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The data presented in this article contain datasets of passive noise
measurements at regolith sites in Adelaide, South Australia. The data
were acquired using three component (3C) LE-3Dlite Lennartz
seismometers with an eigenfrequency of 1Hz. The data were
acquired at eight sites across Adelaide's regolith in a hexagonal array
layout. Four tests, each with a duration of 30 min, were conducted at
different times. The ambient noise data can be used for both hor-
izontal to vertical spectral ratio (HVSR) analysis and array analyses,
which are essential to obtain the site fundamental frequency and the
ellipticity of the fundamental mode Rayleigh waves at the measured
site. The array analyses are useful to obtain the dispersion curves,
which are needed to estimate the shear wave velocity profile.
© 2018 The Authors. Published by Elsevier Inc. This is an open access
article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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How data was acquired 3 component (3C) LE-3Dlite Lennartz seismometers with an eigen-
frequency of 1Hz

Data format Raw, filtered, analyzed

Experimental factors The passive noise measurements were conducted for at least 2 h at a
sampling frequency of 100 Hz

Experimental features The 3C LE-3Dlite Lennartz seismometers were equipped with an analog-
to-digital recorder & a global positioning system (GPS)

Data source location Adelaide City, South Australia

Data accessibility Data are included with this article

Value of the data

® The ambient noise data can be used in the development of further experiments at other
regolith sites

® The data can be compared to other measurements for provide greater insight

The HVSR curves serve as a benchmark for other researchers

e The data are important to evaluate the reliability of ambient vibration data analysis and for
comparison of other sites with similar or divergent geophysical characteristics.

1. Data

The data in this article contain a series of measurements of ambient noise (microtremor) at
regolith sites in Adelaide, South Australia (Fig. 1). Eight sites across Adelaide's regolith were measured
in a hexagonal array layout. The acquired data contains four continuous ambient noise tests, each
with a duration of 30 min. The ambient noise data, which were acquired in arrays consisting of three
instruments in a triangular arrangement, are important for horizontal to vertical spectral ratio (HVSR)
analyses. The HVSR method was introduced by [1] based on the work of [2]. This HVSR method was
popularized by [3]. Due to its simplicity this HVSR method has been used extensively since 1989. The
data from all seismometers in the hexagonal array can be used to evaluate the dispersion curves in
array analyses, such as spatial autocorrelation (SPAC) analysis [4]. HVSR analyses are carried out to
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Fig. 1. Locality of the collected data sites [5].
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obtain the site fundamental frequency and ellipticity of the fundamental mode Rayleigh waves at
each of the measured sites. The use of the array analyses to evaluate the dispersion curve is motivated
by the objective of analyzing Raleigh waves and excluding Love waves.

2. Experimental design, equipment and analyses
2.1. Experimental design

A hexagonal array with a radius of 50 m was used in the measurement process, as shown in Fig. 2(a).
Eight ambient noise field measurements were conducted in the parklands that surround the Adelaide
city area (Fig. 1) using seven sets of 3-component seismometers. These seismometers record the three
orthogonal components of vibration: two horizontals (i.e. east-west and north-south) and one vertical.
The data were recorded and saved to the internal memory storage within each instrument.

2.2. Equipment

All the seismometers used for the noise data acquisition are three component (3C) LE-3Dlite
Lennartz seismometers with an eigenfrequency of 1 Hz, as shown in Fig. 2(b). These 3C seismometers
were connected to an analog-to-digital recorder [Kelunji digital data recorder, as shown in Fig. 2(b)], a
global positioning system (GPS), antenna and a battery. The digital data recorder was equipped with a
memory disk to store the acquired data. A laptop computer was used for initial setting up and
checking the status of the recording process.

In order to be provide a stable measurement platform at each site, the seismometers were placed
onto of a 20 mm thick circular concrete slab over a generally firm to a stiff ground surface, which was
previously cleared of vegetation and any pebble-sized rubble. The seismometers were leveled by
adjusting the legs so as to minimize any instability during recording. For consistency with the
measured horizontal vibration, all the seismometers were also oriented to magnetic North. Fur-
thermore, to maintain the stability of the seismometer during the data acquisition, all the seism-
ometers were protected from wind-induced vibrations by means of a plastic container and stabilized
with a paving block on top, as shown in Fig. 2(c).

