o =< e(fg)

= A, = HV peak amplitude at frequency f,

= By (F) = HW curve amplitude at freguency

= f = frequency between fu'4 and fu for which Aundf) = Axl2

= = frequency betwean f, and 4f, for which Ay (F*) = A2

= gy () = "standard deviation™ of Ay (), oa (F) is the factor by
which the mean Ay (f) curve should be multiplied or divided

* Gieguw (f) = standard deviation of the logAwuv(f) curve, Goguw (f)
is an absolute value which should be added to or subtracted
from the mean logf.uw(f) curve

= 8 (fy) = threshold value for the stability condition oa(f) < 6(f;)

Voo = average S-wave welocity of the total deposits

V. cun = S-wave velocity of the surface layer

= h = depth to bedrock

 hmin = lower-bound estimaie of h

Gambar 4.28 Hasil Criteria untuk Reabilitas
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Dari hasil reabilitas dan kejelasan puncak hvsr maka diperoleh hasil hasil grafik

yakni:
Reabilitas Peak HVSR
600
500
400
300
200
100
0 I 40000000
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Gambar 4.29 Histogram Reabilitas Peak HVSR
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Gambar 4.30 Histogram Kejelasan Peak HVSR
Dari hasil semua kurva fungsi HVSR dari bulan Oktober sampai Desember 2014
dan Januari 2015, maka hasil reabilitas terdapat 479 yang reliable dan 25 yang
tidak reliable dari hasil semua data berjumlah 504. Hasil reliable didapatkan
karena frekuensi hvsr diatas 0,2 Hz (SESAME, 2004). Sedangkan untuk jumlah
kejelasan puncak peak terdapat 217 peak jelas dan 287 peak tidak jelas dari

jumlah data berjumlah 5



