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ABSTRACT: Site investigation for the active layer during thawing period is necessary to ensure the
ground stability in cold region. For the thawed active layer, the strength of the ground is dependent on the
characteristics of soil particles rather than ice amount. The objective of this study is to evaluate the effect
of particle size and particle distribution on the strength of soils. The dynamic cone penetrometer instru-
mented with strain gauges and accelerometer is developed to investigate the active layer in the field. The
dynamic cone penetration index (DCPI) is measured for the strength characterization. Furthermore, the
dynamic cone resistance is estimated using the transferred energy at the cone tip. The soil samples at 4
different depths are gathered after the dynamic cone penetration test. The particle size at 60% finer (D60)
and coefficient of uniformity (Cu) of soil samples are estimated for the comparison with the dynamic pen-
etration index and dynamic cone resistance. Experimental results show that the dynamic cone penetration
index increases, and dynamic cone resistance decreases as both particle size and coefficient of uniformity
increase. In addition, the dynamic cone resistance is more reliable than dynamic cone penetration index
because the transferred energy is considered. This study suggests that the particle characteristics affect the
strength of the soils in active layer, and the dynamic cone resistance can be used as an effective tool for
the ground investigation.

Keywords: dynamic cone penetration index; dynamic cone resistance; particle distribution; particle size;
strength.

1 INTRODUCTION

In arctic regions, seasonal climate change may occur the freezing-thawing cycles of the ground. The active
layer, which is the soil layer between permafrost and atmosphere, is determined as the upper ground layer
undergoing the freezing-thawing cycles (Anisimov et al., 1997). Furthermore, global warming may in-
crease the thickness of the active layer (Nelson et al., 2001). The active layer is significantly weakened
during seasonal thawing period because the ice between soil particles changes the phase into water. In ad-
dition, the number of freezing-thawing cycles affects the characteristics of the soils because volume ex-
pansion during freezing disperses the soil particles, and cannot be recovered to the initial state after thaw-
ing (Kang and Lee, 2015). Thus, the strength and stiffness of the soils may decrease after freezing-
thawing cycles due to the weakened inter-particle contacts (Qi et al., 2008).

For the strength characterization of the active layer at in-situ state, the field test is necessary. Since the
accessibility and temperature of arctic region is hostile, portable and rapid strength assessment device is
required. The dynamic cone penetrometer (DCP) has been generally used for the subgrade characteriza-
tion due to the lightness and quick test procedure. However, the dynamic cone penetration index (DCPI),
which represents the strength of the soils determined as the penetration depth per blow, may change due
to the energy loss. For this reason, the strain gauges and accelerometer are instrumented to estimate the
transferred energy (Byun and Lee, 2013). In addition, the instrumented dynamic cone penetrometer is ap-
plied to the active layer for the strength characterization (Byun et al., 2014). Byun et al. (2014) demon-
strated that the energy corrected resistance detected the weak layer. Note that the weak layer is significant-
ly affected by the soil particle characteristics rather than water content. Thus, in this study, specimens are
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sampled for the estimation of the particle size and distribution, and the particle characteristics are used for
the comparison with strength assessment results.

The objective of the study is to characterize the soil strength in active layer, and compare the strength
with particle size and distribution characteristics. This paper introduces particle size at 60% finer (D60)
and coefficient of uniformity (Cu) of soil samples, and describes the dynamic cone penetrometer at first.
Then, the dynamic cone penetration index (DCPI) and dynamic cone resistance results in the field are es-
timated. Finally, the evaluated strength indices are compared with the soil particle characteristics, and dis-
cussed.

2 EXPERIMENTAL SETUP

2.1 Specimens

Field for the strength assessment test in arctic region is located in Ny-Alesund, Svalbard (78°N 11°E).
Four specimens are sampled at different depths in active layer, and sieve analysis is carried out in the la-
boratory. Sieves from #4 to #200 are prepared, and the percent of passing particles in weight is measured
to determine particle size at 60% finer (D60) and coefficient of uniformity (Cu). The values of particle
size at 60% finer and coefficient of uniformity are summarized in Table 1. The particle sizes at 60% finer
are 7.7, 2.3, 3.3, and 5.1 mm, and the coefficient of uniformities are 17.2, 5.0, 5.8, and 11.1, respectively.
The coefficient of uniformity increases with an increase in the particle size at 60% finer in the specimens
used in this study.

Table 1. Particle characteristics of samples.

