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ABSTRACT: The assessment of liquefaction potential is an essential aspect of geotechnical engineering.
However, the conventional Standard Penetration Test (SPT) often presents logistical and practical challenges,
particularly in remote and inaccessible areas. As a result, there is growing interest in alternative methods, such as
the Swedish Weight Sounding Test (SWST), which offers a more practical and economical approach to soil
characterization. This study uses SWST and SPT to conduct a comparative analysis of liquefaction potential in the
Gumbasa irrigation area, specifically in Petobo and Jono Oge, which are susceptible to earthquake-induced
liquefaction. Two approaches were used, converting SWST data into equivalent SPT values through empirical
correlations and directly utilizing SWST values to estimate liquefaction resistance, which were then compared to
SPT-based procedures. In Petobo, the liquefaction resistance derived from empirical correlations shows a 7.18%
difference, while the direct SWST approach yields resistance values 1.6 to 2.4 times higher than those from the
SPT method. In Jono Oge, significant variations in liquefaction resistance were observed due to differences in soil
resistance from the two techniques. However, in the topsoil, a minor gap of 1.54% was observed compared to the
SPT method while using empirical correlations. The direct SWST method yielded values 0.87 to 1.48 times higher
than those from the SPT. Overall, SWST shows promise for evaluating shallow liquefaction, though additional
testing may be necessary for deeper layers. SWST can be a valuable and cost-effective method for preliminary
liquefaction assessments, especially in areas where SPT is logistically challenging or expensive.
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1. INTRODUCTION The term 'Swedish' originates from its early
application in Scandinavia, where it was used by the
In geotechnical engineering, soil investigation is Swedish State Railways to assess roadbed
essential for accurately understanding subsurface degradation. SWST has since been standardized in
conditions. Therefore, several factors need to be European countries through Eurocode 7 [8] and has
considered. According to [1], the minimum number seen widespread adoption in Japan, particularly for
of soil investigations required depends on the specific geotechnical investigations [9]. Its cost-effectiveness,
type of construction. For instance, canal projects along with the ease of mobilizing equipment and
require soil investigations every 50 to 200 meters. conducting field installations, has led to its use in
Moreover, as outlined in [2], soil investigations must other countries like the Philippines and Iran [10,11].
be completed before building permits can be issued A modified version of this method, called the Screw
for construction projects. However, in practice, Driving Sounding Test (SDST), has also been
budget constraints often make it difficult to fully implemented in several countries [12].
conduct these investigations. In Indonesia, the use of SWST is not as
The Standard Penetration Test (SPT) is a widely widespread as it is in other countries. Although the in-
adopted technique for in-situ soil sampling. It situ 'weight sounding test' is mentioned in the [1], it
effectively determines soil properties through does not provide detailed explanations like those
empirical correlations or by analyzing samples in the found in [8]. Since its introduction by a Japanese
laboratory. Parameters obtained from SPT play a reconnaissance team as a technique for post-
critical role in foundation design and in assessing earthquake site inspection in Palu, Indonesian
liquefaction potential [3,4]. However, the test is often researchers have shown a growing interest in studying
costly in terms of mobilization and execution [5], and the SWST [13-15]. The previous application of
it requires precise control of the energy applied to the SWST was also conducted by a Japanese
test rods [6]. Considering these limitations, the reconnaissance team to examine damage from
Swedish Weight Sounding Test (SWST) can serve as earthquake-induced liquefaction during the 1999
either a supplementary or alternative method to SPT. earthquake in Adapazari, Turkey [16]. The
The International Society for Soil Mechanics and liguefaction events in Palu and Adapazari share
Foundation Engineering (ISSMFE) has recognized similar geological characteristics. First, these areas
SWST as one of four standard penetration tests, are formed by alluvial deposits predominantly
collectively referred to as 'weight sounding test' [7]. composed of sand and silty sand. Second, the
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liquefaction events were initiated by earthquakes
triggered by strike-slip fault activity [17,18].

