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 The soil characterization of the residential development project 
located in Ho Chi Minh City (HCMC) was conducted by using 
multichannel analysis of surface wave (MASW) and downhole 
measurements. The obtained results of both methods indicate 
that the soils within the depth range of 0-30 m were divided into 
three layers including (i) the filled soil with shear wave velocity 
(VS) values of 75-93 m/s, (ii) the silty clay with VS of 61-200 
m/s, and (iii) the firm layer soil with VS of 250-415 m/s. The VS30 
values estimated by using the MASW, downhole, and empirical 
correlation methods are in the range of 150-152, 137-161, 
126-171 m/s, respectively. Accordingly, the study area is well 
classified as class E according to National Earthquake Hazards 
Reduction Program guidelines (NEHRP). The MASW results 
are in good agreement with those obtained by using the 
downhole measurements with the average relative difference of 
3-4%. This study represents a first attempt of using the MASW 
method to evaluate the stiffness of soil around HCMC areas and 
the results obtained from this method and correlation between 
standard penetration test (SPT)-N and VS can contribute a 
further detailed understanding of geophysical features in the 
HCMC area. 
 

Keywords: 
 
Stiffness of soil  
MASW 
VS 

VS30 

downhole 

 

 
 
1. Introduction 

 
Ho Chi Minh City (HCMC), the most active city and 

economic center of Viet Nam, covers an area of 2,095 km2 
with the highest population density (around 8 million 
people). District 2 locating at the gateway in the northeast 
HCMC is being the large building construction projects at 
the new planned city of Thu Thiem to be a center of urban, 
economy, and finance in the near future (Nguyen and 
Phienwej, 2016; Nguyen et al., 2016). It is planned to 
construct for hundreds of high-rise buildings, a residential 
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accommodation for 130,000 residents, and a leisure 
center for one million visitors. Currently, many large 
construction projects have been constructing or will be 
constructed, and thus numerous geological and 
geophysical surveys have been conducted here. 

For the geophysical surveys, the shear wave velocity 
(VS) is one of the key parameters to examine the stiffness 
of soil. The borehole measurements (downhole and 
crosshole methods) have been performed intensively to 
estimate VS (Xia et al., 2002; Park et al., 2007; Rahman et 
al., 2017). In Viet Nam, those methods have been utilized 
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at many areas to measure the seismic velocities and 
elastic parameters of soil in the construction projects such 
as the German House (District 1, HCMC) (Nguyen et al., 
2014), the Samsung Electronics CE Complex at Saigon 
High Tech Park (District 9, HCMC) (Nguyen and Vo, 2015), 
the thermal power plant (Soc Trang province) (Nguyen et 
al., 2016), the residential development at Thu Thiem area 
(District 2, HCMC) (Do and Vo, 2017), and the solar power 
plant at My Son (Ninh Thuan province) (Do et al., 2018). 
The invasive techniques cited above, however, are costly 
and time consuming and require the boreholes at the 
survey areas (Xia et al., 2000, 2002). 

Recently, multichannel analysis of surface wave 
(MASW) has been exhibited as a potential method to 
investigate the stiffness of soils. This method, developed 
by Park et al., has an extensive history at Kansas 
geological survey belong to University of Kansas dating 
from the 1990s (Park et al., 1999). The MASW method is 
based on the fact that the surface waves are dispersive in 
the inhomogeneous medium, whereas the phase 
velocities depend on the frequency. Consequently, the 
dispersion curve of the surface wave could be easily 
identified on the dispersion image. Besides that, noise and 
body waves could be identified, isolated, and rejected in 
data analysis (Madun et al., 2016). Other advantages of 
the MASW method include both speed of data acquisition 
and cost-effectiveness (Xia et al., 2000, 2002). Although 
the MASW method possesses several advantages as 
presented above, there are no reports using this method 
in the HCMC area and even in Viet Nam. Accordingly, 
using the MASW survey as an alternative method to 
provide the advance information about the stiffness of the 
soil over the whole country is necessary. As a starting 
point to conduct above purposes, in the present study, we 
have utilized the MASW method to investigate the stiffness 
of the soil at the residential development project located at 
District 2 in HCMC. The results of the shear wave velocity 
profiles by using the MASW method could be compared to 
those obtained by the downhole measurements and 
empirical correlation between VS and standard penetration 
test (SPT)-N values. On the basic of the results of shear 
wave velocity profiles, the stiffness of the soil is classified 
and evaluated. Note that the results of this study can 
contribute a further detailed understanding of geophysical 
features in the HCMC area. 
 
