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Highlights:  

 Site soil classification was conducted using the standard penetration test (N-SPT) 
pressure and shear wave velocity (VS) values. 

 The VS data were collected from single and array microtremor investigations. 
 Site soil classification was calculated based on the SNI 1726:2019 seismic code. 
 N-SPT maximum 120 produced different VS and site soil classification compared to 

N-SPT maximum 60.  
 
Abstract. Site soil classification provides vital information for predicting the soil 
amplification or the site factor. The site factor is important for calculating the 
surface spectral acceleration in the seismic design of buildings. Based on the 
Indonesian seismic code, site soil classification can be conducted by calculating 
the average standard penetration (N-SPT) resistance, the average shear wave 
velocity (VS) and the average undrained soil strength (Su) of the upper 30 m of a 
subsoil layer. Different results may be obtained at the same location when the site 
soil classification is predicted using N-SPT than when using VS data. The 
restriction of N-SPT values until a maximum of 60 compared to a VS maximum 
of 750 m/sec can produce different soil classes and will directly impact the 
calculation of the surface spectral acceleration. This paper describes the different 
results of site soil classification prediction calculated using the average N-SPT and 
the average VS, conducted at Semarang City, Indonesia. Site soil classification 
maps developed based on both datasets are also presented, to evaluate the different 
site soil classification distributions. Only soil classes SD and SE were observed 
using N-SPT maximum 60, whereas soil classes SC, SD and SE were observed 
using N-SPT maximum 120. 

Keywords: bedrock; shear wave velocity; site factor; site soil classification; spectral 
acceleration; standard penetration pressure. 
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1 Introduction 

The calculation of the surface spectral acceleration is important for the seismic 
resistance design of buildings. The Ministry of Public Works and Human 
Settlements [1] has created a public website facility for calculating the design 
spectral acceleration. The data required for design spectral acceleration 
calculations are building positions in terms of building coordinates (longitude and 
latitude) and a site soil classification. Site soil classification data can be calculated 
either using shear wave velocity (VS), standard penetration (N-SPT) resistance, 
or undrained shear strength (Su) data [2,3]. Only three different soil classes are 
commonly applicable for the seismic design of buildings, namely SC (very dense 
soil and soft rock), SD (stiff soil) and SE (soft clay soil) [3]. N-SPT and VS are 
commonly used by civil engineers in Indonesia for site soil interpretation. N-SPT 
values are the easiest to obtain. They are collected during soil investigations and 
are usually used for designing building foundations. Due to the requirements for 
foundation and substructure design, N-SPT data collection and acquisition are 
usually terminated when the N-SPT value reaches 60 (blows). When the N-SPT 
value exceeds 60, the N-SPT value recorded in the investigation report (boring 
log) is ‘>60’, which is difficult to use for calculating site soil classes.  

Other easy-to-obtain non-invasive data that can be used for site soil classification 
calculations are VS data. VS data can be observed on-site or at a building’s 
location by performing single or array microtremor investigations. A microtremor 
investigation is usually performed for bedrock elevation prediction and VS profile 
data acquisition from bedrock through the surface layer. Recent data are 
important for earthquake simulation propagation analysis or site-specific 
analysis. Propagation analysis is important for calculating ground motion and 
spectral acceleration at the earth’s surface.  

N-SPT and VS data for site soil classification calculation can be developed using 
the average data for the top 30 m of the soil deposit and are calculated using Eqs. 
(1) and (2), where di, Ni and VSi represent the thickness, the N-SPT and the shear 
wave velocity of a soil layer, i, respectively. Table 1 shows the corresponding site 
soil classification distribution criteria based on N30 and VS30. Soil classes SA 
(Hard Rock), SB (Rock) and SF (Specific Soil) are not presented in Table 1. 
Average undrained shear strength data, which can also be used for site soil 
classification, are also not presented in this table. 
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Table 1 Site soil classification interpretation using N30 and Vs30. 