In addition to the geological contributions that
were discussed earlier, [19] states that the
susceptibility to liquefaction in Palu is associated
with the Gumbasa irrigation channel located on the
eastern side of Palu Valley. This canal may have
affected shallow  groundwater  conditions,
contributing to the liquefaction in Petobo and Jono
Oge [20]. As a result, both new and current irrigation
projects need to be aware of the potential hazards
generated by earthquakes, since reliquefaction may
occur during a subsequent earthquake [21,22].

Following the prior discussion, this study
compares SWST and SPT liquefaction potential
calculations within the Gumbasa irrigation channel.
Previous  SPT-based  liquefaction  potential
investigations indicated that the irrigation channel
is still a possibility [23,24]. Nevertheless, no study
has been published to compare the liquefaction
potential results of SWST and SPT around the
Gumbasa irrigation channel. In this comparison of
liquefaction potential evaluations, the SPT-based
procedures [25] will be employed to compare results
obtained from SPT values and SWST values
converted into equivalent SPT values. Additionally,
the liquefaction resistance values, calculated directly
from SWST measurements [26,27], will also be used
to evaluate the liquefaction potential.

The subsequent sections of this article are
organized as follows. Section 2 discusses the research
significance. Section 3 describes the study area,
focusing on the geological and topographical features
of the Gumbasa irrigation region. Section 4 outlines
the methodologies for assessing liquefaction potential
using SPT and SWST, covering both direct and
empirical correlation methods. Section 5 presents and
compares the findings, highlighting the liquefaction
resistance and safety factor values from both methods
in the Petobo and Jono Oge areas. Finally, Section 6
summarizes the main findings and offers directions
for future research.

2. RESEARCH SIGNIFICANCE

This study provides an updated perspective on
liquefaction potential evaluation through cost-
effective in-situ testing techniques like SWST. It aims
to understand better how SWST can be a feasible
alternative by comparing its efficacy and reliability
with the commonly used SPT. The results assist
geotechnical investigators in making informed
decisions, particularly in selecting the most effective
techniques for liquefaction potential assessment.
Additionally, this study may contribute to SWST-
related research in Indonesia, with possible
applications in other regions. Furthermore, it can
offer valuable insights if SWST is later incorporated
into the Indonesian Geotechnical Code.
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3. STUDY AREA

The study area is located in Petobo and Jono Oge,
specifically within the Gumbasa irrigation region.
According to [28], this region has a high
susceptibility to liquefaction. Soil test results from the
SPT and SWST, conducted by a Japanese
reconnaissance team at the research site [29], indicate
that the entire area lies on alluvial plains (Fig. 1a and
Fig. 1b). This ensures that the comparison between
the SPT and SWST data is carried out under the same
geological conditions.

In addition to geological conditions, the proximity
between the SPT and SWST data being compared is
carefully considered. According to [1], every soil
investigation for the canal project must be conducted
at intervals of 50 to 200 meters. This range is selected
to prevent significant variations in the land attributes
being compared, ensuring that the results remain
consistent. Accordingly, two suitable SPT and SWST
datasets, which met these criteria for distance and
geological consistency, were selected for analysis, as
shown in Fig. 1c and Fig. 1d.
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Fig. 1 (a) Spatial distribution of SPT and SWST, (b)
Geological conditions at the research
location modified [30], (c) and (d) Two sets
of data were selected based on the distance
to the soil investigation points

Since this soil investigation serves as the basis for
reconstructing the Gumbasa irrigation channel, it is
important to consider the limitation of the SWST
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method, which can only investigate soil resistance up
to a depth of 10 meters [31]. As stated by [1], the
canal design requires a minimum soil investigation
depth (Zi), as shown in Fig. 2. The Gumbasa
irrigation channel to be constructed has typical
dimensions of 1.2 meters in width (b) and 1.36 meters
in height (h). Moreover, the recommended Zi value
for this project is 3.36 meters, which meets the
minimum criteria for soil investigation using the
SWST method.

