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Summary. The coastal area of Demak is composed of alluvial plains influenced by the pres-
ence of coastal deposits. The alluvial area has materials such as silt clay, grained clay, medium
sand, silty sand, silt, clay, and sediment. Knowledge of soil structure and modulus of elasticity in
the coastal area of the Demak Regency is essential to determine the potential of aquifers in an area.
Research using the HVSR (horizontal to vertical spectral ratio) microtremor method was conducted
to determine the potential for aquifers beneath the ground surface in the Demak Coastal area. Data
collection was carried out at 89 points for 10 minutes using a 3-component TDS type 303S seismo-
graph and a sampling rate of 20 Hz. Microtremor data were processed using Excel, Geopsy, and
Dinver software to obtain the vs and Poisson ratio parameters. The difference between aquicludes
can be determined by combining the vs value with the Poisson's ratio. The value of vs < 350 m can
describe the presence of soft clay, stiff clay and silt structures, while the Poisson’s ratio describes
the saturation of the material. Aquifers can be found with a combination of values ranging from
350 < vs < 1500 m and the Poisson's ratio > 0.3. Potential aquifers with saturated clay aquicludes
are found at stations 5, 57 and 73, while unsaturated clay aquicludes are found at station 61. Poten-

Keywords: Microtremor,
HVSR, Aquifer, the Poisson's
ratio, vs, the Coastal Demak,
groundwater

tial aquifers with silt aquicludes are found at stations 14, 60, 71, 38 and 34.
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Introduction

Demak is a regency in the Central Java Province
located at coordinates 6°4326" — 7°09'43" South
Latitude and 110°27'58" — 110°48'47" East Longi-
tude (BPS Demak Regency, 2020). It borders the
Jepara Regency and the Java Sea to the north, Kudus
and Grobogan Regencies to the east, Grobogan and
Semarang Regencies to the south, and Semarang
City to the west. Historically, the Demak Regency
was originally a swampy area, resulting in unstable
soil structure, particularly on the north coast. Flood-
ing is common during the rainy season, and cracks
in the soil are due to muddy structure during the dry
season (Rahmawan et al., 2016).

Geologically, the coastal area of Demak consists
of alluvial plains influenced by coastal and river sed-
iments (Thanden et al., 1996). Alluvium and coastal
deposits will form an unconfined aquifer (Santosa et
al., 2021). Geoelectric data in the Demak area indi-
cate the presence of an unconfined aquifer around this
research area (Trihatmoko et al., 2020). According to
Nurwidianto et al., (2024), most of the Demak area
has low dominant frequency, indicating the presence

of a very thick alluvium layer (> 30 m). Soil structure
and elastic modulus are important parameters in in-
terpreting aquifer potential. Therefore, to determine
the soil structure and elastic modulus in the coastal
area of the Demak Regency, geophysical methods are
needed, one of which is the HVSR method. This
method compares the spectrum of the horizontal com-
ponent with the vertical component of microwaves by
assuming that most microwaves are shear waves and
ignoring surface waves (Rayleigh and Love waves).
The HVSR method is similar to the transfer
function between sediment wave oscillations and
bedrock. According to Nakamura (1989), this meth-
od is an analytical method based on observations of
shear wave propagation for various geological con-
ditions and can be used to determine the value of the
amplification factor and the dominant period value
in an area that can be estimated from the peak period
of the H/V ratio of microtremors (Nakamura, 2000).
Through inversion, a vs value will be produced that
can represent the presence of rock structures below
the ground surface, as well as the S-wave velocity
value (vs) and the Poisson’s ratio that can represent
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rock structures and the potential presence of ground-
water below the ground surface.

Theory And Geology Research Area

The Demak Regency located on the north coast
of Central Java has a significant potential for tidal
flooding due to the relatively flat terrain and annual
sea level rise. This impacts several villages in the
Sayung District, such as Sriwulan, Tambakroto,
Gemulak, Bedono, Tugu, Surodadi, Banjarsari, Si-
dorejo, and others. The coastal area of Demak con-
sists of alluvial plains influenced by coastal and riv-
er sediments (Mulyono, 1996). Based on lithology,
the area contains silt clay, grained clay, medium
sand, silt sand, silt, clay, and so on. The excavated
rocks in the area are sedimentary.

