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Abstract

Cone penetration test (CPT) is probably the most popular
in situ testing method in the world today. Various design
parameters, such as undrained strength and relative
density, as well as indices for liquefaction assessment,
can be derived from the CPT. However, the use of CPT in
many roading projects and in subdivision developments
may be constrained by the number of tests or project cost;
hence, alternative in situ testing technique to supplement
the CPT is necessary. Screw Driving Sounding (SDS) is a
new in situ test in which a machine drills a screw point into
the ground in several loading steps while the attached rod is
continuously rotated. During the test, a number of param-
eters, such as torque, load, speed of penetration and
friction, are measured at every rotation of the rod; these
provide a robust way of characterising soil stratigraphy. In
this paper, the principle of SDS testing is described. SDS
tests were performed at various sites in New Zealand where
CPT data are available. Then, a side-by-side comparison
between CPT and SDS is performed to derive correlations
between the CPT tip resistance (q.), sleeve friction (f;) and
soil behavior type index (I.) and the SDS parameters.
Based on the results, it is observed that g, correlates well
with the penetration energy in SDS while f; and /. are
related to the average torque and change in torque,
respectively. The good correlation obtained between CPT
and SDS indicates that SDS can supplement CPT results
for a more cost-effective geotechnical investigation.
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1 Introduction

Accurate estimation of soil properties is necessary in order to
determine the required input parameters in the design of
geotechnical structures. For this purpose, in situ testing has
been the preferred approach over the more tedious soil
sampling and laboratory testing and geotechnical properties
are empirically correlated with the measured in situ param-
eters. Among the various in situ testing techniques currently
available, the cone penetration test (CPT) has been gaining
popularity because of its many advantages. However, the
requirement for large equipment, open space and skilled
operators, not to mention cost, is prohibitive for small-scale
residential house construction and for some roading projects.

In Japan and other European countries, the Swedish
Weight Sounding (SWS) test is a popular alternative as the
apparatus used does not occupy a large space and the
implementation is simpler compared to other methods.
However, SWS has been observed to have low accuracy in
terms of soil classification, and rod friction has a significant
effect on the test results.

The Screw driving sounding (SDS) is a new in situ testing
technique developed in Japan. It is an advanced version of
SWS and it takes into account the rod friction in the mea-
surements and monitors more parameters. As SDS is sim-
pler, faster to implement, more economical than CPT and
more accurate than SWS, it can be a good alternative in situ
test for soil/site characterisation; hence, it can be a good
supplement to CPT especially when applied to projects
extending over wide areas, such as roading works.

This paper attempts to correlate CPT and SDS parameters
by performing SDS tests at sites where CPT data are avail-
able and conducting side-by-side comparison between CPT
and SDS. The results indicate a good correlation between the
two, suggesting that SDS can supplement CPT results for the
most cost-effective geotechnical investigation.
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2 Principle of SDS and Test Procedure

2.1 Swedish Weight Sounding (SWS) Method

Before discussing the principle behind the SDS method, it is
worthwhile to provide a background of the SWS technique
(Tsukamoto et al. 2004; Tsukamoto 2013). The apparatus
consists of a screw point, sounding rods, a rotating handle
and six pieces of weights making a total of 100 kgf (980 N),
as shown in Fig. 1. The field test comprises two phases:
(1) static penetration; and (2) rotational penetration. In the
static penetration phase, the screw-shaped point attached to
the tip of the rod (weighing 49 N or 5 kgf) is statically
penetrated by loading several weights (10, 10, 25, 25, 25 kgf)

Fig. 1 a Equipment used for

on top of the rod in stepwise increments until the total load is
equal to 980 N (100 kgf). At each load increment, the depth
of static penetration is measured and the total weight is
denoted as W, (kN). If the screw point cannot penetrate
under the maximum load, static penetration is ceased and
rotational penetration is conducted. The horizontal handle
attached to the top of the rod is rotated, and the number of
half turns necessary to penetrate the rod through 25 cm is
denoted as N,,. The values of N, are then multiplied by 4 and
are converted to the number of half turns per metre, N,,,.
Although the SWS test is highly portable and simpler
than other sounding tests, this test has some disadvantages,
such as the results being fairly influenced by rod friction. In
cases where the soil contains gravel, the required load to
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penetrate, the number of half-turns and, consequently, the
soil resistance from the SWS tends to be overestimated as
the rod friction becomes large.

