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Selecting a seismic source for the SCPT test 
Choix de source pour l’essai de pénétration au cône sismique

L. Areias & W.F. Van Impe 
Department of Civil Engineering, Ghent University, Belgium

ABSTRACT
Different types of sources are currently used to generate horizontal shear (SH) wave signals with the seismic cone penetration (SCPT)
test. Yet little is known about their performance and whether they can affect the accuracy of arrival time measurements. This paper
presents test results obtained to characterize the performance of two types of SH wave sources. The results show that there are marked
differences in performance between the sources investigated. It is also shown that their differences can affect the accuracy of meas-
ured time arrivals.

RÉSUMÉ
Différentes sources d’ondes de cisaillement sismiques sont actuellement utilisées dans l’essai de pénétration au cône sismique. Ce-
pendant, peu est connu de leurs performances et, surtout, si elles influencent la précision des mesures de temps d’arrivé. Cet article
présente des résultats de recherche sur deux types de sources utilisées dans l’essai de pénétration au cône sismique. Les résultats dé-
montrent qu’il y a des différences importantes entre le comportement des deux sources étudiées. Une liaison entre la performance et
l’effet sur la précision des temps d’arrivé est établie.

2 GENERATION AND MEASUREMENT OF SH WAVES1 INTRODUCTION

SH waves in SCPT tests are generated at the surface using a
beam or a base plate and a striking hammer. The seismic waves
are detected by geophones or accelerometers installed in the
cone’s housing. Typically, an array of 3 orthogonally-oriented
(x,y,z) geophones is used. In this case, two of the geophones are 
installed horizontally to record the SH waves, while the third
geophone is positioned vertically to capture the P signals.

The standard cone penetration (CPT) test has been adapted to
perform SCPT tests in soils (Robertson et al., 1986). SCPT tests
provide time records of compression (P) and SH wave signals
as a function of depth. From these records, the respective ve-
locities of compression (Vp) and shear (Vs) can be calculated.
These are related to the Lamé constants � and G, which de-
scribe the behavior of isotropic, linear elastic materials, by:

ρ
λ GVp
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A computer equipped with a data acquisition and triggering
system is used to record and store seismic signals for analysis.
The data are analyzed to estimate Vs and Vp, as described ear-
lier.

and
2

sVG ρ= (2)

The beam or base plate needs to be weighted down to obtain
firm and secure coupling with the ground. Striking the beam or
base plate horizontally generates predominantly SH-rich waves. 
Impacting the source vertically produces mostly P waves. 

Sources are typically weighted down using the weight of a
CPT truck. These can be further weighted down using coupled
or de-coupled methods. A schematic drawing showing the two 
types of loading is presented in Figure 1.where � = density of the soil; and G is the shear modulus.

The Lamé constant �, elasticity modulus (E) and Poisson’s 
ratio (�) are further related by:
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and
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=
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Loading the source using the de-coupled method has been
shown to generate SH waves with 3 to 4 times higher energy
than when loading is applied using conventional, coupled meth-
ods (Fig. 2). This figure also shows that an optimum weight 
(applied stress) can be placed on the source to generate maxi-
mum SH wave energy. A full detail of test results on the effect
of applied stress on generated wave energy is given by Areias et
al. (1999). 

3 COMPARING PERFORMANCE OF TWO SH SOURCES 

Different types of sources are currently used to generate SH 
waves with the SCPT test method, with little attention being
given to performance and standardization. This is mainly

As can be appreciated from the foregoing equations, an accu-
rate measurement of Vs is crucial for the accuracy of the test be-
cause a small error in Vs results in a large error of G. 
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Figure 1. Sources weighted down using coupled (a) and de-coupled (b)
methods (after Areias et al., 2004)
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Figure 3. SH wave sources tested 

SH wave signals were generated using a mechanical swing
hammer to produce repeatable impacts at 15o swing angles
(Areias et al., 1999).

3.3 Test results

A total of 48 tests for beam 1 and 43 for beam 2 were analyzed
to measure the first time arrivals (t), expressed in milliseconds
(ms), of SH waves recorded by the x geophone. A first observa-
tion of the measurements revealed a continuous variability of t,
suggesting that the data could be analyzed using a normal dis-
tribution. The probability density function f(x), which defines
de normal distribution, is plotted as a function of t in Figures 4
and 5 for beams 1 and 2, respectively. It is clear from these fig-
ures that the normal distribution is a good model for the distri-
bution of t measurements performed for beams 1 and 2.

Figure 2. SH wave amplitudes from de-coupled and coupled sources
(after Areias et al., 2004)

because there are not yet established criteria for the design of
SH sources. 

When left with the choice, an operator will adapt a source
that best meets his or her practical application. Besides making
it difficult to compare results obtained with different sources, it
also raises the question of how performing these different types
of sources really are, and how they could be optimized.
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3.1 Sources tested 

Two types of sources have been studied in a closely controlled
experiment to compare their performances. These sources are
labeled beam 1 and beam 2 and are shown in Figure 3. Beam 1 
is a solid steel bar having a mass of 236.3 kg and measuring
200x50x3000 mm in width, height and length, respectively.
Beam 2 is a standard steel H-beam (designation HEA 160) with
a mass of 113.7 kg and measures 160x152x3110 mm, respec-
tively.

3.2 Test setup

An SCPT cone equipped with 3 (x,y,z) geophones was first
pushed to a depth of 10.75 m in a silty sand soil using a CPT 
truck. After installation of the cone, the CPT truck was uncou-
pled from the push rods and removed from the test site to mini-
mize background noise. 