2. Experimental 
 
2.1 Geology of the study area 
 

The subsurface geological materials of HCMC are 
divided into two main lithological units including (i) Pre-
Cenozoic vertical sediment basement formed by Jura 
sedimentary rock and Lave Mesozoic pluton-volcanic 
complex within a depth of 330 m and (ii) Late Miocene-
Quaternary sediment overlay structure having a thickness 
of 300 m. Moreover, this area consists of Holocene and 
Pleistocene sediment structural sub-units with thickness 

ranging from several and ten to forty and several hundred 
meters, respectively (Nguyen, 2004; Do et al., 2018; Vu 
and Do, 2018). The geology features at District 2 exhibit 
as the class of Holocene salt marsh and river marsh 
deposits. This region is quite sunken with the average 
elevation of 1 m above mean sea level (Nguyen, 2004; Do 
et al., 2018; Vu and Do, 2018). In areas along the rivers, 
the soft dark silty clay layers are located under the surface 
soil, causing many landslides. Below that, the gravel clay 
and sandy layers are formed alternately (Nguyen, 2004; 
Do et al., 2018; Vu and Do, 2018). 
 
2.2 The MASW survey 
 

Fig. 1 presents a map of study area (about 16,000 m2) 
with positions of fourteen boreholes (bold numbered dots) 
locating at latitude 10º46’N and longitude 106º45’E. The 
MASW survey was performed at boreholes of BH7 and 
PBH2. In this work, the active MASW mode was utilized 
by placing the multiple receivers (geophones) along a 
survey line with single shots (Eker et al., 2012). The 
distance between BH7 and PBH2 is 25.3 m and the 
diameter of each borehole is around 110 mm. 

Fig. 2 shows the schematic diagram of the MASW 
survey. Twenty-four vertical geophones (G1-G24) with 
frequency of 4.5 Hz connected to a Seistronix RAS-24 
seismograph were used to record the wave signals. 
Geophone spacing, sampling rate, and record length were 
respectively set at 2 m, 125 ms, and 2 s (Trupti et al., 
2012). The borehole locates between the 12th and 13th 
geophones. The source offsets were sequentially set at 6 
and 16 m to the left and right of the receiver system. In this 
study, a 9-kg sledgehammer was employed to knock on 
the metal plate to generate the seismic waves. The 
detailed analysis of the MASW-method data is conducted 
as the followings (Abreu et al., 2016). (i) The seismic 
records were loaded into the copyright PS software (Park 
Seismic LLC) to display and transform the raw data to 
phase velocity-frequency spectrum to get the dispersion 
images. For two boreholes of BH7 and PBH2, the 
frequency and phase velocity were set in the range of 1-30 
Hz and 1-500 m/s, respectively. (ii) Four dispersion 
images from four records for each borehole were 
combined to obtain each stacked dispersion image. This 
process could maximize the robustness of data, and thus 
minimize the adverse influence of the near-field effects 
and average the lateral variation of the subsurface velocity 
model (Park et al., 1999; Hartantyo et al., 2014). (iii) The 
peak values were selected from the dispersion image to 
generate the dispersion curve, which is then presented as 
a plot of phase velocity versus frequency. The shear wave 
velocity profile was calculated using an iterative inversion 
process with data of the dispersion curve as input. A 
nonlinear least square technique provides an automation 
in the inversion process to generate the 1D VS profile, 
which shows the distribution of shear wave velocity of the 
near-surface soils (Nguyen et al., 2015).  
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Fig. 1. A map of study area with positions of fourteen boreholes (numbered dots). The MASW measurements were 
conducted at two sites of BH7 and PBH2. 

  

 
Fig. 2. The schematic diagram of the MASW survey. The length of the MASW array is 46 m and Xi is source offsets. 

