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INTRODUCTION

ABSTRACT

This research is essential as it discusses modelling a two-
dimensional map of soil parameters in Bengkulu City, Bengkulu
Province, Indonesia. The two-dimensional modelling aimed to
show the distribution of soil parameter values based on the
research points strategically distributed throughout Bengkulu
City. These research points were chosen to represent the diverse
soil conditions in the city, making the modelled soil parameters
particularly helpful for engineers and construction consultants
when planning construction in the study area. The parameters
to be discussed include shear wave velocity, cone resistance,
and corrected standard penetration test. This modelling applies
Inverse Distance Weighting as an interpolation method from 215
research points. Inverse Distance Weighting is used because it
helps determine the value of soil parameters around the review
point, especially in two-dimensional modelling. The results
showed that the distribution of the highest value of shear wave
velocity of the clay layer is dominated in the Teluk Segara sub-
district. The distribution of the highest value of cone resistance
of the clay layer is dominant in the Kampung Melayu Sub-district.
The distribution of the highest value of the corrected standard
penetration test of the clay layer is also dominant in the Kampung
Melayu Sub-district.

Bengkulu Province is one of the areas on the island of Sumatra located in the intersection of tectonic
plates known as the Ring of Fire path. The Ring of Fire often experiences earthquakes and volcanic
eruptions with high intensity. Bengkulu City, as part of this region, is particularly significant due to
its proximity to several active seismic sources, including the Sumatra Subduction, Sumatra Fault, and
Mentawai Fault (Figure 1). Mase (2020) stated that seismic impacts due to subduction activities could
have a more severe effect on communities in the coastal areas of Bengkulu City. Mase et al. (2021)
noted in their study that Bengkulu Province has experienced large earthquakes with magnitudes of M,,,
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Figure 1 Seismotectonic Setting Map of Bengkulu City

7.9 and M,,, 8.9 in the last 20 years. As technology develops and construction progresses in Bengkulu
Province, geological data must be available to support construction planning. Minimising construction
failures due to earthquakes or other natural disasters can be done by planning earthquake-resistant
construction. One data needed to plan earthquake-resistant construction is soil geological data with
many parameters. The soil layer is the main foundation that supports the load of a building, which is
channelled through the foundation. Hard soil with more than 14.71 MPa compressive strength supports a
good load. Hard soil can be known by conducting Cone Penetration Test (CPT) and Standard Penetration
Test (SPT) tests directly in the field. In line with the evolution of technology, many studies have been
conducted to find CPT and SPT data without having to do research directly in the field, one of which
is by analysing two-dimensional distribution maps. Geological structure modelling is one of the most
important fundamental aspects of earth science studies, and it plays a role in understanding the
characteristics and dynamics of the earth’s layers (Wellmann and Caumon 2018). Various methods
can be used to develop two-dimensional distribution maps; one widely used interpolation method is
the Inverse Distance Weighting (IDW) interpolation method. This research discusses the distribution
of shear wave velocity (V), cone resistance (q ), and corrected SPT (N, ), which is the value of soil
compressive strength at the 60th beat. The three values above will be presented as a two-dimensional
distribution map using IDW interpolation.

Geological research has made significant progress in two-dimensional modelling soil parameter
distribution mapping. This modelling can provide a clear and in-depth picture of the subsoil conditions
at the construction project site, allowing engineers and planners to understand the geotechnical
characteristics of the soil more accurately, as done by Vollgger et al. (2015) and Pavicic (2018).
Benedetta et al. (2023) have also presented geological distributions in two-dimensional representations,
which depict various aspects of geological structures and the distribution of soil and rock layers. This
representation allows for a clearer understanding of the local geological conditions and assists in further
analysis of geological risks. The mapping of the distribution of soil parameters is based on research on
the subsoil conducted in the study area.

This research presents a novel approach to the distribution of soil parameters. Interpolation-based
two-dimensional distribution maps have not been done much, especially in the Bengkulu City area.
The interpolation in question is Inverse Distance Weighting (IDW), generally used to map a value
based on surrounding values. Mase (2017, 2022) recently studied the seismic response analysis of
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liquefaction-affected areas in the north coastal region of Bengkulu Province, showing that liquefaction
phenomena can occur even in relatively shallow layers dominated by sand layers. Mase et al. (2024a)
studied the soil layer in the Dendam Tak Sudah Lake area, consisting of two main layers: sand and clay.
Mase et al. (2024b) are studying the soil layer profile along the Muara Bangkahulu River; the soil
profile in the research area tends to be basin-shaped with relatively shallow bedrock. Based on the
research conducted in Bengkulu City by Mase (2017, 2022); Mase et al. (2024a, 2024b), this study
interpolates the distribution of soil parameters through shear wave velocity (V), cone resistance (q,)
and SPT correction (N, ), which are presented in the form of two-dimensional maps.