Fig. 2. (a) Array layout; (b) LE3DLite Lennartz seismometer Kelunji Data Recorder; and (c) field setting up of the equipment.
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Table 1
Fundamental frequency, maximum horizontal vertical spectral ratio, number of stationary data and SESAME reliability criteria
checks.

No. Date Hour Jo n Ao Check for reliability

GMT Adelaide GMT Adelaide i ii iii

1 2/10/2014  2/10/2014  6:31:00 a.m. 3:01:00 p.m. 090 13 1282 PASS PASS PASS
2 7:00:00 a.m. 3:30:00 p.m. 088 12 992 PASS PASS FAIL
3 7:30:00 a.m. 4:00:00 p.m. 099 16 1142  PASS PASS FAIL
4 8:00:00 a.m. 4:30:00 p.m. 100 20 11.68  PASS PASS PASS
5 8:30:00 a.m. 5:00:00 p.m. 094 22 1118 PASS PASS PASS
6 9:00:00 a.m. 5:30:00 p.m. 098 23 12.63 PASS PASS PASS
7 9:30:00 a.m. 6:00:00 p.m. 098 25 1331 PASS PASS PASS
8 10:00:00 a.m.  6:30:00 p.m. 1.00 18 11.37 PASS PASS PASS
9 10:30:00 am.  7:00:00 p.m. 100 22 1101 PASS PASS PASS

10 11:00:00 a.m. 7:30:00 p.m. 100 24 1085 PASS PASS PASS
1 11:30:00 am.  8:00:00 p.m. 1.01 23 1199  PASS PASS PASS
12 12:00:00 p.m.  8:30:00 p.m. 1.01 25 1049  PASS PASS PASS
13 12:30:00 p.m.  9:00:00 p.m. 099 26 10.88 PASS PASS PASS
14 1:00:00 p.m. 9:30:00 p.m. 100 26 1128 PASS PASS PASS
15 1:30:00 p.m. 10:00:00 pm. 1.00 23 1153 PASS PASS PASS
16 2:00:00 p.m. 10:30:00 pm.  1.02 23 1143 PASS PASS PASS
17 2:30:00 p.m. 11:00:00 p.m.  1.01 23 1120  PASS PASS PASS
18 3:00:00 p.m. 11:30:00 p.m.  1.01 27 1160  PASS PASS PASS
19 3/10/2014  3:30:00 p.m. 12:00:00 am. 101 25 1111 PASS PASS PASS
20 4:00:00 p.m. 12:30:00 am. 1.02 25 11.63 PASS PASS PASS
21 4:30:00 p.m. 1:00:00 a.m. 100 24 1106  PASS PASS PASS
22 5:00:00 p.m. 1:30:00 a.m. 102 21 10.75  PASS PASS PASS
23 5:30:00 p.m. 2:00:00 a.m. 099 23 1135 PASS PASS PASS
24 6:00:00 p.m. 2:30:00 a.m. 100 19 1149  PASS PASS PASS
25 6:30:00 p.m. 3:00:00 a.m. 1.01 21 11.01 PASS PASS PASS
26 7:00:00 p.m. 3:30:00 a.m. 1.01 23 1162 PASS PASS PASS
27 7:30:00 p.m. 4:00:00 a.m. 102 24 1242  PASS PASS PASS
28 8:00:00 p.m. 4:30:00 a.m. 1.01 23 1235 PASS PASS PASS
29 8:30:00 p.m. 5:00:00 a.m. 1.01 25 1145 PASS PASS PASS
30 9:00:00 p.m. 5:30:00 a.m. 1.00 21 954 PASS PASS PASS
31 9:30:00 p.m. 6:00:00 a.m. 097 28 1152 PASS PASS FAIL
32 10:00:00 p.m.  6:30:00 a.m. 098 29 1292 PASS PASS PASS
33 10:30:00 p.m.  7:00:00 a.m. 098 24 1442 PASS PASS PASS
34 11:00:00 p.m.  7:30:00 a.m. 098 9 13.93  PASS PASS FAIL
35 11:30:00 p.m.  8:00:00 a.m. 096 17 1230  PASS PASS PASS
36 3/10/2014 12:00:00 a.m 8:30:00 a.m. 097 15 1221  PASS PASS PASS
37 12:30:00 a.m 9:00:00 a.m. 098 23 1254 PASS PASS PASS
38 1:00:00 a.m 9:30:00 a.m. 094 14 1356  PASS PASS PASS
39 1:30:00 a.m 10:00:00 am. 096 19 1222 PASS PASS FAIL
40 2:00:00 am 10:30:00 a.m. 1.01 22 1280  PASS PASS PASS
41 2:30:00 am 11:00:00 a.m. 103 16 1255  PASS PASS PASS
42 3:00:00 a.m 11:30:00 a.m. 1.02 12 1236  PASS PASS PASS
43 3:30:00 am 12:00:00 pm. 103 18 11.80  PASS PASS PASS
44 4:00:00 a.m 12:30:00 pm. 1.02 13 1242 PASS PASS PASS
45 4:30:00 am 1:00:00 p.m. 1.02 15 1113 PASS PASS PASS
46 5:00:00 am 1:30:00 p.m. 099 22 1218  PASS PASS PASS
47 5:30:00 am 2:00:00 p.m. 102 15 932 PASS PASS PASS
48 6:00:00 a.m 2:30:00 p.m. 1.00 18 1227 PASS PASS PASS
49 6:30:00 am 3:00:00 p.m. 091 21 12.88  PASS PASS PAS

