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Abstract

Numerous studies supporting infrastructure construction are currently underway in the New Capital
Territory of Nusantara (IKN Nusantara). A geophysical method known as Seismic Refraction
Tomography (SRT) has been employed within the IKN Nusantara to identify hard and soft layers based
on the P-wave velocity (Vp). The data acquisition involved 24 channels of geophone spaced at intervals
3 and 4 meters. Measurements were conducted alongfour trajectories of 69 and 92 meters, reaching
penetration depths of 12 — 20 meters. P-wave velocity values ranging between 200 — 3500 m/s were
recorded. Additionally, the Unconfined Compressive Strength (UCS) value was determined using an
empirical equation tailored for mudrock-shale lithology, establishing the correlation between Vp and
UCS. In the shallow depths of 0 — 3 meters, UCS values indicated levels below 20 MPa, classifying the
materials as having low to medium hardness. However, at depths greater than 3 meters, this layer
transitioned to material with high hardness levels, as evidenced by UCS rate exceeding 20 MPa across
all trajectories. This suggest that the IKN Nusantara is conducive to infrastructure development.
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Introduction primarily characterized by NE-SW faults,
as illustrated in Figure 1. Ezrahayu and
East Kalimantan is the province where the Supriyanto (2021) also stated that the
capital of the new state (IKN Nusantara), location of the prospective new national
exhibits diverse geological formations that capital has structures in the form of
fundamentally shape soil characteristics. anticlines, synclines, and is thought to
These variations in the soil characteristics contain thrust faults and normal faults.
and geological structures significantly However, there is a lack of in-depth
impact geotechnical properties, analysis and detailed studies on this aspect.
encompassing strength, consolidation, and Generally, regions with such fault
drainability ~ (Efendi,  2023). A structures are considered prone to landslide,
comprehensive comprehension of these a critical factor that demands thorough
geotechnical aspects is imperative for the consideration during the construction-of
strategic planning of secure, sustainable future infrastructures for the area’s
development and the effective mitigation of development.
potential disasters stemming from natural
conditions natural conditions. Seismic Refraction Tomography (SRT) has
become a common method for exploring
Bachtiar (2022) highlighted the prevalent the geotechnical properties of soil
geological structure in the IKN area, (Asamoah et al., 2018; Whiteley et al.,
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2018; Oladotun et al., 2019; Adewoyin et
al., 2021; Shin et al., 2022; Opemipo et al.,
2022; El Hameedy et al., 2023). According
to Jabrane et al. (2023) and Abudeif et al.
(2023), this technique relies on  the
principle of seismic wave retardation,
which is dispersed by layers of rocks
beneath the surface. This dispersion

-

Slope Deposit |

Fluvial — Delta Plain

Delta Front — Pro Delta

produces a representation of the variation in
compressional wave velocity (P-wave
velocity — Vp) within the earth.

This study focuses on assessing the
hardness level of the soil beneath the IKN
to support infrastructure development using
the mentioned geophysical method.

IKN Core Zone
Middle Shelf — Upper Bathyal
Inner — Middle Shelf

Figure 1. Fault interpretation in the facies of IKN area (Bachtiar, 2022).

Geological Background

Geologically, the location of this survey is
included in the geological sheet of
Balikpapan (Supriatna et al., 1995). The top
formations consist of quartz brass with
inserts of sludge, scraps, pebbles, and fine-
layer oleic stones. Quartz brass is the main
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rock in this formation, which has a color
range of green, gray, to brownish, fine to
moderate grains. The Pamaluan Formation
is the lowest rock found in the Samarinda
sheet, and the upper part of the formation
relates to the Bebulu Formation.
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Stratigraphically, according to Bachtiar representing a middle shelf facies. This is
(2022), the geological composition of the illustrated in the stratigraphic column in
study area is characterized by marine Figure 2, with the IKN area highlighted by
sediments attributed to the late Tertiary- red boxes.
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Figure 2. Stratigraphic chart of the regional geology of area (Bachtiar, 2022).

In particular, the research area is situated in precisely where the new state capital of
the Sepaku District, Penajam North Paser Indonesia (IKN Nusantara area) is being
Regency, East Kalimantan Province, developed, as illustrated in Figure 3.
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Figure 3. The map of the research area.
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The study encompassed seismic refraction
data  acquisition,  subsequent  data
processing, and interpretation. The
acquisition phase utilized a DAQLink 11l
seismograph equipped with 24 channels
and a 9 kg hammer sledge serving as the
wave source. A total of four seismic
refraction surveys were carried out, with
one track oriented NE-SW (parallel to the
strike direction) and the remaining three
tracks  oriented relatively NW-SE
(perpendicular to the strike). Track details
are presented in Table 1 below.

Table 1. Track details.
Geophone Track

Tracks spacing length
(m) (m)
1
(parallel to the 4 9
strike)
2 3 6
3 3 69
4 3 69

A simplified flow chart of this study is
shown in the following Figure 4.