This research employs a two-dimensional modelling technique to present the distribution of soil
parameter values across Bengkulu City. This technique provides a visual representation of the soil
parameter values, making it easier to identify points with the highest and lowest values for each
parameter. This information is crucial for planning structures and understanding the geological
conditions at each research point. The technique involves integrating data from two x-y axes, such as
a visual representation of the research point and value distribution based on a colour indicator. The
two-dimensional modelling presented as a map will be helpful for engineers to illustrate the value of
shear wave velocity, cone resistance and N-SPT correction in Bengkulu City when planning a future
structure.

METHOD
Study Area

The geological conditions in the study area are presented in the form of a Geological Map in Figure
2, showing the geological formations of the study area. The geological formations are dominated by
alluvium terraces (Qat) and alluvium (Qa) found along the coast to the centre of Bengkulu City (Mase
2017,2020). There are also four smaller formations: Bintunan formation (QTb), andesite (Tpan), swamp
deposits (Qs), and reef limestone (QI). There are 215 research points spread across nine sub-districts
in Bengkulu City: Muara Bangkahulu, Teluk Segara, Sungai Serut, Ratu Samban, Ratu Agung, Singaran
Pati, Gading Cempaka, Selebar, and Kampung Melayu. The research area is bordered to the north and
east by Central Bengkulu Regency, to the west by the Indian Ocean, and to the east and south by Seluma
Regency. Local geological formations greatly influence the distribution of interpolated soil parameter
results. Factors such as rock types, soil strata and geological structures can cause soil density and
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Figure 2 Geological Map of Bengkulu City
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strength differences. This can result in uneven distribution patterns, so it is essential to understand
the local geology to make the interpolation model more accurate and infrastructure design decisions
more informed.

Data Availability

The available data describes each soil parameter spread across the investigation points according to
the longitude and latitude coordinates. The parameter values are presented as pie charts consisting of
three soil parameters, and each parameter consists of five pie charts representing the subsoil layers.
Five layers of soil are obtained from the representative of each layer according to the type of soil and
they are divided into five main layers of soil consisting of layers of sand, clay layers, soft rock layers,
medium rock layers, and hard rock layers. The sand layer dominates as the uppermost layer, the clay
layer is found at a depth of 29.60 m, the soft rock layer at a depth of 61.44 m, the medium rock layer
at a depth of 120.31 m and the hard rock layer at a depth of 222.20 m. Based on the data presented in
pie charts, the values of shear wave velocity (V) vary from 141 m/s to 2957 m/s, as shown in Figure 3.
The cone resistance (q,) values shown in Figure 4 show values of 14 MPa to 302 MPa. Figure 5 shows
the corrected SPT (N, ) values, which range from 3 blows/feet to 60 blows/feet.
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‘. m241-341 6% ®162-221
m 341-441 m221-281
m441-542 m 281-340
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(a) (b)
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( m328-478 = 608-834
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=927-1077 m1512-1738
(©) (d)
2% Vs (m/s)
m 1428-1734
u 1734-2040
m2040-2346
m2346-2652
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Figure 3 Shear Wave Velocity (V) value, a Sand layer, b Clay layer, ¢ Soft rock layer, d Medium rock
layer, e Hard rock layer
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Inverse Distance Weighting (IDW) Interpolation Method

Interpolation is a method of finding data values based on a known value. One of the point-based numerical
interpolation methods used to determine a value is Inverse Distance Weighting (IDW) interpolation.
The application of the IDW method in this research is that the research point used in the interpolation
calculation is determined by finding a circle centred on the interpolated point. At least three points
centred on the reference point are required to calculate the parameter value accurately. Using a search
circle can significantly affect the performance of the IDW method (Figure 6) (Harman et al. 2016).
The empirical function can determine the modelled mathematical equation (1).

f0=f()€0),f(xl),...,f”=f()ﬁ‘”) (1)
Various studies have compared the IDW interpolation method with Krigging to determine soil layer
characteristics using several parameters (Elumalai et al. 2017) and (Rostami et al. 2019). IDW
interpolation produces better distribution prediction accuracy than other interpolation methods (Chen
and Liu, 2012).

B Interpolation point
B Reference point

Figure 6 Circle Interpolation

Research Framework

Figure 7 presents the research framework applied in this study. It begins with reading some literature
that discusses interpolation-based two-dimensional modelling. Next, data collection of soil layer
profiles and V_ were recapitulated along with data on soil parameter properties such as q_and N, . The
recapitulated data were analysed using the IDW interpolation method followed by two-dimensional
modelling. The resulting two-dimensional modelling includes a distribution map of V, g, and N,
values. This research aims to understand the distribution of soil properties parameter values in the
form of two-dimensional maps. The results of the map presentation can be a general description of the
distribution of values in the study area.