In general, the HVSR method is a passive seis-
mic method that uses three components in its meas-
urements: two horizontal components (East-West
and North-South), and one vertical component. This
method has been widely used to identify the funda-
mental frequency resonance of buildings and subsur-
face structures. Natural frequency and amplification
are two important parameters resulting from the
HVSR method, and its inversion can be used to de-
termine the characteristics and structure of the sub-
surface, namely the vs value and the Poisson’s ratio
related to the physical parameters of subsurface
rocks (Herak, 2008). Equation 1 can be interpreted
as the longitudinal wave equation. Based on this
wave equation, the longitudinal seismic wave veloci-
ty or P-wave velocity (vp) is obtained as:

1
! 2
vp= HE ®
The velocity of transverse waves (S waves) is a
wave that comes after the primary wave (P wave)
with transverse shear vibrations in a plane perpen-
dicular to the direction of propagation, with a veloci-
ty of 60% of the P wave (Telford et al., 1990). The
value of vs in equation 2 can represent the rock
structure and is written as follows:

= () @

where v; is the S-wave velocity (m/s), A’ is Lame's
constant, u is the shear modulus (N/m?), and p is
the density (kg/m®). S-waves can only propagate
through solids, so they cannot penetrate liquids
(Arintalofa et al., 2020). The vs value can represent
the rock structure.

The Poisson's ratio is the ratio of transverse con-
traction to longitudinal elongation when the rod is
stretched. The Poisson's ratio can be used in the
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analysis of the presence of water in the soil by utilis-
ing transverse contraction to longitudinal strain or
elongation as a result of changes in normal stress
due to compression or dilation (Das Braja, 1993). In
the form of the ratio of the longitudinal wave veloci-
ty vp to the shear wave vs, the Poisson's ratio can be
written as equation 3 (Lay and Wallace, 1995), and
classification is in Table 1:

2 2
_ Vp—2v;

o= 2(1/12,—1752) (3)

Table 1
Classification of Poisson Ratio

Value Range Classification
0.15-0.3 Unsaturated clay, sand and gravel
0.3-0.35 Silt
0.35-0.45 Saturated Clay

Research methods

This research was conducted using a quantitative
descriptive method by collecting data in the form of
microtremor signal measurements in the form of
time-domain seismic signals. Primary data measure-
ment began with the creation of a microtremor meas-
urement survey design of 89 points (Fig. 1) using
Google Earth Pro software with a distance between
measurement points of 1000-3000 m.
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Fig. 1. Map of the location of data collection points in UTM
coordinates
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Microtremor signal measurements were carried out
using a Triaxial Geophone VHL PS 2B and recorded
with a GL 240 type data logger (Yulianto and Yuli-
yanto, 2023a). Seismograph installation requires a
geological compass to indicate the north direction,
and data collection for each point is carried out for
10 minutes with a sampling rate of 20 Hz (Yuliyanto
etal., 2017 and Irham et al., 2021).

The obtained microtremor data was converted to
.dat format using Notepad++ software and then con-

Graphic - File 87.txt

verted to .txt format (Yuliyanto and Yulianto, 2023b).
Once the data were in .txt format, it could be pro-
cessed using Geopsy software to obtain the H/V curve
(Yuliyanto et al., 2017; Nurwidyanto et al., 2023).
Figure 2 shows the microtremor signals captured dur-
ing the measurements and is the initial data. Then,
inversion was performed using Dinver software to
obtain the density, v, and vs values, and depth through
the resulting H/V curve (Figure 3) (Yulianto, Yuli-
yanto 2023).
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Fig. 3. HV curve at station 87
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The results of the inversion have density, vp,
and vs values at each specific depth according to the
characteristics of each area (Yuliyanto et al., 2025).
The Poisson’s ratio value is obtained using the equa-
tion 3. The data is then sorted based on certain
depths, namely 0, 10, 20, 30, 40, 50, 60, and 70 m.
The selection of these depths is to make it easier to
find out specific changes in soil structure within a
range of 10 m. Data modeling was performed using
ArcGIS software, a spatial analysis tool used in the
interpolation process. Interpolation is used to create
2D patterns to estimate values at locations where
data is unavailable or unmeasured based on the val-
ues of known sample points in the surrounding data.