Site Soil class N30 VS30 (meter/sec) 
SC >50 >350 
SD 15-50 175-350 
SE <15 <175 

This research presents two different results of site soil classification interpretation 
that were calculated using N30 and VS30 data in Semarang, Indonesia. The 
difference in site soil classification interpretation developed using N30 and VS30 
values can produce different surface spectra accelerations. Site soil classification 
maps developed based on both datasets are presented to evaluate the difference 
soil class distributions within the research area.  

2 Methodology 

Site soil classification interpretation in the research area was calculated based on 
N-SPT and VS datasets. The N-SPT data were collected by soil boring 
investigations in the study area. The minimum depth of the soil boring was 30 m, 
while the maximum depth was 60 m. For each boring position, the N-SPT data 
were collected from depths between 0 and 30 m. The VS data investigations were 
performed in the research area using a 100 Hz seismometer with a maximum of 
15 minutes of data recording. Three-component (south-north/SN, west-east/WE 
and vertical/V) ambient vibration data were collected in a single station 
microtremor investigation. An array microtremor investigation and analysis were 
also performed in the research area. Site soil classification maps were developed 
based on 203 soil boring points and 241 single station microtremor positions and 
four array microtremor investigation positions. Figure 1 shows all soil 
investigation (soil boring, single station microtremor, and array microtremor) 
positions in the research area. 

2.1 Microtremor Investigation 

The ambient vibration data collected using the single station and array 
microtremor results were analyzed using the horizontal to vertical spectrum ratio 
(HVSR) and inversion methods [4-7]. The purpose of HVSR analysis is to predict 
the bedrock elevation at the microtremor test position. The purpose of the 
inversion analysis is to predict the Vs profile at the microtremor test position. 
Figure 2(a) shows an example of the soil profile contours in terms of the VS values 
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collected and analyzed using the array microtremor data from the A4 position. 
Figure 2(b) shows an example of the inversion analysis result of the three-
component ambient vibrations developed at nine seismometer positions in the A4 
array location. Figures 3(a) and (b) display the average VS profile calculated at 
four different (A1-A4) array microtremor positions with a maximum depth of 30 
m.  

 

Figure 1 Soil boring and microtremor investigation positions. 

  
(a) (b) 

Figure 2 VS contour in array A4 (a), VS profile observed in array A4 (b). 
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2.2 Soil Boring Investigation 

Soil boring investigations were performed at 203 positions within the research 
area. From these 203 boring investigations, three boring investigations were 
conducted in array A1. Two boring investigations were performed in array A2. 
Two boring investigations were performed in array A3 and four boring 
investigations were performed in array A4. Two modified N-SPT data 
acquisitions were conducted at two boring positions, B191 and B199, to obtain 
the real N-SPT values following the same procedure as [8]. The real N-SPT 
values were measured when the N-SPT reached a minimum of 60. Figure 4(a) 
displays an example N-SPT profile with two different data format presentations. 
This figure was developed from one boring investigation (B191) with a maximum 
depth of 30 m in array position A4. The ‘Reported N-SPT’ within this figure 
represents the N-SPT value reported from the boring log, whereas the ‘Real N-
SPT’, representing the real N-SPT, was observed during the investigation 
(maximum N-SPT observed is 120). Figure 4(b) shows the real N-SPT profile 
collected from one boring investigation (B192) in array position A1 and the 
maximum N-SPT observed at this position was less than 60.  

(a) (b) 

Figure 3 Average VS profile at Array 1 and 2 (a) and Array 3 and 4 (b) 
microtremor investigation positions. 

2.3 N-SPT and Vs Correlation 

N-SPT data are usually collected in soil boring investigations. VS data can be 
collected from a site investigation using single station or array microtremor 
investigations. Another simple method for developing VS data is by conducting 
laboratory investigations. The laboratory investigation for collecting VS data was 
performed using undisturbed soil samples (UDS) obtained from soil boring 
investigations and Sonic Viewer equipment [9]. Due to the differences between 
the UDS diameter (±7.5 cm) and the Sonic Viewer transducer plate diameter (± 
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6 cm), the UDS diameter was manually reduced using a soil cutter to produce a 
soil sample with h  2d, where h and d are the height and diameter of the Sonic 
Viewer soil sample, respectively. 