RESULTS AND DISCUSSION

Shear Wave Velocity (V)

Figure 8 describes the shear wave velocity values distribution of each soil layer at the research site.
The sand layer ranges from 141 m/s to 642 m/s, with the highest value at several points in the Sungai
Serut Sub-district. The clay layer has values ranging from 102 m/s to 400 m/s, with the highest value
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in the Kampung Melayu sub-district. Selebar sub-district has the highest value with a V_ value range
of soft rock layer of 328 m/s to 1077 m/s. The medium rock layer is recorded to have a value range
of 608 m/s to 1738 m/s, with the highest value at the point of Sungai Serut Sub-district. The lowest
layer, namely hard rock, has the highest value range of 1428 m/s to 2957 m/s, with the highest value
in Teluk Segara District. A high V, value indicates that the soil has good density and strength, making
it more stable and able to withstand loads. Soils with high V_values tend to respond better to seismic
shaking and a lower risk of liquefaction. Conversely, low V', values indicate that the soil may be softer
or less dense, which can increase the risk of settlement, sliding or liquefaction during an earthquake.
Soils with low V_ values may require more careful ground improvement techniques or structural design
to address these potential risks. Research conducted by Jia (2018) states that V_on various soil types,
such as loose gravel, clay, and sand, have values ranging from 330 m/s to 1200 m/s.

Cone Resistance (q,)

Figure 9 presents the distribution map of cone resistance values across all soil layers in Bengkulu City. As
the topmost layer, the sand layer has a value range of 14 MPa to 65 MPa, while the clay layer has a value
range of 10 MPa to 43 MPa. The highest value of cone resistance for the sand layer is in the Sungai Serut
sub-district, while the clay layer is in the Kampung Melayu sub-district, and there are also several points
in the Sungai Serut sub-district. The highest value of the soft rock layer is in the Selebar Sub-district,
with a value range of 33 MPa to 110 MPa. The medium rock layer, with a value range of 62 MPa to 177
MPa, has the highest value and dominates in the Sungai Serut sub-district. Sungai Serut sub-district also
has the highest value for the hard rock layer as the lowest layer, with a value range of 146 MPa to 302
MPa. A high g_value indicates the soil has good density and strength, making it suitable for supporting
heavy structures. This means the soil has good stability and a low risk of settlement or landslides.
Conversely, a low qc value suggests that the soil has lower density and strength, increasing the risk of
settlement, shifting or landslides if used for heavy building foundations. In this case, more profound soil
improvement techniques or foundation design may be required. Khodaparast et al. (2020) stated that
the cone retaining value in soil consisting of clay tends to be smaller when compared to soil with sand
or rock composition. This is due to the difference in physical and mechanical characteristics between
the three types of soil where clay, which has finer particles and is cohesive, allows easier penetration
compared to sand, which is more granular and rock, which is more complex and denser.

Corrected SPT (N,)

The distribution map of corrected SPT values is presented in Figure 10, where generally, these values
are obtained through direct testing in the field known as Standard Penetration Test. The sand layer has
the highest value in the Gading Cempaka sub-district with 25 blows/feet, and the smallest value is three
blows/feet. The clay layer with the highest value dominates in the Kampung Melayu sub-district with
a value range of 24 blows/feet to 27 blows/feet and the smallest value of 7 blows/feet. The average
soft rock layer values range from 15 blows/feet to 22 blows/feet, with the highest value of 29 blows/
feet in the Teluk Segara sub-district. The medium rock layer is dominated by values of 21 blows/feet
to 30 blows/feet, with the highest value in the Sungai Serut Sub-district being 40 blows/feet. Finally,
the hard rock layer has the highest value of 60 blows/feet in the Sungai Serut sub-district, while the
smallest value is 21 blows/feet. A high N value indicates that the soil is moderately dense and has good
strength, to support structural loads well. Soils with high N values are more stable and have a lower
settlement risk. Conversely, a low N value indicates the soil is softer or less dense, which means it is
unlikely to support heavy loads without settlement or displacement. To ensure structural stability, soils
with low N, values may require exceptional repair of foundation design. Wadi et al. (2021) conducted
SPT-N testing in Nigeria, showing that sandy silt clay followed by black cotton soil to a depth of 4.5-6
m has an SPT-N value of 0-26 blows/feet.
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CONCLUSION
Conclusions that can be drawn from this research.

1. The resulting two-dimensional map provides a comprehensive overview based on interpolating of
V,q,and N, values around the survey points. The distribution of these parameter values can serve
as an essential reference for engineers to understand the soil characteristics in the area. With this
information, engineers can make more informed decisions regarding foundation design and con-
struction strategies appropriate for the existing geotechnical conditions.

2. Through the spread map of V, qc, and N values, it is known that the research area consists of five
main layers; sand layers, clay layers, soft rock layers, medium rock layers, and hard rock layers, with
each parameter having the highest value on different layers.

3. This research focuses on the Bengkulu City area and produces a two-dimensional map showing the
distribution of soil parameter values in the area. In this study, the Interpolation Distance Weighting
(IDW) method was used as a data interpolation technique to illustrate the distribution of values.
However, to ensure the accuracy of the data obtained, it is essential to carry out direct validation
through field testing. Thus, this research can provide a more accurate and reliable picture of the soil
characteristics in Bengkulu City

4. This research has the potential to be further developed where the data on shear wave velocity (V)),
q,and N values can be analysed in depth to identify other soil parameters. By carrying out these
advanced analyses, we can gain a more comprehensive insight into the geotechnical properties of
the soil, which in turn can improve our understanding when planning and designing infrastructure
for greater effectiveness.
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