b 0.7b

b |Zi =h+0.70

= h+2m
L ) 0.7b

Fig. 2 The minimum depth of soil investigation for
canals modified [1]

Considering the objective of this study is to
evaluate liquefaction potential using SWST and SPT
data, it is essential to examine the distribution of Nspt
values measured at the selected boreholes, as shown
in Fig. 3.
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Fig. 3 Distribution of Nspr values for LP-2 and J-2
boreholes
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An initial indication of liquefaction potential
occurs when the Nspr value is below 10 at depths of
up to 10 meters [32]. A low Nspr value is directly
correlated with relative density [25], with land
subsidence caused by liquefaction increasing as
relative density decreases [33]. Furthermore, [34]
found that the critical depth for liquefaction rarely
exceeds 12 meters. This is consistent with a study by
[20], which observed liquefaction events in Palu at
depths between 2 and 4 meters below the ground
surface, evidenced by post-liquefaction ground
subsidence. Given this understanding, SPT data can
serve as comparative data for assessing liquefaction
potential, while also considering the depth limitations
of the SWST method in soil investigation.

4. METHODS

4.1 Evaluation of Liquefaction Potential Using
the SPT Approach

Based on [1], the SPT-based liquefaction potential
method is performed by carefully applying the
method proposed by [25], which is developed by the
original version proposed by [34]. The original
method was previously used by [35] to assess the
liguefaction potential at two selected locations. The
safety factor (FSiq) is determined by dividing the
cyclic resistance ratio (CRR) by the cyclic stress ratio
(CSR) to assess the probability of liquefaction. The
soil profile at a particular depth can potentially
liquefy if FSjiq < 1.

4.1.1 CSR triggered by seismic activity

At a specific depth, z, the seismic activity can
trigger a cyclic stress ratio (CSR) in the soil profile,
representing a uniform equivalent value equal to 65%
of the peak cyclic shear stress ratio. The peak shear
stress can be determined using the approach
explained in [34], as expressed in Eq. (1).

Tmax Oy Amax
CSRM,G;,ZO'GE — =0.65— 9 rq

Gy Oy

@)

Where 1. refers to the peak shear stress induced
by an earthquake, oy, denotes the effective vertical
stress, o, represents to the total vertical stress at a
specific depth (z), ana/g mean the peak horizontal
acceleration (as a ratio of gravity) at the ground
surface, and ry represents the reduction factor for
shear stress that takes into consideration the dynamic
response of the soil profile. The expression for the
parameter ry can be found in Eq. (2) to Eq. (4).

ra = exp[ a(z) + p(z) - M | 2
a(z) = — 1.012 — 1.1265sin (11% +5133) (39
B(2) = 0.106 — 0.118sin (Tzzs +5.142) 4
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The parameters z and M denote the subsurface
depth in meters and the earthquake's magnitude,
respectively, while the unit of measurement for the
sine arguments is radians.

The method defined in [36] accurately calculate
the peak horizontal acceleration at the ground surface,
denoted as aa. It begins with carefully identifying
the site class by taking into account the average field
standard penetration resistance, denoted as N. The
measurement extends to a depth of 30 meters from the
ground surface and is determined using Eq. (5).

i1 d;

N = —2E
i di/N;

Q)

Where Y.IL, d; denotes the total thickness of the
soil layers within the top 30 meters, and N; is the
measurement penetration resistance in the specific
depth. To obtain the value of ay., the following
equation is applied, as shown in Eq. (6).
amax = Fpea - PGA (6)

The local site effect coefficient, expressed as Fpga
in Table 1, represents the effect of local site
conditions amplification of peak ground acceleration
(PGA). PGA refers to earthquakes recorded in 2018
that caused liquefaction in Palu [37].

Table 1. Local site effect coefficient modified [36]

N Site PGA PGA PGA PGA PGA PGA
Class <01 =02 =03 =04 =05 >0.6
N/A  SA 0.8 0.8 0.8 0.8 0.8 0.8
N/A  SB 0.9 0.9 0.9 0.9 0.9 0.9
>50 SC 13 1.2 12 1.2 12 1.2
Y sp 16 14 13 12 11 11
<15 SE 24 1.9 1.6 14 1.2 1.1
SE requires specific geotechnical investigations

and site-specific response analysis

Note: N/A is Not Applicable.