. Sampling depth
Properties
S-1 S-2 S-3 S-4
D60 [mm] 7.7 2.3 3.3 5.1
Cul[] 17.2 5.0 5.8 111
* D60 and Cu denote the particle size at 60% finer and coefficient of uniformity, respectively.

2.2 Dynamic cone penetrometer

For the strength assessment of the active layer in arctic regions, the instrumented dynamic cone penetrom-
eter is developed. The dynamic cone penetrometer consists of a guide, hammer, rod, and cone tip. The
apex angle of cone tip is 60 degrees, and the diameter and thickness of the rod are 20 mm and 5 mm, re-
spectively. For the dynamic cone penetration test, hammer with a weight of 117.7 N freely falls from the
height of 575 mm. Thus, the potential energy at each blow is 67.7 N-m. Strain gauges and an accelerome-
ter are incorporated at the cone tip for the estimation of transferred energy. The strain gauges are connect-
ed with a full bridge circuit to amplify the electrical signals and minimize bending and temperature ef-
fects. The accelerometer is installed at identical location with strain gauges, and measures the dynamic
response at the cone tip. By using the force and velocity signals obtained from the strain gauges and ac-
celerometer, the transferred energy can be calculated using Eqg. (1) as follows

E:JFdet (1)

where E, F, and V are transferred energy, measured force from strain gauges, and calculated velocity from
accelerometer.

The value of the calculated transferred energy is lower than the potential energy because the energy loss
occurs during dynamic penetration. The energy loss includes impulse and sound energy at the anvil, atten-
uation at the rod connections, and skin friction between the soil and rod. The calculated transferred energy
is considered for the estimation of the dynamic cone resistance.
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3 RESULTS AND ANALYSES

3.1 Dynamic cone penetration index (DCPI)

The DCPIs versus D60 and Cu are plotted in Fig. 1. The DCPI increases with an increase in D60 as
shown in Fig. 1(a), because the strength generally decreases as the particle size increases (Li and Wu,
2005; Fu et al., 2008). In addition, the DCPI increases with an increase in Cu as shown in Fig. 1(b). The
strength decreases as the coefficient of uniformity increases because the small particles may disperse the
main skeleton composed of large particles (Wang et al., 2013).
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Figure 1. Relationship between DCPI and particle characteristics: (a) D60; (b) Cu.

3.2 Dynamic cone resistance

The dynamic cone resistance versus D60 and Cu are plotted in Fig. 2. The dynamic cone resistance de-
creases with an increase in D60 and Cu because the strength generally decreases as the D60 and Cu in-

crease as shown in Fig. 1.
(a)

40

(]
=]
[¢]

N
o
(9]

R2=0.923

Dynamic cone resistance [MPa]
S
o

(b)
—40
[
o
c
[
230 .0
] o
)
)
o o,
R2 = 0.971 ™.

o
IS
< 10 °
c
>
[a]

0

0 2 4 6 8
Particle size at 60% finer [mm]

10 0 5 10 15 20
Coefficient of uniformity [

Figure 2. Relationship between dynamic cone resistance and particle characteristics: (a) D60; (b) Cu.

The coefficients of determination in dynamic cone resistance versus D60 and Cu are 0.923 and 0.971,
respectively. The coefficients of determination in dynamic cone resistance are higher than those in DCPI,
which are 0.728 and 0.755, respectively. Thus, the dynamic cone resistance considering the transferred

energy is more reliable than DCPI.
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4 SUMMARY AND CONCLUSIONS

The goal of this study is to evaluate the particle size and distribution influence on the soil strength in ac-
tive layer. The dynamic cone penetrometer incorporated with the strain gauges and accelerometer is used
for the strength assessment test in the field. The transferred energy is calculated by force and velocity sig-
nals from sensors. Furthermore, the particle size at 60% finer (D60) and coefficient of uniformity (Cu) are
estimated in the laboratory. The particle characteristics from lab test are compared to the evaluated
strength from field test. In addition, the dynamic cone resistance considering the transferred energy is
compared to the dynamic cone penetration index (DCPI). The main observations of this study are as fol-
lows:

(@) The dynamic cone penetration index increases, and dynamic cone resistance decreases as the particle
size at 60% finer and coefficient of uniformity increase. The strength generally decreases with an increase
in the particle size and coefficient of uniformity due to the small particle role in main skeleton.

(b) The coefficient of determination in dynamic cone resistance is higher than that in dynamic cone pene-
tration index. The strength assessment using dynamic cone resistance is reliable due to the consideration
of the transferred energy.
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