 
 

(a) (b) 

Figure 4 N-SPT profile at boring No 191 in array A4 at southern region (a) and 
boring no. 192 in array A1 at northern region (b) of the research area. 

The preliminary N-SPT and VS correlations in the research area were developed 
by conducting a combination of N-SPT data and VS laboratory data. The VS data 
were observed using UDS obtained from four soil boring investigations. Table 2 
shows the correlation between N-SPT and VS conducted at four soil boring 
locations (9 UDS data). The N-SPT and UDS were collected at different positions 
within the same depth interval. The UDS were taken in between the two closest 
N-SPT tests (above and below the UDS position).  

Table 2 Vs (laboratory investigation) and N-SPT correlation. 

Sample 
Depth 

(m) 

Diameter 
Sample 

(cm) 

Height 
Sample 

(cm) 

Vs 
(m/sec) 

N-SPT 

lok93Bh1 7 - 8 6.00 13.00 409 30 
lok99Bh1 13 - 14 5.93 11.64 393 40 
lok99Bh1 19 - 20 5.90 12.09 315 40 
lok99Bh2 12 - 13 6.09 11.73 458 41 
lok99Bh2 16 - 17 6.21 12.02 436 35 
lok92Bh1 29 - 30 5.90 12.40 488 60 
lok95Bh1 17 - 18 5.95 12.94 395 40 
lok95Bh1 24 - 25 5.99 13.50 489 34 
lok95Bh1 28 - 29 6.02 13.13 453 35 
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The N-SPT value displayed in this table is the average of two N-SPT values. Due 
to the problem of preparing soft soil samples with an N-SPT of less than 20, the 
minimum N-SPT value obtained from four boring locations was 30. Figure 5 
shows the N-SPT and VS distribution and correlation developed from the 
preliminary investigation results. 

 

Figure 5 N-SPT and VS (laboratory investigation) correlation. 

An N-SPT and VS correlation analysis was also performed based on two field 
investigations. The VS data were collected from single station and array 
microtremor investigations. Due to different soil thickness intervals, all VS 
profiles developed from the microtremor investigations were then linearly 
interpolated, following the same depth interval used by the N-SPT investigation. 
Figures 6 (a) and (b) display two examples of data acquisition at array A4 (boring 
no. 191) and array A1 (boring no. 192) positions, respectively. In these figures, 
‘VS (original)’ represents the original VS distribution interval developed using 
inversion analysis of ambient vibrations and is distributed using a 12 m depth 
interval. The N-SPT data from the top soil layer to 30 m were distributed using a 
3 m depth interval. The ‘VS (interpolated)’ profile was developed using the same 
N-SPT interval.  

The N-SPT and average VS data at all four array locations were then re-analyzed 
to obtain the Vs and N-SPT correlations. Figure 7(a) shows the power regression 
results of Vs (microtremor investigation) and the N-SPT correlation curves 
developed in this research. The laboratory correlation was slightly higher 
compared to the microtremor correlation. Figure 7(b) shows the new Vs and N-
SPT correlations developed in this research and compares it to five other Vs and 
N-SPT correlations curves from [10-14]. Similar Vs and N-SPT empirical 
correlations [10-12] were also used in [15] for seismic microzonation of the 
research area. 
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As can be seen in Figure 7(b), for N-SPT less than 15 the related VS values 
developed from this research were slightly higher compared to the empirical 
correlations developed by four other researchers [10-13]. However, the opposite 
was observed in this research when the N-SPT value was greater than 15; the Vs 
value calculated using this formula was lower compared to the empirical 
correlations developed in Refs. [10-13]. The Vs and N-SPT correlation developed 
in this research was higher compared to [14]. 

  

(a) (b) 

Figure 6 N-SPT and Vs interpretation at boring no. 191 (a) and no. 192 (b). 