Acquisition

Y

/ SRT Data /

L 2
Picking First Break
y

Initial Model
Y

Tomography Inversion

No
@ Yes

/ 2D Model /

Y

Data Interpretation

Figure 4. The map of the research area
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1. Picking First Break. The timing of the
wave is established by identifying the
position of the first break on the
refractive seismic record. The selection
of the first break involves a subjective
assessment to determine its position.

2. Inversion Tomography. This step
involves generating a two-dimensional
model of Vp intersections to illustrate
subsurface conditions.

3. Interpretation and 2D Model of Vp.
The Vp 2D model is scrutinized and
interpreted by comparing the primary
wave velocity (Vp) values with
reference tables or previous research.
Additionally, an analysis is conducted
to assess the concordance of the
interpreted primary wave velocity
results with the geological conditions
at the research site, enhancing the
accuracy of the findings. Subsequently,
the Vp values are incorporated into
Equation 1.

UCS = 12.746 % Vpt194 1)

This equation is an empirical
relationship applicable to mudrock—
shale rocks and siltstone or flax rocks
(Poulos, 2021). The calculated results
are employed to ascertain the hardness
level or provide geotechnical
descriptions, as outlined in Table 2.

Table 2. Relationship between Vp dan UCS
(Poulos, 2021)

Vp (km/s)  Geotechnical Desc. (kj/lgi)
<20 Low §trength rock <10
20_25 Medlu:gcsiirength 10— 20
25-35 " Daited joimed 20~ 0
70 Very high strength > 60

rock

Results and Discussion

Seismic Refraction Tomography (SRT)
cross-section on Track 1, Track 2, Track 3,
and Track 4 are shown in Figure 5. The
color bar in the figure represents the value
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of the Vp, where the blue to red color shows
the Vp from low to high.

Cross-section of Track 1, as depicted in
Figure 5a, indicates the presence of two
lithologies: soil and clay shale. Lithology 1
represents soil with a P-wave velocity
ranging from approximately 700 to 1000
m/s and an average thickness of 2 meters.
The soil near the surface is categorized as
soft soil with a Vp around 700 to 800 m/s
and a thickness of approximately 1 meter.

The undulation Vp contour lines indicate
the heterogeneous presence of soil-
containing material close to the surface.
Between 50 and 80 meters, there is a change

in the relative descent of the contour
pattern, interpreted as subsidence or a
decrease in seismic profiles.

In general, higher Vp values correspond to
materials with greater geotechnical strength
due to increased density, while porosity,
weathering, and fracturing decrease. The
Vp values can be utilized to calculate the
Ultimate Compressive Strength (UCS). In
Track 1, the predominant lithology falls
into the high-strength rock category, with a
calculated UCS ranging from 22 to 51 MPa.
Conversely, the soil near the surface is
classified as low to medium strength rock,
with a UCS value less than 15.85 MPa.

Line 1,20 WET iterations, RMS error 1.5 %, 1D-Gradient smooth initial model, Version 3.26
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Figure 5. SRT (Vp) section of (a) Track 1; (b) Track 2; (c) Track 3; (d) Track 4.

Track 2, oriented perpendicular to the strike
(NW-SE), exhibits two distinguishable
lithologies: soil and clay shale. The soil
layer is characterized by a VVp ranging from
approximately 200 to 1000 m/s, with an
average thickness of 3 meters.

The surface soil, with a Vp of around 200
to 800 m/s, is interpreted as soft soil and has
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a thickness of approximately 1 meter.
Additionally, lithology 2 is identified as
clay shale, featuring a Vp between 1000
and 3500 m/s and located at a depth of 3 to
12 meters.

In Figure 5b, the undulation Vp contour
lines indicate  the  presence  of
inhomogeneous material, particularly soil
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close to the surface. At a depth greater than
4 meters, where Vp exceeds 1500 m/s, the
clay shale layering pattern appears
relatively uniform. This is interpreted as a
relatively stable stratum without structural
features such as fractures or faults.

The cross-section of Track 2 is
predominantly classified as medium-high
strength  rock category with UCS
calculation resulting in a range of (19-38)
MPa. The surface soil falls into the low
strength rock category, with a UCS value of
less than 6 MPa.

Moreover, track 3 exhibits a lithology
pattern similar to the preceding tracks. The
soil layer has a Vp ranging from
approximately 300 to 1000 m/s with an
average thickness of 2 meters. The surface
soil, with a Vp of around 200 to 800 m/s, is
interpreted as soft soil with a thickness of
approximately 1 meter. The second
lithology is identified as clay shale,
featuring a VVp between 1000 and 3500 m/s,
located at a depth of 3 to 12 meters. The
depth of the clay shale layer on this track is
roughly the same as the one found on Track
2.

The undulation of the Vp contour lines
reveals in homogeneous especially soil
close to the surface. At depths exceeding8
meters with Vp >1500m/s, it is observed
that the clay shale bedding pattern is
relatively deeper compared to other tracks.
These results, suggest that the clay shale is
relatively tilted to the west.