 
 
 

2.3 The downhole survey 
 
The downhole survey was carried out at all fourteen 

boreholes having N values from SPT. The detailed 
procedures are carried out as follows (Do and Vo, 2017). 
(i) A hammer and a metal plate are set closely to the mouth 
of borehole (2-5 m), whereas the three-component 
geophone is lowered into the borehole to detect the 
seismic waves at different depths. (ii) A hammer is used to 
strike on the metal plate to generate the seismic waves 
and the received signal of the secondary wave was 
checked on the wave diagram. (iii) The sensor is moved 
down to another 3-m depth interval and repeat steps (i) 
and (ii). The first arrival time of P wave can be identified as 
the first departure of the static horizontal receiver trace 
after T = 0 s. The shear wave is identified on the seismic 
signature as a sudden increase in amplitude, which is 
several times higher than that of the P-wave. The shear 
wave velocity is determined at each depth interval using 

the arrival time of the shear wave and the corresponding 
depth (Nguyen et al., 2014; Do and Vo, 2017). 

2.4 The average shear wave velocity 
 

VS30, which is defined as an average shear wave 
velocity of soils within the depth range of 0-30 m (advised 
by the National Earthquake Hazards Reduction Program 
(NEHRP)), is used as an index for characterization of 
seismic site. The VS30 can be determined by the following 
equation (Haque et al., 2013; Araffa et al., 2014; Raef et 
al., 2015; Rehman et al., 2016): 

 
 
                                                           [1] 
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3. Results and discussion 
 

3.1 Dispersion images 

Fig. 3 shows the MASW-method data, which was 
acquired by using 24-traces with different source offsets 
and orientations at BH7 (3a-3d) and PBH2 (3e-3h) sites. 
Rayleigh wave phase velocity is extracted from the field 
data for the inversion process, in which multichannel 
records in time-space (t-x) domain were transformed into 
frequency-wave number (f-k) domain or frequency-phase 
velocity (f-C) domain (Banab and Motazedian, 2010; 
Thitimakorn, 2010; Pamuk et al., 2017). 

 Fig. 4 depicts the results of dispersion images at sites 
of BH7 (4a) and PBH2 (4b) stacked from four single 
dispersion images. The stacking process was conducted 

by combining the dispersion images with different shot 
gathers in order to suppress ambient noise and increase 
the resolution, which leads to increase the depth of 
investigation (Banab and Motazedian, 2010). The two 
dispersion images exhibit more distinctive dispersion 
curves with very strong accumulated energy (Pamuk et al., 
2017). The dispersion curves of the two boreholes show 
relatively similar; namely, with high frequency of 15-30 Hz, 
the phase velocities are approximately 100 m/s. The 
phase velocities decrease and increase in the frequency 
range of 5-15 Hz and with lower frequency than 5 Hz, 
respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 3. Seismic records with different source offsets and orientations at two borehole sites of BH7 ((a) X1 = 10 m, (b) X2 = 16 m, (c) X3 = -
10 m, (d) X4 = -16 m) and PBH2 ((e) X1 = 10 m, (f) X2 = 16 m, (g) X3 = -10 m, (h) X4 = -16 m).  
 

 
Fig. 4. The dispersion images stacking from different source orientations and source offset records for two sites of BH7 and PBH2. 
  

3.2 The 1D VS profiles 
 
Fig. 5 represents the 1D VS profiles as a function of 

depth for two boreholes of BH7 and PBH2 obtained by 

using the MASW method. The soils for two boreholes are 
divided into twelve layers within a depth of 30 m. At 
borehole of BH7 (Fig. 5a), the value of VS at the first layer 
(1.5 m in thickness) is approximately 93 m/s. In the depth 



204 
N.N.K. Ngan et al. / Lowland Technology International 2020; 22 (2): 200-211 

range of 1.5-9 m (the second to fifth layers), the VS 
decreases slightly from 84 to 68 m/s. The VS increases 
approximately from 157 to 400 m/s with higher depth range 
than 9 m (the sixth to half space (H/S) layers). At borehole 
of PBH2 (Fig. 5b), the value of VS of the first layer (1.5 m 
in thickness) is around 75 m/s. The VS values increase 
from 71 and 200 to 80 and 415 m/s in the second-fifth and 
sixth-H/S layers, respectively. Although the VS values 
measured at two sites (BH7 and PBH2) are slightly 
different, the changes of VS values are similar. This similar 
behavior can be explained from the fact that the two 
boreholes are relative close to each other (Fig. 1), leading 
to the similar environmental geology. 