Results and Discussion

Groundwater aquifers can be identified by ob-
serving the vs value and Poisson’s ratio. The vs value
can be used to determine the rock structure in an area.
Based on the ASCE 7-16 classification regarding the
Vs Value, the vs value can be classified into 5 sections.
The first section is the classification of soft soils less
than 175 m/s. The second section is the classification
of medium soils with vs values of 175 to 350 m/s. The
third section is the classification of hard, very dense
soils and soft rocks with vs values of 350-750 m/s.
The fourth section is the classification of bedrock
with vs 750-1500 m/s (Kegeli, 2012). The fifth section
is the classification of hard rocks with vs values of
more than 1500 m/s. The Poisson's ratio can explain
the fluid content contained in a rock.

Aquifers are located beneath impermeable lay-
ers. In this case, the impermeable layer is saturated
with water but cannot transmit large amounts of wa-
ter, or is impermeable (aquiclude). Aquifers in allu-
vial areas are usually found in gravel and sand,
while aquicludes are found in silt and clay. Based on
this, they can be classified into areas that are aqui-
cludes/aquifugs and those that are aquifers. Figure 4
explains the vs values at depths of (a) 0 m, (b) 10 m,
(c) 20 m and (d) 30 m. Figure 5 explains the v; val-
ues at depths of (a) 40 m, (b) 50 m, (c) 60 m, (d) 70
m. Figure 6 shows the Poisson's ratio values at
depths of (a) 0 m, (b) 10 m, (c) 20 m and (d) 30 m.
Figure 7 shows the Poisson's ratio values at depths
of (a) 40 m, (b) 50 m, (c) 60 m and (d) 70 m.

Potential aquifers are found in several locations
in the study area, with three types of aquicludes: sat-
urated clay, unsaturated clay and silt. The differ-
ences between aquicludes can be identified by com-
bining the vs value <350 and the Poisson's ratio
range in Table 1. A v; value <350 (with soft and me-
dium soil structures according to ASCE 7-16) can
indicate the presence of soft clay, stiff clay, and silt
structures, while the Poisson ratio reflects the satura-
tion of the material. Aquifers can be found by the
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presence of a combination of values ranging from
350 < v < 1500 and the Poisson's ratio > 0.3 (in al-
luvial areas) (Yuliyanto, Nurwidyanto, 2021).

The potential for aquifers with saturated clay
aquicludes is found at stations 5, 57, and 73, while
unsaturated clay aquicludes are found at station 61.
Station 5 shows the presence of a 50 m thick aqui-
clude (0-50m) with saturated clay and sand as an
aquifer at a depth of more than 60 m. Station 57 has
an aquiclude at a depth of 0-30 m and an aquifer at
a depth of 40-60 m. At a depth of 70 m there is no
potential aquifer. Station 73 has a 30 m thick aqui-
clude with a depth of 0-30 m, and an aquifer was
found at a depth of 40 m with a thickness of more
than 30 m. Station 61 has an unsaturated clay aqui-
clude with a thickness of 40 m (0-40 m), and sand
was found as an aquifer at a depth of 50 m with a
thickness of more than 20 m.

The potential of aquifer with silt aquiclude is
found at stations 14, 60, 71, 38 and 34. Station 14
shows the presence of a 40 m thick aquiclude (0-40 m)
with silt and sand types as aquifers at depths of more
than 50 m. Station 60 has an aquiclude at a depth of
30-40 m and an aquifer at a depth of 50 m with a
thickness of more than 20 m. Stations 71 and 38 have
a 60 m thick aquiclude with a depth of 0-60 m, and an
aquifer was found at a depth of 70 m. Station 34 has
an unsaturated clay aquiclude with a thickness of 10
m (40-50 m), and sand was found as an aquifer at a
depth of 60 m with a thickness of more than 10 m.