50 7:00:00 a.m 3:30:00 p.m. 098 17 13.08 PASS PASS FAIL
51 7:30:00 a.m 4:00:00 p.m. 100 22 1279  PASS PASS PASS
52 8:00:00 am 4:30:00 p.m. 1.01 20 1167  PASS PASS PASS
53 8:30:00 am 5:00:00 p.m. 1.01 28 1185 PASS PASS PASS
54 9:00:00 a.m 5:30:00 p.m. 1.01 25 1274  PASS PASS PASS
55 9:30:00 am 6:00:00 p.m. 103 23 1171 PASS PASS PASS
56 10:00:00 a.m 6:30:00 p.m. 102 20 1148  PASS PASS PASS

57 10:30:00 a.m 7:00:00 p.m. 102 22 1047  PASS PASS PASS
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Table 1 (continued )
No. Date Hour Jo n Ao Check for reliability
GMT Adelaide GMT Adelaide i ii iii

58 11:00:00 a.m 7:30:00 p.m. 1.01 27 1127  PASS PASS PASS
59 11:30:00 a.m 8:00:00 p.m. 1.01 20 1056 PASS PASS PASS
60 12:00:00 p.m.  8:30:00 p.m. 1.01 27 1036  PASS PASS PASS
61 12:30:00 p.m.  9:00:00 p.m. 1.00 23 1020 PASS PASS PASS
62 1:00:00 p.m. 9:30:00 p.m. 102 22 1055 PASS PASS PASS
63 1:30:00 p.m. 10:00:00 pm. 1.00 29 1091 PASS PASS PASS
64 2:00:00 p.m. 10:30:00 pm. 1.00 31 1010  PASS PASS PASS
65 2:30:00 p.m. 11:00:00 pm. 102 25 9.16 PASS PASS PASS
66 3:00:00 p.m. 11:30:00 p.m. 101 29 10.01  PASS PASS PASS
67 4/10/2014  3:30:00 p.m. 12:00:00 am.  1.01 29 922 PASS PASS PASS
68 4:00:00 p.m. 12:30:00 am. 101 23 982 PASS PASS PASS
69 4:30:00 p.m. 1:00:00 a.m. 1.01 29 10.52 PASS PASS PASS
70 5:00:00 p.m. 1:30:00 a.m. 1.02 28 1060 PASS PASS PASS
71 5:30:00 p.m. 2:00:00 a.m. 1.03 29 997 PASS PASS PASS
72 6:00:00 p.m. 2:30:00 a.m. 102 18 10.68 PASS PASS PASS
73 6:30:00 p.m. 3:00:00 a.m. 102 29 11.89  PASS PASS PASS
74 7:00:00 p.m. 3:30:00 a.m. 1.02 22 1069 PASS PASS PASS
75 7:30:00 p.m. 4:00:00 a.m. 1.03 28 1198  PASS PASS PASS
76 8:00:00 p.m. 4:30:00 a.m. 102 26 1126  PASS PASS PASS
77 8:30:00 p.m. 5:00:00 a.m. .00 30 1211 PASS PASS PASS
78 9:00:00 p.m. 5:30:00 a.m. 1.00 29 1186 PASS PASS PASS
79 9:30:00 p.m. 6:00:00 a.m. 1.01 30 1240 PASS PASS PASS
80 10:00:00 p.m.  6:30:00 a.m. 097 19 1345 PASS PASS FAIL
81 10:30:00 p.m.  7:00:00 a.m. .01 23 1151 PASS PASS PASS
82 11:00:00 p.m.  7:30:00 a.m. 1.01 19 1179  PASS PASS PASS
83 11:30:00 p.m.  8:00:00 a.m. 095 18 1319  PASS PASS PASS
84 4/10/2014 12:00:00 am.  8:30:00 a.m. 093 16 1151 PASS PASS PASS
85 12:30:00 am.  9:00:00 a.m. 033 16 1358 PASS PASS FAIL
86 1:00:00 a.m. 9:30:00 a.m. 033 8 18.05  PASS FAIL FAIL
87 1:30:00 a.m. 10:00:00 am. 097 12 1129  PASS PASS FAIL
88 2:00:00 a.m. 10:30:00 am. 099 14 1212  PASS PASS PASS
89 2:30:00 a.m. 11:00:00 am. 100 15 12.65 PASS PASS PASS
90 3:00:00 a.m. 11:30:00 a.m. 1.00 19 1155  PASS PASS PASS
91 3:30:00 a.m. 12:00:00 pm. 102 17 1199  PASS PASS PASS
92 4:00:00 a.m. 12:30:00 pm. 100 22 1191 PASS PASS PASS
93 4:30:00 a.m. 1:00:00 p.m. 1.01 16 12.84 PASS PASS PASS
94 5:00:00 a.m. 1:30:00 p.m. 1.00 16 13.72 PASS PASS PASS
95 5:30:00 a.m. 2:00:00 p.m. 1.00 23 1318  PASS PASS PASS