 
 
Fig. 5. The 1D VS profiles as a function of depth at two sites of 
BH7 and PBH2 obtained by using the MASW method. 
 
3.3 Empirical correlation between VS and SPT-N 
 

As presented in Section 3.2, the MASW method 
provides the shear wave velocity with depth, but borehole 
characterization does not fully understand without 
knowledge of subsurface stratum and soil type. 
Accordingly, SPT is intensively used to evaluate the 
strength of soil. The correlation between VS and SPT-N is 
determined by using the following equation (Kirar et al., 
2016; Madun et al., 2016; Rahman et al., 2016): 

 
VS = aNb                                                                         [2] 
 
where N being SPT-N values and a and b being regression 
coefficients, which are inversely proportional to each other. 
Empirical functions for this correlation have been 
proposed previously in many works as presented in Table 
1. To date, limited reports have been made to develop 
such a relation for soil sites in the HCMC area. 
Consequently, in this study, we have employed 
respectively 137 and 113 data pairs of VS measured by the 
downhole method and SPT-N values estimated from 
fourteen boreholes to derive empirical correlations for all 
soils and all clayey soils (Fig. 6). The measured SPT-N 
values varied from 1 and 5 to 40 for all soils and all clayey 
soils, respectively, which were directly used here for 

correlation. The proposed correlations between VS and 
SPT-N are estimated by the following equations: 
 
VS = 76.45N0.468 (R2 = 0.935) for all soils                       [3] 
VS = 108.31N0.355 (R2 = 0.634) for all clayey soils          [4] 
 

Due to the limited available spatial data for SPT-N, the 
empirical correlations for the sand and silt soils have not 
been developed. As the results showed in Table 1, for all 
soils, the values of a and b are in the range of 22-137.15 
and 0.24-0.85, respectively. For all clayey soils, the values 
of a and b are respectively in the range of 27-184.2 and 
0.17-0.73. Thus, the VS in this study exhibits the 
intermediate value in comparison with those in Table 1. 
The values of a and b for all soils and all clayey soils 
showed in Table 1 vary in the wide range, leading to the 
assumption that the specific geological features of other 
previous study areas were much different. Moreover, the 
quantity of analyzed data, the SPT procedures, and the 
different methods for shear wave velocity measurements 
could be other reasons causing the variations of a and b 
values showed in Table 1. Based on the results in this 
study, it is observed that the empirical equations for all 
soils and all clayey soils differ considerably; namely, the 
values of R2 and a and b for all clayey soils (0.634; 108.31; 
0.355) are respectively lower and higher than those 
(0.935; 76.45; 0.468) for all soils (equations (3) and (4)). 
Thus, the soil type at the study area has a significant effect 
on the empirical correlations. The similar results were also 
observed in some previous works (Yokota et al., 1991; 
Anthanasopoulos, 1995; Raptakis et al., 1995; Pitilakis et 
al., 1999; Anbazhagan et al., 2013; Sun et al., 2013; 
Rahman et al., 2018). 
 

 
 
Fig. 6. Empirical correlation between VS and SPT-N in the study 
area for (a) all soils and (b) all clayey soils. 
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Table 1. Empirical correlation between VS and SPT-N of this study and some previous works. 

  

 
Since limited correlations between VS and SPT-N for 

the soil sites in the HCMC areas and Viet Nam have been 
reported, the compatibility of the newly developed 
correlation with existing ones for other regions was 
assessed. Fig. 7a shows the VS vs SPT-N plots for all soils 
obtained from this study and some previous reports in 
order to make an intuitive comparison among the results 
(Seed and Idriss, 1981; Lyisan, 1996; Hanumantharao and 
Ramana, 2008; Tsiambaos and Sabatakakis, 2011; 
Anbazhagan et al., 2013; Sun et al., 2013; Esfehanizadeh 
et al., 2014; Fabbrocino et al., 2015; Gautam, 2016). For 
all the data sets, the results of Tsiambaos et al. (SPT-N £ 
20) and Anbazhagan et al. (SPT-N > 20) show the higher 
values, whereas those obtained by Sun et al. exhibit the 
lower ones (Anbazhagan et al., 2013; Tsiambaos and 
Sabatakakis, 2011; Sun et al., 2013). In the earlier work, 
Hanumantharao et al. reported the measurements of more 
than 80 boreholes (30 m of depth) in Delhi, India by using 