Overall, the dominant section of Track 3
falls into the high-strength rock category,
with UCS calculation results ranging from
(20-22) MPa. The surface soil is
categorized as low-strength rock, with a
UCS value of less than 10 MPa. In Track 4,
which is aligned with the dip direction, only
one lithology has been identified, which is
clay shale, as illustrated in Figure 5d. The
topsoil layer was not discernible as it had
been removed in this area. The clay shale
layer on this track exhibits a Vp ranging

© 2024 Dept. of Geophysics Hasanuddin University

67

from approximately 1000 to 2500 m/s,
extending from the surface to a depth of 12
meters. The undulating Vp contour lines
indicate the presence of material
inhomogeneity, particularly soil close to the
surface. The undulating velocity contour
pattern is attributed not only to the
inhomogeneity of the clay shale material
but also to the influence of noise generated
by the vibrational activity of heavy
equipment actively operating in the survey
area.

On the other hand, the cross-section of
Track 4 is predominantly classified as high-
strength rock, with UCS calculation results
ranging from (24-31) MPa. The surface soil
falls into the medium-strength rock
category, with a UCS value of less than 18
MPa. The UCS calculation results using
Equation 1 are presented in Table 3, which
also provides a geotechnical description
based on the correlation results of Vp with
uUCsS.

Generally, the P wave velocity values from
the results of seismic refraction
tomography (SRT) measurements on the
four tracks show two lithologies, namely
soil with a Vp value of around 200 m/s -
1000 m/s and clay shale with a VVp value of
around 1000 m/s - 3500 m/s, except for
Track 4, only the clay shale layer was
identified and exposed on the surface. In
civil construction terms, clay shale is
classified as an intermediate rock
containing montmorillonite clay
(Ohlmacher, 2000; Akisanmi 2022).

Its presence poses a challenge because of its
low durability making it susceptible to
weathering (Pratama et al.,, 2015).
Therefore, special attention is needed in
civil construction planning to overcome
this factor.

Even though the research area is dominated
by clay shale lithology, the level of rock
strength also needs to be considered to
determine whether construction is feasible
in the area. Based on Table 3, the average
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UCS value of the four tracks is greater than
20 MPa which is categorized as high
strength rock geotechnical material, except
for soil material close to the surface to a
depth of around 3 meters which is
categorized as low to medium strength
rock.

Tanjung et al. (2023) and Amran and
Pradana (2023) claim that properly
compacted clay soil will have increased

shear strength. The mineral content of the
material determines how stable its
swelling-shrinking characteristics are.

This is supported by the results of research
by Susilawati (2022) which states that
measuring the strength of soil and rock by
cone penetration test shows the presence of
a hard layer (Qc >150 kg/cm?) range
between 2.0 — 4.0 m below the ground
surface and locally can reaches 5.8 m.

Table 3. UCS calculation results with geotechnical description.

Track Depth(m)  Vp (m/s) UCS (MPa) Geotechnical Description

0-25 1200 15.8 Medium Strength Rock
25-6 1600 22.3 High Strength Rock
1 6-10.5 2200 32.7 High Strength Rock
105-16 2800 43.6 High Strength Rock
16 -20 3200 51.1 High Strength Rock
0-25 500 5.6 Low Strength Rock

2 25-6 1400 19.0 Medium Strength Rock
6-10.5 2250 33.6 High Strength Rock
105-12 2500 38.1 High Strength Rock
0-3 800 9.8 Low Strength Rock
3 3-75 1500 20.7 High Strength Rock
75-12 1600 22.3 High Strength Rock

0-25 1300 174 Medium Strength Rock
4 25-6 1700 24.0 High Strength Rock
6-10.5 1950 28.3 High Strength Rock
105-13 2150 31.8 High Strength Rock

Table 3 shows a correlation between the P
wave velocity value and the UCS value.
According to Awang et al. (2017) and
Kessler et al. (2017), it is now simpler to
determine UCS value without the necessity
for physical testing on samples or borehole
and sample collection processes because
this empirical link has been acknowledged.
We are able to recognize that the
compressive strength index value is crucial
for the design factor because of the seismic
test that yields the P-wave velocity value
when conducted on the ground surface. One
of the most crucial factors in rock
engineering qualities is the UCS value.

Conclusion
The Seismic Refraction Tomography
(SRT) measurements reveal that the

predominant compression seismic wave
velocity (Vp) exceeds 1500 m/s interpreted
as clay shale which is under the soil layer.
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In civil construction terms, clay shale is
classified as an intermediate rock
containing montmorillonite clay that has
low durability due to weathering. Hence,
special attention is required in civil
construction planning to address this factor.
However, the average UCS value of clay
lithology at a depth of more than 3 meters
is still considered suitable for construction
because it is still greater than 20 MPa which
is categorized as high strength rock
geotechnical material. To be more
convincing, it is necessary to carry out a
MASW (Multichannel Analysis Surface
Wave) survey to analyze the level of rock
stiffness and other geotechnical parameters.
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