4.1.2 CRR of soil in the specific depth

The CRR of the soil is affected by the number of
shaking cycles, which is related to the earthquake
magnitude scaling factor (MSF) and the effective
overburden stress, represented by the index K. In
addition, the correlation for CRR is calculated by
using a reference magnitude (M) of 7.5 and an
effective vertical stress (o, ) of 1 atm. This correlation
is then modified for other values of M and o, using
the method outlined in Eq. (7) to Eq. (15).

CRR,\,LG-v = CRRy=75. =1 MSF - K, @)
(N1)60cs ((Nl)GOcs)z
CRR,,- ‘_, =eX + —
M5, vt p( 14.1 126
3 4
((Nl)ﬁocs) +((Nl)6003) _ 2.8) (8)
23.6 25.4
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Where CRRy,_; 5 .-, denotes the CRR for an
earthquake of magnitude 7.5 and an effective vertical
stress of 1 atm. The value of the magnitude scaling
factor is denoted as MSF, and the overburden
correction factor is written as K. The (N;)gocs Value
represents SPT blow counts, which have been
carefully corrected for several key parameters in
order to enhance the accuracy of the analysis. These
parameters include the earthquake magnitude (M),
and calibration factors, A(N1)gg, Cg, Cg, Cgr, Cs, Cn,
which are used to account for various factors such as
fines content correction, hammer energy ratio,
diameter of borehole, rod length, sample tube, and
overburden pressure, respectively. A value of P,
represents air pressure in kPa, o, represents vertical
effective stress, and FC is the fines content of the soil
expressed as a percentage.

A(Nl)GO =exp (163 +

4.2 Evaluation of Liquefaction Potential Using
the SWST Approach

Two different approaches can be employed to
analyze liquefaction potential using SWST; (1) the
SPT-based approach, which specifically involves
converting the SWST data (Nsw) to Nspr values, and
(2) directly utilizing the SWST data. Each of these
approaches yields a CRR value needed to estimate
liquefaction safety factor, FSjiq. However, the CSR
value is still consistently determined by Eqg. (1).

4.2.1 CRR from estimated Nspr values

An empirical correlation between Nsw and Nspr
was originally proposed by Inada (1960) based on
field data collected from highway construction sites
in Nagoya and Osaka, Japan [38]. Inada's correlation
is calculated using Eqg. (16).
NSPT = 2WSW + 0067NSW (16)

Where Wsw represents the weight required for
penetration in kN, and Nsw represents the number of
half turns required to reach a rod penetration of 0.25
meters (ht/m).
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Furthermore, [38] determined an empirical
correlation considering the influence of grain
composition, as formulated in Eq. (17) and Eq. (18).

Nepr = —Vemlgem (Ngy + 40 x W) (17)
€max — €min = 0.23 +0.06/Ds (18)

Where emax — emin IS @ formula developed by [39],
and Dso as the mean grain size in milimeters (mm).

Moreover, the CRR value can be determined by
integrating Eqg. (7) to Eqg. (15) and applying the
estimated Nspr value obtained from Eqg. (16) and Eq.
(17). Then, the CRR will be divided by the CSR from
Eg. (1) to determine the FSiiq value.

4.2.2 CRR from Nsw values (direct approach)

The direct approach is applied to SWST without
using soil samples. The equation given by [26]
applies to two soil types; (1) sand, and (2) sand with
silt and silty sand.

For clean sand (FC < 5%), the CRR is given by
Eqg. (19).

CRR =0.016 / Naw1

For sand with silt (5% < FC < 15%) and silty sand
(FC > 15%), the CRR is given by Eq. (20). The value
of Ny, can be determined using Eq. (21).