spectral analysis of surface waves (SASW) 
(Hanumantharao and Ramana, 2008). The VS and SPT-N 
values were found in the range of 70-400 m/s and 3-50, 
respectively. Moreover, the values of a and b parameters 
determined from the equation (1) were 82.6 and 0.43, 
respectively. More recently, Anbazhagan et al. showed the 
measurements of more than 17 boreholes (30 m of depth) 
in Lucknow city, the central part of the Indo-Gangetic Basin 
of North India (Anbazhagan et al., 2013). The value of VS, 
SPT-N, a, and b was found to be approximately 100-450 
m/s, 3-50, 68.96, and 0.51, respectively by using the 
MASW method. Accordingly, our results are quite similar 
to those found by Hanumantharao et al. and Anbazhagan 
et al.; namely, the geological environments of these works 
exhibit the thick silty organic clay layer under the surface 
soil (Hanumantharao and Ramana, 2008; Anbazhagan et 
al., 2013). Fig. 7b shows the proposed empirical 
correlation for all clayey soils of this study and some 

Anthor(s) Vs (m/s) 
All soils Sands Silk Clays 

Imai and Yoshimura, 1970 VS = 76N0.33 - - - 
Fujiwara, 1972 VS = 92.1N0.337 - - - 
Ohsaki and Iwasaki, 1973 VS = 81.4N0.39 - - - 
Imai et al., 1975 VS = 89.9N0.341 - - - 
Imai, 1977 VS = 91N0.337 VS = 80.6N0.331 - VS = 80.2N0.292 
Ohta and Goto, 1978 VS = 85.34N0.348 - - - 
Seed and Idriss, 1981 VS = 61.4N0.5 - - - 
Imai and Tonouchi, 1982 VS = 96.9N0.314 - - - 
Yokota et al., 1991 VS = 121N0.27 - - VS = 114N0.31 
Kalteziotis et al., 1992 VS = 76.2N0.24 - - - 
Pitilakis et al., 1992 - VS = 162N0.17 - VS = 165.7N0.19 
Athanasopoulos, 1995 VS = 107.6N0.36 - - VS = 76.55N0.445 
Raptakis et al., 1995  VS = 99.95N0.237 VS = 123.4N0.29 VS = 184.2N0.17 
Lyisan, 1996 VS = 51.5N0.516 - - - 
Pitilakis et al., 1999 - VS = 145N0.178 - VS = 132N0.271 
Kiku et al., 2001 VS = 68.3N0.292 - - - 
Jafari et al., 2002 VS = 22N0.85 VS = 19N0.85 - VS = 27N0.73 
Anbazhagan and Sitharam, 2006 VS = 50N0.41 - - - 
Hasancebi and Ulusay, 2007 VS = 90N0.308 VS = 90.82N0.319 - VS = 97.89N0.269 
Hanumantharao and Ramana, 2008 VS = 82.6N0.43 VS = 79N0.434 VS = 86N0.42 - 
Dikmen, 2009 VS = 58N0.39 VS = 73N0.33 VS = 60N0.36 VS = 44N0.48 
Maheswari et al., 2010 VS = 95.64N0.3013 VS = 100.53N0.2651 - VS = 89.31N0.3576 
Mhaske and Choudhury, 2011 VS = 72N0.4 - - - 
Thaker and Rao, 2011 VS = 59.72N0.42 VS = 51.21N0.45 - VS = 62.41N0.42 
Tsiambaos and Sabatakakis, 2011 VS = 136.6N0.275 VS = 92N0.341 VS = 99.45N0.364 VS = 140.1N0.290 
Anbazhagan et al., 2013 VS = 68.96N0.51 VS = 60.17N0.56 - VS = 106.63N0.39 
Sun et al., 2013 VS = 65.64N0.407 - - - 
Esfehanizadeh et al., 2014 VS = 107.2N0.34 - - - 
Fabbrocino et al., 2015 VS = 90.35N0.317 - VS = 149.3N0.192 VS = 110.5N0.252 
Gautam, 2016 VS = 115.8N0.251 VS = 78.7N0.352 VS = 102.4N0.274 - 
Kirar et al., 2016 VS = 95.5N0.345 VS = 100.3N0.338 - VS = 94.4N0.379 
Rahman et al., 2016 VS =120.87N0.2501 - - - 
Rahman et al., 2018 VS = 129.51N0.365 VS = 105.8N0.457 - VS = 139.3N0.2835 
This work, 2019 VS = 76.45N0.468 - - VS = 108.31N0.355 
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previous works (Yokiota et al., 1991; Pitilakis et al., 1992; 
Athanasopoulos, 1995; Raptatis et al., 1995; Jafari et al., 
2002; Maheswari et al., 2010; Tsiambaos and Sabatakakis, 
2011; Kirar et al., 2016; Rahman et al., 2018). It can be 
noticed here that the correlation proposed in this study is 
comparable to those of some previous works in Fig. 7b and 
matches well with those reported by Tsiambaos and 
Sabatakakis, 2011; Kirar et al., 2016; and Rahman et al., 
2018. 