Suemasa et al. (2005) investigated the interaction
between the torque and the vertical load during SWS
implementation and proposed an analogy model based on
plasticity theory and the results of SWS miniature test
results. Based on these, they noted that the coefficient of
yield locus, ¢, (which relates the normalised torque and
normalised weight applied) and the coefficient of the plastic
potential, ¢, (which relates the normalised half-turns and the
torque on the rod), vary depending on the soil type; i.e. clay,
loam, medium sand or dense sand; hence, they proposed that
soil can be classified based on the data obtained from SWS
tests if the torque can be measured. This resulted in further
refinement of the SWS method in terms of operating system,
which led to the development of the SDS method.

2.2 Screw Driving Sounding (SDS) Method

Test Procedure. A new system for conducting the SWS
method has been recently developed in Japan to minimise
the disadvantages of the SWS method and to incorporate a
procedure to measure the rod friction. Such method is
referred to as the Screw driving sounding (SDS) test. For this
purpose, a small portable machine is used to apply the load
monotonically in seven steps (250 N, 375 N, 500 N, 625 N,

( Start )

(a)
-

750 N, 875 N, and 1000 N), i.e. the load is increased at
every complete rotation of the rod until a 25 cm penetration
is reached. During this time, the rod is always rotated at a
constant rate (25 rpm). The process is repeated at every
25 cm of penetration. The parameters measured during the
test are the maximum torque (7,,,), the average torque
(T4ve), and the minimum torque (7,,;,) on the rod for each
applied load, the penetration length (L), the penetration
velocity (V) and the number of rotations (N) of the rod.
These parameters are measured at every complete rotation of
the rod. Note that after each 25 cm of penetration in the SDS
method, the rod is lifted up by 1 cm and then rotated to
measure the rod friction. Then it is moved down 1 cm back
to its original position and the process is repeated. Tanaka
et al. (Tanaka et al. 2012) derived a way to correct the torque
and load to take into account friction. The procedure in
performing the SDS test is outlined in Fig. 2a.

While the SWS method is usually performed manually
(i.e. application of weights and rotation of rods are done with
human effort), the need for measurement of torque and
velocity requires the use of a machine. A machine originally
used for the SWS test has been improved to be suitable for
the SDS application. Figure 2b illustrates the small-scale
machine used in the SDS test, which can be disassembled for
ease in transport and handling. With the test capable of
measuring more parameters, a better insight of the soil
profile and penetration resistance of the layers can be
obtained.
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Fig. 2 a Procedure in performing SDS test; b SDS equipment
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SDS-derived parameters. More information can be
obtained by processing the measured data from SDS tests
(Mirjafari 2016). For example, NgpD is the normalised
half-turns obtained by multiplying the number of half-turns
for every 25 cm of penetration (Ngp) by the outer diameter
of the screw point (D). This number gives an indication of
the level of torque required to twist the rod. Another
parameter, n7/WD, represents the normalised torque and is
defined using the torque (7), the weight applied (W) and the
outer diameter of the screw point (D). Other SDS-derived
parameters include the following:

Ave(oT) =

1<~ [ NgpD
Vi
=2 _spZ 2
“p n; (nT/WD),. 2)

where 0T is the change in torque, 7, at each step of loading,
i; n (= 7) is the number of loading; and c,” is the modified
coefficient of plastic potential.

During the SDS test, both load and torque are applied to
the rod at the same time The combined effect of the applied
load and torque can be expressed in terms of energy, i.e., the

Y. Mirjafari et al.

incremental work done, JFE, by the torque and vertical force
for a small rotation can be calculated as (Suemasa et al.
2005):

OE = nTény, + Wos, (3)

where 0ny, is the number of incremental half turns and Js, is
the incremental settlement caused by the load. The specific
energy, E, is defined as the amount of energy for complete
rotation, E, divided by volume of penetration:

E

Ei=——
L-A

(4)
where L is the depth of penetration and A is the maximum
cross-sectional area of the screw point. E is taken as the
average of the specific energies calculated at different steps
of loading at each 25 cm of penetration. Based on this
definition, it is clear that as the difficulty in penetrating the
layer increases, E also increases.

Comparison with other in situ methods. A comparison
between the SDS method and conventional in situ testing
techniques is summarised in Table 1. As observed from the
table, the SDS method has many advantages, such as simpler
system, faster procedure, lighter reaction weight and better cost

Table 1 Comparison between SDS method and conventional sounding methods (Orense et al. 2014)

