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1 INTRODUCTION 

Marine clay deposits in Norway have been subjected 
to leaching by a flow of fresh water. As a result to 
this, their salt ion concentration in the pore water is 
reduced to as low as 3-5 g/l. Such clays, termed 
leached marine clays in this paper, are characterized 
using its sensitivity (St), which is the ratio between 
undrained shear strength (cu) and remoulded shear 
strength (cur). The engineering characterization of 
leached marine clays is a challenging task because 
this type of material changes character upon the 
slightest disturbance. Because of this, undrained 
shear strength, stiffness and preconsolidation stress 
is often underestimated. Hence, high quality sam-
pling is essential to get a proper understanding of the 
engineering behavior of such clays (e.g. Hvorslev, 
1949; Noorany & Seed, 1965; Berre et al., 1969; La 
Rochelle & Lefebvre, 1971; Bjerrum, 1973; Baligh 
et al., 1987; Hight et al., 1992; Lunne et al., 1997a; 

2006; Ladd & DeGroot, 2003; Long, 2006; Karlsrud 
& Hernandez-Martinez, 2013; Amundsen et al., 
2015a; 2015b).  This issue is addressed in this paper 
using the laboratory test results from two types of 
piston samplers and a Sherbrooke sampler (Lefebvre 
& Poulin, 1979). The results are compared with pie-
zocone tests and geophysical investigations. 
 
Table 1.  Summary of investigations at Rissa site. 

Date of 

work 

Description Reference and 

companies 

1974-80 Conventional investigation – de-

velopment of a new road  

NPRA* 

1978-81 Geotechnical investigation in 

connection with Rissa landslide 

that occurred in 1979 

NPRA*, NGI*, 

NTNU(NTH)*, 

SINTEF(IKU)* 

1981-90 Evaluation of slope stability near 

Lake Botn 

NGI* 

2008-10 Detailed geotechnical investiga-

tion – CPTU, sampling and haz-

ard mapping 

NGI (2009a), 

(2009b) 

2009-12 Resistivity measurements and the 

sea floor mapping of Lake Botn 

(NGU) 

L’Heureux et al. 

(2012), Solberg 

et al. (2012), 

(2014) 

2010 2D resistivity and RCPT meas-

urements (NTNU and NGU) 

Aasland (2010), 

Solberg et al. 

(2012), (2014) 

2010 Steel tube sampling, 54 mm and 

73 mm, and CPTU (NTNU) 

Kåsin (2010) 

2011 High quality CPTU tests and 54 

mm tube sampling 

Multiconsult 

AS* 

2011-12 High quality Sherbrooke block 

sampling and testing (NTNU) 

Amundsen 

(2012) 

*Several reports 

ABSTRACT: A detailed characterization of the leached marine clay at Rissa, North-West of Trondheim in 
Norway, is presented. The site lies just a few hundred meters away from the location where the well-known 
Rissa slide occurred in 1978. Geotechnical investigations were carried out in connection with the planning of 
a new road. Norwegian University of Science and Technology (NTNU) has done extensive work related to the 
geotechnical characterization of the site over several years, using 54 mm and 73 mm diameter tube sampling. 
High quality block samples were extracted using a Sherbrooke block sampler. This paper aims to characterize 
the material in view of results from block samples and study the effect of sample disturbance on the soil prop-
erties. 

Figure 1.  The Rissa site (map: www.ngu.no). 
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Figure 3. (a) Sherbrooke block sampler at NTNU, (b) schemat-

ic view of a block sample being carved, (c) waxed sample, (d) 

schematic view of a sliced sample, (e) a block sample slice and 

(f) a piece of clay from a block sample (after Amundsen et al., 

2016). 

2 GEOLOGICAL CHARACTERIZATION OF 
THE RISSA CLAY 

The Rissa site is located North-West of Trondheim 
in Norway, shown in Figure 1. The site slopes slight-
ly from Rein church to the shoreline of Lake Botn, 
which is brackish. The length of the slope is about 
200 m and the inclination is 6°. The site lies just a 
few hundred meters away from the location where 
the Rissa landslide occurred in 1978 (Gregersen, 
1981). The landscape around Lake Botn is formed 
by erosion and landslides, and is now mainly used as 
farmland. 

The groundwater flow in the upper part of slope 
is seasonal, while at the bottom the groundwater lev-
el located about one meter below the ground surface. 
The elevation of the site is 3 m above the mean sea 
level. The typical temperature at the site is 4-6°C.  

The geology of the Rissa site is shown as a geo-
logical map in Figure 1. The marine limit from the 
glacial period was elevated - at the highest to ap-
proximately 158 m above the current sea level 
(Reite, 1987). The main ice movement was directed 
northeast in this part of Norway, until the ice became 
so thin that its direction was determined by the to-
pography (Reite, 1996). At the Rissa site however, 
the ice moved to the southeast (Reite, 1996), result-
ing in large deposits of thick marine sediments on 
the uneven rock surface surrounding Lake Botn, 
shown in Figure 1. 