96 6:00:00 a.m. 2:30:00 p.m. 102 17 1312  PASS PASS PASS

2.3. Equipment repeatability

Prior to data acquisition, all of the equipment sets were examined to assess their repeatability. All
equipment sets were run simultaneously at the same location, with a separation distance of
approximately 0.5 m from one another for at least two days. The results of this huddle test are
presented in Table 1 (where fj is the fundamental frequency; n is the number of windows selected for
the average HVSR curve; Ag is the HVSR peak amplitude at frequency fy; and i, ii, and iii are the criteria
suggested by [6] to assess the reliability of the HVSR curves. The HVSR curves from the huddle tests
that passed the SESAME reliability criteria, were plotted with respect to HVSR amplitude and fre-
quency. The results are presented in Fig. 3, which demonstrates very similar curves, particularly
between 0.8 and 10.0 Hz. A high dispersion is shown from a frequency of 0.8 Hz, downward to 0.25
Hz, which suggests a low noise source intensity over this frequency interval. Further investigation of

this huddle test is available in [7].
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Fig. 3. HVSR curves of all adopted seismometers and the envelope of HVSR test results from two continuous days of
measurement over 30-min time periods.
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Fig. 4. Example results of identification of data from an industrial source.

2.4. Detection of industrial origin

The Geopsy [8] damping toolbox was used to detect the presence of any vibration originating from
an industrial source. Data from an industrial origin is concluded if the damping is much lower than 1%
and the frequency is sustained. This identification is important in the HVSR analysis. Example results
are shown in Fig. 4. Further details of all such analyses are included in Appendix A of the Supple-
mentary Data associated with this paper.
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DATE 16/06/2015 IHOUR: 11:45 AM |PLACE : Adelaide, South Australia
OPERATOR : D. Love & B. Setiawan GPSTYPE and# Digital Satellite GPS
LATITUDE -34.902 ILONGITUDE 138.592 ALTITUDE: -
STATION TYPE SENSOR TYPE
TEMPORAL STATION SEISMOMETER LE-3Dlite LENNARTZ
STATIONZ: SENSOR#  BOX3,BOX6&BOX7
LOCATION #01 DISK#: BOX 3,BOX 6 & BOX 7
FILE NAME: POINT# near
BOX 3,BOX 6 & BOX 7 Barton Terrace West
GAIN: SAMPLE FREQ.: REC. DURATION:
- 100Hz Filltered At least 2 hours
WIND Elnone |:|-eak I:]medxum Dsuong Measurement (if any):
WEATHER RAIN Enone Dweak Dmedmm [:]strong Measurement (if any):
CONDITIONS
TEMPERATURE (APPROX) 16 °C  Remarks
[ X Jearth (HARD / 80FF ) [ Joraver [ Jsand [ X Jarass (SHORT/¥At)
GROUND TYPE Dasphalt Dcement I:looncrete Dpaved [:lother
Edr,' soil l:lwet soil  Remarks:

