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1 INTRUCTION

The active layer is defined to the depth, which is sub-
jected to freezing and thawing, and thus, it is gener-
ally estimated to the depth above permafrost (Associ-
ate Committee on Geotechnical Research 1988). The 
geotechnical structure in frozen soil may be easily af-
fected by active layer and the characterization of ac-
tive layer should be investigated to enhance the 
safety.  

The experimental and numerical methods have 
been studied to detect the active layer. The experi-
mental methods include mechanical probing, soil 
temperature monitoring, visual measurement, soil 
moisture measurement, and vertical movement mon-
itoring (Byun et al. 2014). The numerical method has 
been developed to investigate the spatial characteri-
zation of active layer (Nelson et al. 2001; Oelke et al. 
2003). However, the applications of previously sug-
gested techniques are very few and thus, the Dynamic 
Cone Penetrometer (DCP) as an alternative technique 
is considered to estimate active layer in this study. 
This paper describes the selected instrument (DCP) 
and the characterizations of applied site are also ex-
plained. Finally, the active layer deduced by DCP is 
demonstrated and it is compared with that based on 
the profile of ground temperature. 

2 DYNAMIC CONE PENETROMETER 

The Dynamic Cone Penetrometer (DCP) has been 
generally applied to obtain the characterization of 

subgrade as an impacting method. The DCP consists 
of driving rod, anvil and hammer guide to enhance 
the efficiency of penetration with impact as shown in 
Figure 1. The impact is performed by a hammer with 
fixed height and force of 575mm and 78.8N, respec-
tively. The diameters of DCP and driving rod are de-
signed to 24mm and 16mm. And the apex angle of 
cone tip of DCP is 60.

Figure 1. Schematic drawing of Dynamic Cone Penetrometer 
(DCP). 

3 CHARACTERIZATION OF TESTING SITE 
The Ny-Alseund in the northwestern part of Spitsber-
gen, Svalbard, Norway (latitude 78°55’N, longitude 
11°56’E) was selected to carry out the penetration test 
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of DCP to find the active layer. In particular, the test-
ing site is located at research station Dasan, which is 
a Korean Arctic Research Base as shown in Figure 2. 

Figure 2. Photograph of testing site of DCP. The red circle de-
notes the research station Dasan. 

4 APPLICATION TEST AND RESULT 

The DCP test was performed from surface of ground 
at summer and the impacts were expired at the depth 
of 74cm due to the limitation of penetrated force. The 
penetration depth of DCP according to every blow 
was obtained and the differences between measured 
depths are plotted as shown in Figure 3. The penetra-
tion depth is recorded to 3cm at near the surface and 
the values decrease to average 0.8cm below the depth 
of 20cm. The three layers are divided through huge 
(between surface and 10cm), middle (between 10cm 
and 20cm) and constant (below 20cm) penetration 
depth. And thus, the active layer is determined to 
20cm because it is estimated to permafrost zone be-
low the depth of 20cm. Furthermore, after a depth of 
20cm, the calculated values show the asymptotic 
trend with a depth of 740cm.  

Figure 3. Result of DCP. The dotted line shows the trend line. 

The temperature of ground has been continuously 
measured by using T-type thermocouples and the 
measured values were demonstrated in Figure 4. The 
solid and dotted lines show the temperature variation 
measured by summer and winter conditions. Even 

though the measured temperature shows different 
range according to season, the temperature shows 
nearly constant below the depth of approximately 
20cm. Note that the active layer is estimated to about 
20cm because the depth is above permafrost experi-
enced by freezing and thawing.  

Figure 4. Measured temperature profiles under conditions of 
summer (2013/06/07) and winter (2013/02/24) 

5 CONCLUSION 

The active layer was investigated by using the Dy-
namic Cone Penetrometer (DCP) in Ny-Alesund, 
Svalbard, Norway. The DCP shows the active layer 
around 20cm in testing site and the active layer based 
on the temperature distribution in ground shows also 
similar values. This study denotes the DCP is an al-
ternative technique for determining active layer in 
frozen soil. 
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