2.4 Site Soil Maps Distribution 

Site soil distribution maps were developed based on three different data sets. The 
first site soil map was developed using the N30 data calculated for 203 boring 
positions. The second site soil map was developed using VS30 data calculated from 
an average of three empirical Vs and N-SPT correlation (Model 1) developed by 
[10-12]. The third site soil map was developed based on the empirical Vs and N-
SPT correlation developed in this research (Model 2).  

Figure 7(c) shows Models 1 and 2 correlation charts used for the development of 
the maps. These two models were developed from 80 data for all soil types. The 
two different maximum N-SPT values used in this research were 60 (N-SPT60), 
which was obtained from the N-SPT value reported from the boring log, and 120 
(N-SPT120), based on the modified N-SPT value investigation. The N-SPT 
values (N-SPT120) were improved for all boring locations when the N-SPT 
values reported within the boring log was reported greater than 60 (‘>60’). 
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(a) 

 
 

(b) (c) 

Figure 7 N-SPT and Vs correlation for all soils developed in this research (a), 
comparison with five other studies (b) and Model 1 and Model 2 correlations (c). 

3 Results and Discussion 

The site soil class distribution maps developed in this research were divided into 
two different datasets, N30 and VS30. The first data set used for site soil class 
distribution was N30. The two different approaches for N30 calculation are related 
to the N-SPT60 and N-SPT120 values used for the N30 calculation. Figure 8(a) 
shows the site soil class distribution map developed using N-SPT60 and the 
second map, Figure 8(b), shows the site soil class distribution based on the N-
SPT120 value. As can be seen in these two figures, the distributions of the SE 
(soft clay soil) class are almost equal and are distributed in the northern region of 
the research area. The SC and SD site soil class distributions inside these two 
figures are quite different. 

Based on the N-SPT60 values, most of the southern and middle regions of the 
research area are dominated by the SD soil class. The SC soil class was observed 
in a small area in the southern region of the research area. The SD and SE soil 
classes dominate the site soil classification distribution within the research area. 
Using the N-SPT120 values, as can be seen in Figure 8(b), the SD and SC site 
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soil classes were detected in the middle and southern regions of the research area. 
The SC area identified using N-SPT60 is smaller than the same class identified 
using N-SPT120. However, the SD soil class area identified using N-SPT60 is 
wider than the SD soil class area developed using N-SPT120.  

 

(a) (b) 

Figure 8 Site soil classification maps developed using N-SPT60 (a) and N-
SPT120 (b). 

The second method for developing a site soil classification distribution map was 
performed using the VS30 value. The VS30 values developed in this method were 
calculated using the N-SPT60 values (maximum 60 for N-SPT value). Two 
different models were produced using this method. Model 1 used the NSPT (N-
SPT60) and VS empirical correlation function developed in [10-12]. Model 2 used 
the N-SPT and VS empirical correlation established is this research, as displayed 
in Figure 7(a).  

Figure 9(a) shows the site soil class distribution map developed using Model 1. 
Figure 9(b) shows the site soil class distribution map using Model 2. As can be 
observed from both figures soil classes SD and SE dominate the site soil 
classification distribution in the research area. A small area with soil class SC 
was detected in the southern region of the research area when the site soil 
classification was developed using Model 1. Based on these figures, when the 
maximum N-SPT60 value was applied for site soil classification interpretation, 
the site soil classification distribution developed using Model 1 was almost equal 
to Model 2. A small area with soil class SC was observed in the research area 
when the site soil classification was interpolated using Model 1.  

The third site soil classification distribution map was developed by applying the 
N-SPT120 values. Again, two different models were investigated, Models 1 and 
2. The VS values used for developing VS30 were calculated using the two 
correlation function models.  
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(a) (b) 

Figure 9 Site soil classification maps developed using N-SPT60 values and 
correlation function Model 1 (a) and Model 2 (b). 