ARTIFICIAL GROUND-SENSOR COUPLING

‘z]no D yes, type:

BUILDING DENSITY mnone Dscattered Ddense |:]other type: Park Land
MONOCROMATIC NOISE SOURCES
® ) \
TRANSIENTS e g (factories, works, pumps, rivers,...)
@ % = g I:]no myes. type: water pump
S| &| 2| 2| e| .distance
cars X ~80m NEARBY STRUCTURES [Wes polls builings. bridges ]
trucks X ~80m (description, height, distance) | underground structures
pedestrians X BOX 7 is about 80 m from Aquatic centre (pump
other station???)
-type of other

Fig. 5. Example of a field data sheet.

2.5. Field data and Analyses

2.5.1. Field data

At each survey location, noise measurements were conducted for at least 2 h, at a sampling fre-
quency of 100 Hz. Field data were filtered using a cutoff frequency of 50 Hz. Only recordings on three
instruments (in a triangular arrangement) were used for the horizontal to vertical spectral ratio
(HVSR) analysis and the vertical seismometer readings from all instruments were used to analyze the
spatial autocorrelation (SPAC). At each of the 8 sites, four tests, with a duration of 30 min, were
conducted at different times using all instruments. An example of the field data sheet is shown in

Fig. 5. All the field data sheets are included in [9].
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2.5.2. HVSR analysis
Analysis of the spectral ratio, between the Fourier amplitude spectrum of the horizontal (H) and

vertical (V) components of the ambient noise, is fundamental to the horizontal to vertical spectral
ratio (HVSR) method.

The selection of the windows with the most stationary wave forms is a crucial initial step in
computing HVSR spectral ratios. This selection is used to exclude transient vibrations [6]. Subse-
quently, in each selected window, the Fourier spectra of each HVSR component are smoothed and
merged by adopting the geometric mean.

The computation of HVSR is performed by taking the root mean square of the horizontal com-
ponents of the Fourier amplitude spectra (Fys and Fgy) divided by the vertical component frequency
spectrum (Fyp) [10], as shown below.

M

In the process, several parameters (window length, threshold of the short-time average/long-time
average (STA/LTA) and the lengths of STA/LTA) were employed. Each selected window was then
smoothed using a smoothing constant of 40 [11].
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Fig. 7. Selected HVSR curves Locations #07 to #10.
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Fig. 8. Shear wave velocity profiles inverted using the classic HVSR ellipticity constraint at Locations #01 to #04.
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Fig. 9. Shear wave velocity profiles inverted using the classic HVSR ellipticity constraint at Locations #05 to #08.
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Fig. 10. Shear wave velocity profiles inverted using the classic HVSR ellipticity constraint at Locations #09 to #10.

HVSR analysis was carried out using the method proposed by [11] to obtain the HVSR ellipticity
curves, from which the site fundamental frequency is obtained. The results of this HVSR analysis, at all
measured sites, are included in Appendix B of the Supplementary Data associated with the present
paper. Prior to the HVSR analysis, as presented in this paper, several tentative window lengths (i.e. 25,
30, 35 and 40 s) were trialed to obtain as many reliable HVSR curves as possible, as suggested by [8],
and the 40 s window length was found to be the optimal. Selected HVSR curves from the study areas
are shown in Figs. 6 and 7.

2.5.3. Shear wave velocity profile

Shear wave velocity profiles were obtained by inverting the HVSR ellipticity curves using the
process recommended by [8] and 20 best shear wave velocity models were extracted from the results
of the inversion. The profiles are presented in Figs. 8-10. From the 20 best models, arithmetic mean
and median values of the shear wave velocity were calculated.
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