Fig. 7. The VS vs SPT-N plots for this study and some previous 
reports for (a) all soils and (b) all clayey soils. 
 
3.4 Comparison of shear wave velocity profiles and 

site classification 
 

Fig. 8 represents the VS profiles obtained by using the 
methods of MASW, downhole, and the empirical 
correlation of two sites of BH7 and PBH2 as a function of 
depth. The values of standard penetration test and the 
petrographic composition of boreholes are also showed in 
Fig. 8. It should be noted here that there are no reports to 
show such VS profiles by using above different test 
methods, especially the MASW survey around HCMC 
areas and even in Viet Nam. For BH7 site (Fig. 8a), the 
shear wave velocities evaluated by using the downhole 
and MASW measurements are in the range of 69-398 and 
68-400 m/s, respectively. Thus, the significant mismatch 
was observed at a depth of 4.6 m with the maximum 
difference and maximum relative difference of 22 m/s and 
24%, respectively (Table 2). Moreover, the values of 
average relative difference, average difference, and 
standard deviation are 4%, 4.5%, and 5 m/s, respectively 
(Table 2). For PBH2 site (Fig. 8b), the shear wave 

velocities determined by the downhole and MASW 
measurements are in the range of 61-414 m/s and 61-415 
m/s, respectively. Accordingly, the mismatch between two 
methods was observed at 12 m with the maximum 
difference of 8 m/s and at 3 m with maximum relative 
difference of 5.5%. Moreover, the values of average 
relative difference, average difference, and standard 
deviation are 3%, 3.3%, and 3 m/s, respectively (Table 2). 
For two borehole sites, the geological environments are 
classified into three layers. The first layer, corresponding 
to 0-1.5 m depth (a thickness of 1.5 m), having the VS 
values of 75-93 m/s, is assigned to the filled soil. The 
second layer, corresponding to 1.5-12 m depth (a 
thickness of 10.5 m), having the VS values of 61-200 m/s, 
is attributed to the soft organic silty clay. Finally, the third 
layer, corresponding to 12-30 m depth (a thickness of 18 
m), showing the VS values of 250-415 m/s, is ascribed to 
the firm clay soil.  

The stiffness of soils obtained by the MASW method 
can be compared with that of N values from SPT. The 
values of SPT-N in the range of 0-2, 5-7, and 8-40, 
corresponding to the VS values of 61-93 m/s, 157-200 m/s, 
and 250-415 m/s, are characterized by the soft filled soil 
near surface and soft silty clay layer, the silty clay, and the 
firm clay soil, respectively. It is observed that the behavior 
of VS-depth profiles obtained by the MASW and downhole 
methods is similar with the average relative difference of 
3-4%. The average relative difference of VS by using the 
same methods reported previously is listed in Table 3. 
Based on these results, the obtained average relative 
difference of VS in this study is quite small. Some reasons 
for this may relate to the number of boreholes used in the 
survey and their locations. In this study, the MASW 
measurements were conducted only at the two borehole 
sites (BH07 and PBH2), which are relatively close to each 
other. Moreover, the locations of the MASW surveys 
coincided with those of the borehole measurements. 
Therefore, it can be concluded that the obtained results in 
this study indicate the accuracy of the analysis methods 
and are sufficient for quantitative discussion.  

