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CORRELATION OF SHEAR WAVE VELOCITY (Vs) AND SPT-N VALUE
OF VARIOUS SOIL DEPOSITS FOR CHANAYETHARZAN TOWNSHIP
IN MANDALAY DISTRICT
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Abstract

The research area, Chanayethazan Township is a main population center in Mandalay District and
lies in near the seismically active Sagaing fault. Nowadays, geotechnical and geophysical
techniques are widely used for evaluating dynamic soil properties and seismic hazard analysis.
The dynamic loading of soil in the present area are evaluated by shear wave velocity (Vs) using
geotechnical (mainly SPT) and geophysical (mainly microtremor HVSR) methods. At some places
obtaining only SPT data or only Vs value, we are difficult to predict the true correlation. The
purpose of this paper is to establish the new formulas for the shear wave velocity (Vs) and SPT-N
values relationships of the various soil types. Fifteen data pairs were employed to assess relation
between Vs and SPT-N values. Although most correlations of other areas are comparable and in
good trend, these correlations for the present area are directly disallowed because of different
practice of SPT and shear wave investigation works. Thus, present research based on previous
literature and observed data was attempted to establish new correlations between Vs and SPT-N
for various soil types of the study area. The proposed data will be aid for seismic hazard analysis
and engineering purposes of Chanayethazan Township.

Keywords: shear wave velocity (Vs), numbers of blows from standard penetration test (SPT-N)
value, microtremor horizontal vertical spectral ratio (HVSR).

Introduction

The research area, Chanayethazan Township is a main population center of Mandalay
District and lies in near the seismically active Sagaing fault. The hazardous effects of earthquake
are significantly affected by the local site effects of soil under dynamic loading. Nowadays,
geotechnical and geophysical techniques are widely used for evaluating dynamic soil properties
and seismic hazard analysis. The dynamic properties of soil in the present area can be estimated
using shear wave velocity (Vs) resulted from both borehole (SPT-N values) data and
microtremor horizontal vertical spectral ratio (MHVRs) data.

Shear wave velocity (Vs) can be also used for various applications such as liquefaction
potential analysis, earthquake site response, foundation stiffness assessment and soil compaction
(Park, B, C., et al, 1997). Thus, average shear wave velocity to a depth of 30 m (Vsg) is essential
for evaluation of seismic site characteristic in the study area. Now, standard penetration tests
blow count number (SPT-N) value and the shear wave velocity (Vs)are the most common
methods for determining the earthquake related hazards all over the world. Thus, many attempts
in worldwide have been made to correlate values of Vs with available soil parameters (SPT- N
value). Although the empirical correlations of previous researchers between SPT-N and Vs is
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convincing with notably worldwide agreement, these correlations are directly disallowed because
of different practice of SPT and shear wave investigation works due to various geological
conditions. In the present area, the own empirical correlations of SPT-N & Vs for the different
soil types have not been reported in the literature. Therefore, Vs—N relationship for various soil
types of Chanayethazan Township in Mandalay district has been investigated. Sometimes
microtremor survey is not easy to obtain Vs value in all the locations of the research area because
of noisy conditions. At this condition, standard penetration test is better than microtremor survey.
On the other hand, sometimes the penetration test cannot be performed conveniently and reliably
at all depths and in all soils such as those with large grain size, i.e., gravelly soils these sites may
give unrealistic high N-value. Thus, a new correlation between SPT-N and Vs needs to establish
for research area.An empirical relation (Vs & SPT-N) applicable to all the fifteen-pair sites was
evaluated based on the existing correlations of previous researchers and observed data. By using
empirical regression analysis, the present research was established the new formulas for SPT-N
and Vs values relationships of the various soil types i.e. all soils, sandy soils and clayey soils for
estimation of seismic hazard analysis.