SDS SWS (automatic) SPT CPT
Basic data Penetration Static and Static or rotational Dynamic Static penetration
type rotational penetration penetration
penetration
Penetration SPT N value SPT N value of around 10 High Based on load ability
ability of around 10
Obtained 3 components: One component: load or half | One component: 3 components: penetration
information load, torque, turns number of blows resistance, friction, and pore
and (soil type) pressure
penetration
depth
Estimated Soil type, N value, g, Firmness Soil type, strength,
information firmness, etc. liquefaction, and
consolidation
Workability Efficiency Good Good Bad Acceptable
Working space Applicable to Applicable to constricted Equivalent to two A little wide
constricted space vehicles
space
Installation Easy Easy Scaffolding and Anchor casting
effort water supply are
required
Required skill Not very high Not high High High
Environmental Quiet Quiet With noise and Quiet
impact vibration
Cost Low Low High Slightly high
Remarks Currently only Lacks reliability. Widely Physical testing is Difference in apparatus is

JHS

used for residential houses
in Japan

available; Widely
used in Japan

observed. Widely used in
Europe and America
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efficiency than other sounding tests. It has a lot of potential in
terms of application especially to residential houses.

3 Correlation with CPT

3.1 SDS Application in New Zealand

The authors have taken the opportunity to use the SDS
method at various sites in New Zealand for three purposes:
(1) by comparing the SDS results with available data from
adjacent CPT/SPT sites or borehole logs, provide further
data to characterise sites in New Zealand and determine their
geotechnical properties; (2) add data to the existing database
of Japanese soils in order to improve the applicability of
SDS method; and (3) explore the possibility of correlating
SDS results with those of CPT and SPT.

Overall, 260 SDS tests have been performed at various
soil sites in New Zealand. All of the tests were conducted at
sites where borehole data and/or CPT data are available.
From the database created, soil classification charts (Mirja-
fari et al. 2016) as well as liquefaction potential charts
(Mirjafari et al. 2015, 2016) have been developed making
use of SDS test results.

A typical SDS result showing the depth profile of specific
energy, E;, is shown in Fig. 3. The test was performed
within 2 m of a CPT site and borehole. Also shown in the
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figure is the CPT profile available, where it is seen that the
variation of the E; with depth is similar to the variation of the
CPT tip resistance, ¢, along the soil profile.

3.2 SDS Correlation with CPT

Correlation with g.. Using the results of all the SDS tests
conducted adjacent to CPT sites, a correlation was made
between the specific energy and the cone tip resistance.
Figure 4 illustrates the relationship between E; and g. for
all soils with different fines content (FC). The values of
FC were estimated from the SDS data (Mirjafari et al.
2017).

It can be observed that for deposits consisting of clean
sands (fines content, FC < 5%, there is a good correlation
between E; and g, although the data is scattered. However,
for silty sands with 5% < FC < 35%, the correlation appears
to be better (with higher correlation coefficient). For soils
with high FC, the relation can be divided into two: soft
clayey soils (c,” < 0.9) and stiff clayey soils (c,” > 0.9).
Note that high ¢,” is an indication of highly plastic clay or
stiff clay.

Correlation with f;. Attempts were made to correlate
SDS parameters with the CPT sleeve friction, f;. In order to
facilitate the correlation, f; was combined with g, in terms of
the parameter P:

Fig. 3 Typical variation with E, (N-mm/mm?3) q. (MPa)
depth of a E; from SDS test; and
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log g,

=— 5
log F, + 10 )

where F,= (f//(q.—0,0)) X 100% and G, is the total vertical
pressure (Robertson 1990). By analysing the SDS results
obtained, it was determined that P correlates well with the
corrected torque, 7. A typical depth profile comparison
between P and T is given in Fig. 5, where a good agreement
is obtained.

The correlation between P and the average torque, Ty, 1S
shown in Fig. 6. It can be seen from the figure that with the
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relatively good value of the coefficient of determination, R?,
there is good correlation between the two parameters. Thus,
[y at any given point can be estimated from 7,,. and P cor-
relation, and then through Eq. (5).

Correlation with I.. Finally, SDS parameters were cor-
related with the soil behaviour type index, I., which is
essentially the radius of the concentric circles delineating
boundaries between soil types in the soil behavior chart
(Robertson and Wride 1998). Figure 7 shows the correlation
between I. and Ave(dT); again, good correlation can be
observed.
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4 Concluding Remarks

A new in situ testing method, referred to as the Screw
driving sounding (SDS) method, has been recently devel-
oped. As an improved version of the conventional Swedish
weight sounding (SWS) method, more parameters can be
measured during the SDS tests, such as the torque, load and
penetration velocity. Additional parameters can be derived
by processing the measured SDS data. Based on a number of
tests conducted adjacent to CPT sites in New Zealand,
attempts were made to correlate various SDS parameters
with the tip resistance, sleeve friction and soil behavior type
index in CPT.

With the relatively good correlations obtained, it was then
possible to estimate the CPT strength profile from SDS.
As SDS is simpler, faster and more economical test, the
results suggest that SDS can supplement CPT results for a
more cost-effective geotechnical investigation.
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