In the next part, we represent the values of VS30 
determined by using the methods of MASW, downhole, 
and empirical correlation between VS and SPT-N. The 
values of VS30 obtained by using the MASW method for 
BH7 (150 m/s) and PBH2 (152 m/s) are very good 
agreement with those obtained by using the downhole 
measurements (151 and 150 m/s for BH7 and PBH2 sites, 
respectively). The VS30 values of 144 m/s for BH7 and 171 
m/s for PBH2 determined by using the correlation between 
VS and SPT-N are also in good agreement with those of 
the MASW and downhole measurements. Besides the 
VS30 values of BH7 and PBH2 sites as presented above, 
those of the other borehole sites were also estimated using 
the downhole method (137-161 m/s) and the empirical 
correlation (126-171 m/s). The relative differences of VS30 
values estimated by all the methods are less than 14.8%. 
It can be noticed that the VS30 values calculated from 
above three methods are well classified as class E . 
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Fig. 8. Shear wave velocity profiles estimated by the methods of MASW, downhole seismic, and standard penetration test at the borehole 
sites of BH7 (a) and PBH2 (b). 
 
 

Table 2. Comparison of VS between the MASW and downhole measurements. 
 
 
 
 
 
 
Table 3. The average relative difference of VS between the MASW and borehole measurements of this study and some 
previous works. 
 

Authors Field investigations Differences (%) 
Xia et al., 2000 MASW/downhole 8-26% 
Xia et al., 2002 MASW/downhole ~ 9-15% 
Brown et al., 2002 SASW/borehole ~ 15% 
Hunter  et al., 2002 MASW/downhole ~ 9% 
Stephenson et al., 2005 Remi, MASW/borehole ~ 15% 
Thitimakorn, 2010 MASW/downhole 4-15% 
Yilmaz et al., 2010 MASW/downhole 2-55% 
Banab and Motazedian, 2010 MASW/borehole 4-20% 
Fiore et al., 2015 MASW/downhole 26-47% 
This work, 2019 MASW/downhole 3-4% 

 
4. Conclusions 
 

The stiffness of soil of the construction foundation at 
District 2 in Ho Chi Minh City was investigated by using the 
different test methods of MASW, downhole, and the 
empirical correlation. The geological environments within 
30-m depth were divided into three layers. The first soft 
filled soil near surface has the VS values of 75-93 m/s, 

corresponding to SPT-N values of less than 2. The second 
layer is soft organic silty clay having the VS values of 
61-200 m/s, corresponding to SPT-N values of 1-7. The 
third firm clay layer exhibits the VS values of 250-415 m/s, 
corresponding to SPT-N values of 8-40. The average 
shear wave velocities obtained by the MASW, downhole, 
and empirical correlations methods are in the range of 
150-152, 137-161, and 126-171, respectively. 
Consequently, the study area is well classified as class E 

Borehole ID Maximum 
difference (m/s) 

Average 
difference (m/s) 

Maximum relative 
difference (%) 

Average relative 
difference (%) 

Standard 
deviation (m/s) 

BH07 22 at 4.6 m 4.5 24 at 4.6 m 4 5 
PBH02 8 at 12 m 3.3 5.5 at 3 m 3 3 
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according to the NEHRP. The results of the shear wave 
velocities and VS30 estimated by the MASW and downhole 
methods are similar with the average relative difference of 
3-4%. The present study area possesses the thickness of 
the silty layer with larger than 10 m and the low VS and 
VS30 values with less than 100 and 180 m/s, respectively, 
and thus representing an essential information to consider 
in the engineering constructions. The obtained results 
indicate that the MASW survey could be utilized to 
evaluate the stiffness of soil around HCMC areas. 
Moreover, the results have revealed more detailed 
geophysical features of soils in the study area, which can 
be utilized to develop a map of the stiffness of soil in 
HCMC. The next article in this series will consider the 
comparison of shear wave velocity profiles using the 
methods of MASW, downhole, and empirical correlations 
at Saigon High Tech Park of District 9 in HCMC. 
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Symbols and abbreviations 
 
a, b Coefficients of empirical function 
di Thickness of the ith layer 
NEHRP National earthquake hazards reduction 
 program guidelines 
MASW Multichannel analysis of surface wave 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
R Correlation coefficient 
SPT-N Standard penetration test blow counts 
VS Shear wave velocity 
VS30 Average shear wave velocity 
Vsi Shear wave velocity of the ith layer 
Xi Source offsets 
 
 
 
 