(19)

CRR =0.02 / N1 (20)
: 98 . (98

Now1 = (Ngy +40 x Wy,) [==Ngy [ (21)
Gy Gy

The values of Ny, are determined by accounting
for the effects of static penetration and effective
confining stress. FC represents the fines content, Wsw
is measured in kN, and o, is measured in kPa.

When adequate soil samples are collected and the
fines content at each layer is determined, the
influence of fines can be incorporated into the
assessment of liquefaction resistance from SWST
using the Eq. (22) proposed by [27].

CRR = ag, / N1 + B, VFC (22)

Where FC is expressed as a percentage, and oy,
and B, are parameters that change with FC as
follows; ay, is 0.016 and B, is O for clean sand (FC
<5%), ag, is0.02and B, is 0 for sand with fines (5%
< FC < 15%), agy is 0.02 and B, is 0.016 for silty
sand and silt (FC > 15%)).
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5. RESULTS AND DISCUSSION

The selection of two sets of SPT and SWST data
was based on the similarity of geological
characteristics and the distance between investigation
locations in the Petobo and Jono Oge areas, which are
historical liquefaction sites. Table 2 and Table 3 show
the soil profiles for each data sets.

Table 2. The Petobo area data set (Fig. 1c)

In-Situ Test SPT SWST
Label LP-2 P-S-5
GWL (m) 3.09 15
Depth (m)  USCS  Nspr  WVsW Nsw
(kg) (ht/m)
0.5 CL 3 25 8
1 CL 3 25 8
15 CL 3 50 56
2 CL 3 50 4
25 CL 5 50 12
3 SC 4 50 64
35 SC 4 100 72
4 SC 4 100 40
4.5 CL 7 100 24
5 CL 7 100 36
55 CL 5 100 124
6 CL 5 100 52
6.25 CL 5 100 68
Note: CL. silty clay, SC. Clayey-sands.
Table 3. The Jono Oge area data set (Fig. 1d)
In-Situ Test SPT SWST
Label J-2 J-S-11
GWL (m) 2.7 05
Depth(m)  USCS  Ngr  Wow  Now
(kg) (ht/m)
0.5 CL-ML 4 25 4
1 SM-SC 7 25 12
15 SM-SC 7 25 12
2 SM-SC 7 50 176
25 CH 6 50 144
3 CH 6 100 80
35 CL 3 100 64
4 CL 3 100 84
45 SW 30 100 72
5 SW 30 100 36
55 SP 15 100 64
6 SP 15 100 32
6.5 SP 32 100 92
7 SP 32 100 40
7.5 SW 38 100 56
8 SW 38 100 40
8.5 SW 38 100 272
9 SW 38 100 160

Note: CL-ML. silty clay-silty fine sands, SM-SC. silty sand-clayey
sands, CH. fat clays, CL. silty clay, SW. well-graded sands, SP.
poorly-graded sands.

In the Petobo area, there is a spatial separation of
186 meters between the SPT test labeled LP-2 and the
SWST test labeled P-S-5 (Fig. 1c). Meanwhile, in the
Jono Oge area, the SPT test labeled J-2 and the SWST
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test labeled J-S-11 have a separation distance of 169
meters (Fig. 1d). The soil depth to be evaluated is
adjusted based on the depth of the SWST
observations, and the highest groundwater level
(GWL) between the two tests is selected for
evaluating the liquefaction potential [40].

5.1 Analysis of the Petobo Area

5.1.1 Comparison between Nspr and estimated Nspr
from the Petobo area

A comparative analysis of SPT and SWST data
sets in the Petobo area was conducted using the
empirical correlation suggested by Inada (1960) and
[38]. However, the results from both empirical
correlations may not differ significantly (Fig. 4).

Ngpr value
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5.5 1 (CL)

6.0 1

6.5

Fig. 4 Comparison Nspr from the Petobo area

From Fig. 4, the correlation estimated by Inada
(1960) provides a better fit when compared to the
average Nspr values for all types of soil. The average
Nspr value for all soil types up to a depth of 6.25 m at
the LP-2 borehole is 4.4, while the value estimated
using Inada's equation is 4.0. The empirical
correlation proposed by [38], however, is not
applicable due to its limited relevance to cohesionless
soils.