Stations 1, 2, and 51 are areas with sand litholo-
gy, as evidenced by the presence of vs values
ranging from 350 < vs < 1500 and the Poisson’'s ratio
< 3. Previous research by Trihatmoko et al. (2020)
showed a similar interpretation using the geoelectric
method. The results of the geoelectric (GL-04) from
that study showed a resistivity value of 2.38 at a
depth of 10 m, which can be classified as sand satu-
rated with seawater. Depths of 20-60 m indicate a
classification of a sand layer with clay inserts. This
justifies the use of this microtremor method in de-
termining subsurface potential.

Conclusion

The difference between aquicludes can be
identified by combining the vs value with the Pois-
son's ratio. A vs value < 350 m can indicate the
presence of soft clay, stiff clay, and silt structures,
while the Poisson's ratio indicates the material's
saturation. Aquifers can be identified by a combi-
nation of a range of 350 < vs <1500 m and the Pois-
son's ratio >0.3. Potential aquifers with saturated
clay aquicludes are found at stations 5, 57, and 73,
while unsaturated clay aquicludes are found at sta-
tion 61. Potential aquifers with silt aquicludes are
found at stations 14, 60, 71, 38, and 34.
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Fig. 7. Poisson ratio modeling at depth (a) 40 m, (b) 50 m, (c) 60 m, (d) 70 m
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ONPEJEJEHUE MOTEHIUAJIA BOJOHOCHOI'O CJ0S AJLTIOBUAJIBHBIX OTJIOKEHUIA
C UCITOJIB3OBAHUEM METOJA TOPU30OHTAJIBHOI'O U BEPTUKAJIBHOI'O CIIEKTPAJIBHBIX
OTHOUIEHUI (HVSR) HA IPUMEPE ITPUBPEKHOM 30HBI IEMAKA, UHIOHE3HUSI

HypsBuassaaro M.I.*, Xapmoko V., 'epHoBo P., ®epnanno I'.A.
Dakynemem usuku, Gaxyiomen ecmecmeeHHbIX HAYK U Mamemamuku, Ynusepcumem [unonezopo, HnooHesus
Cemapane 50275, HnOowHe3us
*4Aemop, omeeuaiowuil 3a nepenucky: irhammn@gmail.com

Pe3ztome. TlpubpexHnast 30Ha JleMak COCTOUT M3 alUTIOBHATBHBIX PABHHUH, HA KOTOPbIC MOBIUSIIO HAMYKE TPHOPEIKHBIX OTIOXKE-
HUM. AJUTIOBHAJIbHAS 30HA COJACPXKUT TaKWE MaTepUalbl, KaKk MJIOBas TVIMHA, 3€PHUCTAs TJIMHA, CPEAHUNA MECOK, UIMCTBIA MECOK, W,
IJIMHA U 0CaJI0K. 3HaHHE CTPYKTYPHI ITOYBBI U MOJYJISl YIIPYTOCTH B IPHOPEKHON 30He OKpyra Jlemak HeoOXOIUMO /IS ONpeIeNICHUs
HOTEHIIMaa BOJOHOCHBIX TOPH30HTOB B ATOM paiioHe. MccnenoBanusi ¢ ucrnoip3oBanneM Merona mukpoceiicM HVSR (ropuzon-
TAJILHO-BEPTHKAIBHOE CIIEKTPAIbHOE OTHOIIECHHUE) OBUIM NMPOBEIEHBI JUIS ONMpEeNeHNUs MOTeHIHANa BOJOHOCHBIX TOPH30HTOB IO
MIOBEPXHOCTEIO 3eMJIM B IIpHOpeskHOi 30He Jlemak. COOp maHHBIX MpoBoamics B 89 Toukax B TedeHHe 10 MHHYT C HCIOJIB30BaHUEM
3-kommoHeHTHOTO ceiicMorpada TDS tumna 303S u yactotoit muckpernsanuu 20 ['n. JanHbIe MEKpOceiicM 00padaThIBATUCE C TO-
MOILBIO IIporpaMMHoro obecrieuenust Excel, Geopsy u Dinver st mony4esuns mapamerpoB Vs U kodddurmenta [lyaccona. Pasuuiy
MEX/y BOAOYIOpPaMH MOXHO ONPENENNTh, 00beIMHIB 3HaYeHHe Vs ¢ Kodduimentom ITyaccona. 3nayenue Vs < 350 M MoXxer Xxa-
PaKTepU30BaTh HAIMUME MATKHX INIMHUCTHIX, MUIOTHBIX TIMHUCTBIX M MIIOBBIX CTPYKTYp, B TO BpeMs kak kod(dumment Ilyaccona
XapaKkTepHU3yeT BOAOHACHIIIEHHOCTh MaTepuana. BogoHOCHbIE TOPU30HTEI MOTYT ObITh OOHApY KEHbI MIPU COUCTAHWHU 3HAUYEHUIl OT
350 < vs < 1500 m u xoadduimente Ilyaccona > 0.3. IToTeHIHaIbHbIE BOJOHOCHBIE TOPU30HTHI ¢ HACBHIIEHHBIMH IJIMHUCTBIMU BOJIO-
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yrnopaMu oOHapy»eHBI Ha CTaHIUAX S5, 57 u 73, B To BpeMs Kak HEHACHIIICHHbIE TNIMHUCTBIC BOZOYIOPH! — Ha ctaHimu 61. IToTten-
[UaTbHBIe BOJOHOCHBIE TOPH30HTHI C MIIOBBIMH BOIOYIIOpaMH oOHapysKeHsI Ha cTaHImsx 14, 60, 71, 38 u 34.