Figure 10(a) presents the site soil class map developed using Model 1. Figure 
10(b) presents the site soil class map developed using Model 2. Site soil classes 
SC, SD and SE were detected in the research area when Model 1 was applied for 
site soil classification calculation. However, only soil classes SD and SE were 
detected as major site soil classes in the research area when Model 2 was applied 
for the site soil classification calculation. A small SC area was detected in the 
southern region of the research area when Model 2 was used for site soil 
classification interpretation. 

Based on Figures 9 and 10, soil classes SC, SD and SE were detected in the 
research area when N-SPT120 values and two correlation models, Model 1 and 
Model 2, were applied for site soil classification interpretation. However, using 
N-SPT60, and Model 1 and Model 2 correlations, not all soil classes were 
observed in the study area. When N-SPT60 was applied to Model 1 and Model 2, 
no soil class SC or only a small area with soil class SC was observed in the study 
area. Based on Figure 8(a), Figure 9 and Figure 10(b), by applying N-SPT60, the 
site soil classification interpretation was more consistent compared to N-SPT120.  

A study for evaluating the compatibility of N-SPT and VS correlations in 
producing site soil classifications was conducted by designing the N30 and VS30 
correlation charts for Models 1 and 2 and applying the N-SPT60 and N-SPT120 
values. N30 and VS30 correlations are said to be compatible when the same soil 
class is detected at the same boring positions using these two N30 and VS30 values. 
The evaluation was performed for all 203 data. 
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(a) (b) 

Figure 10    Site soil classification maps developed using N-SPT120 and 
correlation function Models 1 (a) and Model 2 (b). 

Figure 11(a) shows the N30 and VS30 compatibility correlation charts using N-
SPT60. Figure 11(b) shows the same compatibility correlation charts using the 
N-SPT120 values. The blue, green and red areas inside these two figures 
represent soil classes SC, SD, and SE, respectively.  

 

Figure 11   N30 and VS30 correlation charts developed using N-SPT60 (a) and N-
SPT120 (b). 

Table 3 shows the percentage distribution of soil classes SC, SD and SE observed 
from 203 data. The total percentage of the three classes for Model 1 and Model 2 
either by using N-SPT60 or N-SPT120 was less than 100%. As can be seen in 
Figures 11(a) and (b) and Table 3, the N30 and VS30 correlations calculated using 
N-SPT60 and N-SPT120 and applying Models 1 and 2 were more compatible for 
all SD soil classes. The N-SPT and Vs correlation developed using Model 1 was 
more suitable for producing site soil classification interpretation compared to 
Model 2. According to Table 3, using Model 1, approximately 73% of data were 
compatible and 27% were not compatible in producing site soil classification 
interpretation. However, using Model 2, approximately 61%-66%, or average 
63%, was compatible and 37% was not compatible. 
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Table 3 Site soil class distribution. 

Model Based on N-SPT60 (%) Based on N-SPT120 (%) 
 SC SD SE Total SC SD SE Total 

Model 1 9.85 44.83 18.72 73.4 19.7 34.91 19.21 73.72 
Model 2 0 44.83 16.26 61.09 7.39 42.86 15.27 65.52 

4 Conclusions 

Different site soil classification results are obtained when N30 values are applied 
for site soil classification interpretation than when VS30 values are applied. 
Different site soil class distribution maps are also found when the site soil 
classification is predicted using N30 and VS30. 

The Vs and N-SPT correlation developed using Model 1 (the average of three 
empirical correlations [10-12]) was slightly more consistent compared to the 
same correlation developed using Model 2 (based on site investigations in the 
research area). The site soil class distribution map developed using N-SPT60 was 
more consistent compared to the same map distribution developed using N-
SPT120. VS30 calculated using N-SPT60 values was slightly less suitable for 
developing site soil classification compared to VS30 calculated using N-SPT120. 

Due to the total data and undisturbed soil samples preparation used for the Vs 
laboratory data and the N-SPT correlation, the Vs (developed using microtremor 
investigation) and N-SPT correlation tests were more consistent compared to the 
same correlations developed using undisturbed soil samples and laboratory 
investigation. 
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