Moreover, when considering the average Nspr
value specifically for cohesionless soils, the Nspr
value for the LP-2 borehole is 4.0. The correlation
values estimated using Inada's equation and [38] are
4.9 and 7.9, respectively. The correlation proposed by
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Inada appears to be more reliable than that proposed
by [38] for cohesionless soils in the Petobo area.

5.1.2 Comparison of CRR and FSjiq between the
estimated and direct approaches from the Petobo
area

The comparison of CRR values determined from
SPT, SPT correlations, and SWST shows that these
values are similar (Fig. 5). CRR values were
calculated for layers of cohesionless soil using the
procedure defined by [25]. Based on the average CRR
value at borehole LP-2, the estimated values for SPT
Estimated-1 (Inada's equation), SPT Estimated-2 [38],
Direct-1 [26], and Direct-2 [27] are 0.14, 0.15, 0.18,
0.22, and 0.32, respectively. The CRR resulting from
Inada's empirical correlation is similar to the CRR
value obtained through SPT. However, the direct
approach using SWST data yields results that are
significantly different.

CSR calculations were initially conducted using
Eg. (1) to estimate liquefaction potential. The CSR
value should account for the effects of the local site,
as calculated by Eg. (5) and Eq. (6). As shown in
Table 1, the results of Eq. (5) for determining the site
class in the Petobo area indicate that the area is
classified as SE site class. By identifying the site class,
the ama Vvalue for the Petobo area is 0.47 g,
considering the local site effects. The liquefaction
potential assessment using the SPT-based procedures
shows a range of liquefaction depths from 3 to 4.25
meters (Fig. 5).
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Fig. 5 Comparison CRR and FSjiq from the Petobo
area
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The analysis of FSjiq results showed a correlation
between the CRR and CSR values, indicating that
both the SPT and SWST procedures were correlated
with the SPT wvalues and produced the same
liquefaction depth. However, the average FSiiq values
obtained from borehole LP-2, SPT Estimated-1
(Inada's equation), SPT Estimated-2 [38], Direct-1
[26], and Direct-2 [27] were 0.30, 0.32, 0.40, 0.48,
and 0.72, respectively. The FSiiq value derived from
estimating the CRR using Inada's equation was the
most comparable to the SPT-based approach.
Furthermore, the direct SWST approach resulted in a
higher FSiiq value due to the greater liquefaction
resistance.

5.2 Analysis of the Jono Oge Area

5.2.1 Comparison between Nspr and estimated Nspr
from the Jono Oge area

Similar to a previous study conducted in the
Petobo area, a comparison has been made between the
original SPT data and the SWST data (Fig. 6), which
were converted into SPT values using the empirical
correlation proposed by Inada (1960) and [38].
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Fig. 6 Comparison Nspt from the Jono Oge area

The data presented in Fig. 6 reveals a significant
discrepancy across the depth range of 4.5 to 9 meters.
This difference arises because the SPT values
increase rapidly from a depth of 4.5 meters, whereas
the SWST values remain relatively constant up to 9
meters. According to borehole J-2, the average Nspr
value for all soil types is 18.03; however, Inada’s
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equation yields a value of 6.68. For the cohesionless
soil layer, the average Nspr value is 23.96, while the
Nspr values derived from the Inada’s equation and
[38] are 6.79 and 7.03, respectively. If such
significant  differences exist, additional soil
investigations may be required to validate the soil
resistance in the actual conditions.

5.2.2 Comparison of CRR and FSjq between the
estimated and direct approaches from the Jono Oge
area

An analysis of CRR values obtained from SPT,
SPT correlations, and SWST reveals that these values
are generally comparable, except at depths ranging
from 4.5 to 5.25 meters and 6.5 to 9 meters (Fig. 7).
It can be shown that certain soil layers at specific
depths may be susceptible to liquefaction, while
others may not [41]. These findings are consistent
with the earlier discussion, which indicated an
increase in Nspr values at depths between 4.5 and 9
meters. However, at depths between 5.5 and 6.25
meters, the CRR value was low due to the Nspr value
being below 20, indicating a potential for liquefaction
[34].