Site Investigations

The site investigations were carried out using both geotechnical mainly standard
penetration test (SPT) and geophysical mainly microtremor survey. In the present research,
15 boreholes and 40 microtremor investigation points are used to conduct subsurface survey in
the study area. Among them, all the 15 pair sites was evaluated for empirical relation SPT-N &
Vs .The laboratory tests of sample were collected from all these sites. The locations of the
fifteen-pair points are shown in Fig. 1.
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Figure 1 Location map of investigation sites
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Methodology

Subsurface investigations of the present area were carried out by using 40 microtremor
points and 15 drilled boreholes. For the study area, 15 data pairs were employed to develop
empirical relations between Vs &SPT-N values for different soils using regression analysis. The
site investigations at 15 boreholes points of the study area were examined about 30 m depth of
surface layer. N value was obtained from geotechnical field data as SPT method. Vs profiles
resulted from SPT-N values were presented seven layers and Vs models obtained from
microtremor HVSR data were constructed four layers. The combination of the two Vs model
profiles are shown in Fig. 2.
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Figure 2 Comparison of Vs profiles resulted from SPT-N (red line) and microtremor (HVSR)
data (blue line)

Estimation of shear wave velocity to a depth of 30m using SPT data

The SPT dataset is used to develop subsurface describing the distribution of time-
averaged shear wave velocity, Vs30, across the study area .Target profile depths of 5, 10, 20,
30 m were considered to allow for an assessment of the distributions of soil stiffness with depth
across the region. Vs30 values are computed for each target depth. The evaluated Vs30 for each
site of the study area are calculated in the following equation.

Vs30 =22

St ydi
! ZUSi

Where vg; is shear wave velocity, d; thickness of i ™ layer and ¢; one way travel time in i ™ layer
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Estimation of shear wave velocity to a depth of 30m using MHVRs method

Shear wave velocity is an important parameter for estimation of the dynamic
properties of soil in the shallow subsurface. In the present study, Vs30 is calculated as the
following equation;

30

N b
i=1 Vi

Vs30 =

Where, Vs* is the shear wave velocity of upper 30m, h; and V; denote the thickness (m) and
shear wave velocity of the i-" layer, in a total of N, existing in the top 30m.

Regression analysis

For the regression analysis of the present area, N values were estimated above suitable
depth of SPT borehole and the shear wave velocity profile was developed based on the layer
formations observed from SPT and MHVRs testing by using 15 pair data.Many researchers as
listed in table (1) were proposed their own empirical correlation between Vs and SPT-N value for
various categories of soil (i.e. all soils, sand and clay) at different locations. The present
correlations Vs and SPT-N were examined based on previous literature and observed data using
regression analysis. The predicted correlation in the form of a power-law relationship between Vs
and SPT resistance can be used as the following equation.

Vs=a N°

where Vs is shear wave velocity, N is SPT-N value, a and b are coefficients varying for different
locations and types of soil.

Table 1 Vs-N correlations given by other researchers

Researchers All soil(ms™)
Hanumantharao and Ramana Vs= 82.6N%*

Vs=79.0N%*3*

Maheshwari et al. -

VS:95N0.300 _

Ohba and Toriumi

Vs=84N"*

Imai

Vs=91N**%

Vs=80.6N">%

Vs=80.2N"%

Ohta and Goto

Vs=85.35N">%

Vs=88.0N">*

Jafari et al Vs=121.0N%*" vs=88.0N"*"  \vs=100.0N">*
Seed and Idriss Vs=61N">% - -
Lee - Vs=57.4N%*Y  \/s=114.4N%310

Sykora and Stokoe

Vs=100.5N%*%

Okamoto et al

Vs=125.0N"%

Pitilakis et al

Vs=162.0N%7

Vs=165.7N"

Athanasopoulos

Vs=107.6N">%

Raptakis et al

Vs=123.4N"%*%

Vs=184.2N"%7°

Hasancebi and Ulusay

Vs=90N"**

Vs=90.8N">%

Vs=297.9N%%°

Uma Maheswari et al

Vs=95.64N">"

Vs=100.53N"*%

Vs=89.31N">>®

Esfehanizadeh et al

Vs=107.2N%3*

Fatehnia et al

Vs=77.1N"%>>

Vs=77.1IN>*>
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Results and Discussion

For the present area, the observed data for estimating the best relationships were also used
in the above power function equation. By result data, range of SPT-N values is 2 to 20 and
average range of Vs is >120 to <400 ms®. This analysis is almost performed by computer
program. The newequations developed for the correlation between Vs and SPT-N values of the
study area are shown in table (2). The coefficient of determination (R?) is used to analyze how
difference in two variable. R? range is 0 to 1 i.e, 0% to 100% probability of the two sets of
variables.