The source beams were then placed on flat, leveled ground
and centered with respect to the SCPT cone at an offset distance
of 73 cm. The cone was further oriented parallel to the
x geophone for maximum signal energy measurement. Each of
the beams was weighted down using 330-kg free weights to ob-
tain coupling stresses ranging from 2.2 to 90.2 kN/m2 using the 
coupled-load method (Fig. 1). The free weights were distributed
evenly over the source beams to achieve a uniform distribution
of contact stresses with the ground.

Figure 4. Test results for beam 1 showing probability density function 
with mean 55.18 ms and variance 0.76 

It can be observed from the results presented in Figures 4 
and 5 that beam 1 performs better than beam 2. This is seen
from the shape of the normal curve, which shows significantly
less spreading for beam 1 than for beam 2. This is further con-
firmed by the values of mean and standard deviation, which are
55.2 and 0.87 for beam 1, and 59.2 and 4.62 for beam 2, respec-
tively.
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Beam 2
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Figure 5. Test results for beam 2 showing probability density function 
with mean 59.25 ms and variance 21.32

Using the average t values calculated for beams 1 and 2, a
difference of 7.2% is calculated between the respective beams.
This can be considered small for the present SCPT test method.
However, a much larger error is likely to occur in practice when
a poor performing source, such as beam 2, is used. That is be-
cause at most 5 tests are normally performed in routine SCPT
testing to determine arrival time profiles. 

Increasing the number of tests would improve measurement
accuracy. But it is simply not practical to perform large num-
bers of repeated tests to obtain a better average of arrival times.
It is, however, possible to select sources based on their perform-
ance to improve the accuracy of the SCPT test method. A
method such as the one used here to characterize beams 1 and 2
could be used to evaluate the performance of SH sources. 

3.4 SCPT test to verify results on seismic sources

In order to verify the test results presented in Figures 4 and 5,
an extensive field SCPT test was performed at a different site.
The test was performed to a maximum depth of 12 m in a dense 
sandy soil. The depth was limited by the push thrust of the 200
kN CPT machine used for the tests.

Beam 2 was used as source. Hold-down loads were applied
by the CPT truck using the de-coupled method (Fig. 1) to opti-
mize SH signal energy, as previously discussed. The amount of
coupling stress applied to the source was not measured. A 
sledge hammer was used to impact the beam for the generation
of SH waves. 

The test was performed at 1-m depth intervals. At each
depth, 40 blows were generated at each end of the beam to pro-
duce polarized pairs of SH waves. This was estimated from pre-
vious tests as the minimum sample size required for an accept-
able calculation of sample means and the normal distribution
curve.

The test results for this campaign were analyzed using the
statistical analysis program SPSS. Results are given here for a
test at depth of 9 m, which are typical of the results found at 
other depths in this test. The results are given in terms of time
shift (t-shift), in ms. The t-shift refers to the time difference be-
tween SH signals from 8 and 9 m depth. They were calculated
using a cross-correlation algorithm.

The output giving the descriptive statistics is presented in
Table 1. In this table we see that the mean and median are very
close, and that the kurtosis (peakedness of the distribution) ap-
proaches zero. Although the skewness deviates from zero, these
indications reasonably suggest that the data fits a normal distri-
bution. This is further confirmed by the Kolmogorov-Smirnov
test for normality (Table 2) which gives a significance probabil-

ity of 0.200 for the probability that a deviation from zero for the 
Kolmogorov statistic as large as 0.102 occurs purely by chance
when t-shift is normally distributed.

Table 1. Descriptive statistics 

Statistic Std. Error
Mean 4.392050 .0769343

Lower
Bound 4.23643695% Confidence In-

terval for Mean
Upper
Bound 4.547664

5% Trimmed Mean 4.375444
Median 4.350000
Variance .237
Std. Deviation .4865750
Minimum 3.5500
Maximum 5.5030
Range 1.9530
Interquartile Range .591250
Skewness .394 .374

Depth
9m

Kurtosis .084 .733

A graphical description of t-shift values is provided in the
histogram in Figure 6. The normal curve, calculated on the basis
of the mean and standard deviation, is also included in this 
graph. It is clear that this normal distribution is a good model 
for the distribution of measured t-shift values.

Table 2. Tests of normality

Kolmogorov-Smirnov(a) Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
Depth
9m .102 40 .200(*) .965 40 .256

*  This is a lower bound of the true significance.
a  Lilliefors Significance Correction

A rankits or normal q-q plot for the data is also presented in 
Figure 7 showing that the observations closely fit a straight line.
This further confirms the normality of the measured data. 
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Normal Q-Q Plot of Depth 9m
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Figure 7. Rankits plot 

From the statistical analyses presented above, it is concluded
that the arrival times measured in the SCPT test constitute a
continuous random variable that can be represented by a normal 
distribution. These findings further confirm similar observations
made in the controlled source experiments described earlier. 

4 CONCLUSIONS

Controlled experiments performed on two types of SH seismic 
sources show that beam 1 and beam 2 differ significantly in per-
formance. The results underline the importance of selecting a 
good source for the SCPT test to optimize SH wave energy and
increase arrival time accuracy. A method such as the one used
here to characterize beams 1 and 2 could be used to evaluate the
performance of SH sources. 

Research tests performed both on the controlled experiments
and in an extensive SCPT field investigation provide conclud-
ing evidence that arrival times measured in the SCPT test
method constitute a continuous random variable that can be rep-
resented by a normal distribution. This finding has obvious im-
plications on the accuracy of measured arrival times and should 
be considered in the future to improve the test method. 
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