Knioueswie cnosa: muxpompemop, HVSR, godonocnuiii cnoii, kosgpguyuenm Ilyaccona, Vs, npubpesicnas 3ona Jfemax, epynmo-
8ble 600bl

INDONEZIYANIN DEMAK SAHIL ZONASI NUMUN®SIND® UFUQI SAQULI SPEKTRAL BLAQOLOR (HVSR)
METODUNDAN iSTIFAD® EDOROK ALLUVIAL COKUNTULBRIN SULU QATININ POTENSIALININ TOYINI

Nurvidyanto M.1.*, Harmoko U., Gernovo R., Fernando G.A.
Fizika fakiiltosi, tobiat elmlori va riyaziyyat fakiiltosi, Diponeqoro Universiteti, Indoneziya Semarang 50275, Indoneziya
*Yazismalara cavabdeh olan miiallif: irhammn@gmail.com

Xiilasa. Demak sahil zonasi. Sahil ¢okiintiilorinin tasirine moruz qalmug alliivial diizonliklordan ibarstdir. Alliivial zonada lil, gil,
danovar gil, orta qum, lilli qum, lil, gil va ¢okiintii kimi materiallar var. Demak sahil bolgasindoki torpagin strukturu va elastiklik
modulu hagqinda molumat bélgadaki sulu tobagslarin potensialini tayin etmok iigiin lazimdir. Demak sahil zonasinda Yer sathinin
altindaki sulu tobagslorin potensialini toyin etmak tigiin HVSR mikroseysm metodundan (iifliqi saquli spektral nisbat) istifads edarak
todgiqatlar aparilmigdir. Malumatlarin toplanmasi 89 néqtads 10 dagigoe arzinds 3 komponentli TDS tipli 303S seysmograf vo 20 Hz
niimuns daracasi ilo aparilmigdir. Mikroseism moalumatlari vs parametrlori va Poisson omsali aldo etmok tigiin Excel, Geopsy va Din-
ver programi ilo iglonmisdir. Su miiqavimati arasindaki forqgi vs doyarini Poisson amsali ilo birlagdirorok miisyyan edils bilor. Vs
dayari < 350 m yumsaq gil, six gil va lil quruluslarinin méveudlugunu Xarakterizo edo bilar, Poisson amsali iso materialin Su doy-
masini xarakterizo edir. Akiferlor 350 < vs < 1500 m va Poisson omsali > 0.3 arasindaki doyarlorin birlogmasi ilo agkar edils bilor.
Doymus gil su kegirmayon potensial sulu toebagolor 5, 57 va 73 stansiyalarinda, doymamus gil su kegiricilori isa 61-ci stansiyada
tapilir. 14, 60, 71, 38 va 34-cii stansiyalarda lil su kegirmayan potensial sulu tabagolor agkar edilmigdir.

Agar sézlar: mikrotremor, HVSR, sulu tabaga, Poisson amsali, vs, Demak sahil zonasi, yeralti sular
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