Table 2 Summary of the proposed relationships in Chanayetharzan Township

All soils Vs5=90.9N"*? 0.9874
Sandy soil Vs= 97.6N*3% 0.9894
Clayey soil Vs= 113.55N%%® 0.9918

All Soil

Fig (3) shows the graphical validation of the regression analysis for all soil based on
comparison of previous researchers and observed data. N values were placed < 20 for regression
analysis. This correlation was compared with nine researchers such as Hanumantharao and
Ramana(2008),0hba and Toriumi(1970), Imai(1977), Ohta and Goto(1978), Jafari et al(2002),
Seed and Idriss(1981), Athanasopoulos(1995), Hasancebi and Ulusay(2007), and Uma
Maheswari et al(2009). According to research data, the new regression equation for all soil is
similar to Imai (1977), and Hasancebi and Ulusay (2007). Fig (3) shows the empirical correlation
between Vs and SPT-N for all soil based on observed data of the study area using regression
analysis and the proposed relation is Vs=90.9N%%2The coefficient of determination (R?) is
0.9874 which is a strong correlation between SPT-N and Vs value.
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Figure 3 Comparison of the proposed regression formula with current correlations between
SPT-N and Vsvalue for all soil types based on other worldwide relations and observed
data
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Sandy Soil

The predicted correlation between SPT value and shear wave velocity for sandy soil is
compared with the existing correlations given by other researchers as shown in Fig (4). The
comparisons of the results of the present study are made with the equations recommended by
fourteen other researchers as shown in table (1). Fig (4) shows correlation between Vs and N for
sandy soils and proposed relationship of sandy soil is Vs=97.6N%*%®. The coefficient of
determination obtained (R?) was 0.9894 which is a good correlation between SPT-N and
Vs.There is a considerable more scatter below the fitted (results) line. According to fig (4), the
new regression equation for sandy soil is similar to Sykora and Stokoe.
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Figure 4 Comparison of the proposed regression formula with current correlations between
SPT-N and Vsvalue for sandy soil

Clayey Soil

Similar to other soil types, the correlation was developed using a simple regression
analysis for the existing database. In Fig. 5, the proposed relationship of Vs and SPT-N for
clayey soils is compared with the equations recommended by eight other researchers as shown in
table (1). Fig (5) shows comparison between uncorrected Vs and uncorrected N for clayey soils is
developed and the proposed relation is Vs=113.55N%%. The coefficient of determination is
R?=0.9918 which is quite high value as compare to that for other soil types. Therefore, the
relationship for clayey soils is bit different than other soils (table.2). It can be observed that the
result of the present study is closed to that of Jafari et al.
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Figure 5 Comparison of the proposed regression formula with current correlations between SPT-
N and Vs value for clayey soil

Conclusions

For the study area, 15 data pairs were employed to develop empirical relations between
Vs &SPT-N values for different soils using regression analysis. By result data, range of SPT-N
values is 2 to 20 and average range of Vs is >120 to <400 ms™. Direct measurement of Vs is
time consuming and costly, therefore many researchers have been trying to update empirical
relationships between Vs and other geotechnical properties of soils such as SPT Blow count,
SPT-N.

All of present results obtaining from SPT and Vs are to assess the dynamic properties of
soil. Although most of the previous correlations are comparable and in good trend, direct
application to other regions are disallowed because of different practice of SPT and shear wave
investigation works. The differences exist in the earlier predicted correlations because of the site
investigation error and chance in geological conditions or soil strata in the study area. Such
relationships are not reported previously for the present area. Hence, present researcher were
attempted to establish new correlations between Vs and SPT-N for various soil types of the study
area such as all soils, sandy soils and clayey soils. The present correlations Vs and SPT-N were
examined based on previous literature and observed data using regression analysis. According to
our result data, the present correlations are reliable with other relations. By the coefficient of
determination (R?) values, the new regression equations of the present area give good prediction
performances. Hence, the present results can be effectively used for studying the seismic site
response and engineering properties of soil in the study area.
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