CSR & CRR FSgy
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E, 4.0 - < - Direct-2 Not Applicable
= 4
B
[a)
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Fig. 7 Comparison CRR and FS;iq from the Jono Oge
area

After adjusting the amax value for the local site
effect, the CSR value required for assessing
liquefaction potential was determined. Based on the
estimated results from Eq. (5), the Jono Oge area is



International Journal of GEOMATE, Nov., 2024 Vol.27, Issue 123, pp.108-117

classified as an SD site class (Table 1). This particular
site class is in better condition than the site class in
the Petobo area. The difference may be related to the
geological differences in Petobo and Jono Oge (Fig.
1b). The amax value in the Jono Oge area is 0.38 g.

Due to the uniformity in Nspr values at depths
ranging from 4.5 to 9 meters, the comparison of FSjjq
values will focus on the range of 0.75 to 2.25 meters,
where the data is more consistent. The average FSiig
values were found to be 0.42, 0.38, 0.41, 0.37, and
0.62 for borehole J-2, SPT Estimated-1 (Inada's
equation), SPT Estimated-2 [38], Direct-1 [26], and
Direct-2 [27], respectively. The FSjiq value provided
by [38] closely matches the FSiiq value obtained from
the SPT-based procedures. Similar to the analysis
conducted in the Petobo area, the FSjiq values show
the greatest variation when applying the direct SWST
method proposed by [27].

6. CONCLUSIONS

This study conducted a comparative analysis of
liquefaction potential using the SWST and SPT
methods at two locations, Petobo and Jono Oge.
Based on the soil resistance, the average Nspr values
for all soil types in the Petobo area, derived from SPT
data, is 4.4, which closely matches the estimates
based on Inada's correlation for SWST data, at 4.0.
These results suggest that the correlation between
SWST and empirical formulas can provide reliable
estimates of soil resistance. However, notable
differences were observed at depths beyond 4.5
meters in the Jono Oge area, where the average Nspr
measured using SPT was 18.03, whereas Inada's
correlation only reached 6.68. The observed
discrepancies, indicating that SWST may
underestimate soil resistance in specific areas, could
be due to differences in the distances between
investigation points, even though they share the same
geological conditions.

For the liquefaction analysis in the Petobo area,
the CRR values obtained from the SPT-based
procedures, which is 0.14, and the CRR obtained
from the correlation using the Inada equation, which
is 0.15, show similar results. Consequently, the FSjq
calculated by the two approaches reveals a slight gap
of 7.18% in the FSiiq derived from the SPT approach.
In contrast, the FSjiq derived from the SWST direct
method shows greater significance due to the higher
CRR value. The FSjiq value generated by the SWST
direct method is 1.6 to 2.4 times greater than the FSj;q
value generated by the SPT method.

For the liquefaction analysis in the Jono Oge area,
the CRR results showed significant variation beyond
4.5 meters due to a substantial increase in soil
resistance based on the SPT test. However, when
assessing liquefaction potential considering the
uniform topsoil, the average FSiiq value derived from
the correlation formula proposed by [38] shows a
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minor gap of 1.54% compared to the FSiiq derived
from the SPT-based procedures. In contrast, the
SWST direct method produces a higher FSiiq value
than the SPT method, with a range of 0.87 to 1.48.

The findings suggest that the SWST approach can
be a valuable tool for the preliminary evaluation of
liquefaction, particularly in areas where conducting
SPT testing may pose logistical challenges. When the
SWST overestimates liquefaction resistance at
greater depths, such as in Jono Oge, it is
recommended to combine SWST with additional in-
situ testing, such as SPT. Further research is
suggested to enhance the reliability of SWST
correlations, especially for deeper soil strata and
locations with complex stratigraphy.
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