The Rissa site was characterized using electrical 
resistivty tomography (ERT), which produces 
resistivity profiles of the soil (see Figure 2). The 
profiles were interpreted based on the following 
classification (e.g. Solberg et al., 2011, 2014; 
Donohue et al., 2014): Unleached clay deposits: 1–
10 Ωm; Leached clay deposits, possibly quick: 10–
100 Ωm; Dry crust clay deposits and coarse 
sediments: >100Ωm.  

Geophysical investigations showed an indentation 
between two mountain ridges filled with marine clay 
deposits (15-70 m) that is covered with sand and 
gravel (1-5 m). Based on the geophysical profiles 
(Solberg et al., 2012) a sketch of underground topog-
raphy has been developed to illustrate the complexi-
ty of the site, shown in Figure 4. On the geological 

map in Figure 1, these mountains ridges are visible 
as rock outcrops. The Sherbrooke block samples 
were taken from the leached marine clay deposit, as 
indicated in Figure 2.  

3 GEOTECHNICAL INVESTIGATIONS 

The Rissa site was extensively studied between 1974 
and 2011 using a variety of investigation techniques. 
A brief summary of the geotechnical investigations 

Figure 2. Geophysical profile - Rissa site (Solberg et al., 2012). 

Figure 4. Sketch of underground topography at Rissa, based on 

geophysical profiles carried out by Solberg et al. (2012). 
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Figure 5. Geotechnical profile of Rissa site. CPTU correlations of the undrained shear strength and preconsolidation stress are 

based on work of Lunne et al. (1997b) and Sandven (1990). 

is presented in Table 1. The marked area in Figure 1, 
enclosing about 0.05 km2, was heavily investigated. 
A total of 2 soundings, 21 rotary pressure soundings, 
13 piezometers, 9 CPTU soundings, 4 RCPTU 
soundings, 11 boreholes with tube sampling (54 mm 
and 73 mm) and one borehole with five Sherbrooke 
block samples were conducted. The block samples 
were taken by the Norwegian University of Science 
and Technology (NTNU) in order to study the effect 
of sample disturbance.  

The Sherbrooke sampler, sampling process and 
the laboratory handling is illustrated in Figure 3. The 
obtained block samples had a diameter of 250 mm 
and a height of 350 mm.  

The laboratory testing at NTNU included a study 
of the effect of shear strain rate (0.1-4.5%/hr) on 
peak undrained shear strength in triaxial tests. The 
study included 18 triaxial tests. In addition, 20 con-
stant rate of strain (CRS) oedometer tests and 5 in-
cremental loading (IL) oedometer tests were carried 
out on the block samples. 

4 RESULTS 

The soil profile of the Rissa clay, Figure 5, indicates 
that the shallow upper 9 m of the deposit is covered 
by leached marine clay with the unit weight of 18-20 
kN/m3 the salt content varied between 2.0 and 9.5 
g/l.  The remoulded shear strength is between 0.2 to 
6 kPa and the sensitivity is in the range of 2 to 94. 

The test site is also underlain by lower (> 9 m) 
non-sensitive clay with silt, sand and gravel. The 

ERT geophysical investigations verifies the interpre-
tation of the layering at the site. 

Anisotropically consolidated triaxial undrained 
compression tests (CAUC) and oedometer tests were 
performed on 54 mm and 73 mm diameter tube 
samples of the Rissa clay, and the results are com-
pared with those obtained from block samples, as 
shown in Figure 6. The triaxial test results are nor-
malized with vertical effective in situ stress (σ`v0). 
The presented samples in Figure 6 were retrieved 
from a depth of 3.6 to 5.4 meters and have an esti-
mated preconsolidation stress of 94 to 103 kPa and 
an OCR of 1.8-2.2. 

The effect of sample disturbance on the stress and 
the deformation properties of Rissa clay is investi-
gated using the triaxial and odometer results. The 
quality of the samples was determined by its com-
pressibility during reconsolidation to the in situ 
stresses. Lunne et al. (1997a) proposed a sample as-
sessment criterion on a normalized change in void 
ratio, Δe/e0, where e0 is the initial void ratio. 

5 DISCUSSION 

5.1 Conventional tube versus block samples 

In the case of soft low plastic clay, such as Rissa 
clay, it was found that the block samples results in 
better quality that the tube samples, see Figure 6.  
The tests conducted on block samples yield higher 
peak undrained shear strength, stiffness and precon-
solidation stress. The reason for the discrepancies is 
a well-known tube sampler disturbance (e.g. Baligh 
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Figure 6. Typical (a)-(b) CAUC triaxial test results and (b) CRS oedometer tests results from Rissa. Figure 6. Typical (a)-(b) CAUC triaxial test results and (b) CRS oedometer tests results from Rissa. 

/σ'

et al., 1987). Block sampling avoids this type of dis-
turbance; however stress relief may become an issue 
if the sample is extracted from a great depth 
(Amundsen et al., 2016). A careful handling of the 
block sample is essential to obtain high quality re-
sults. Therefore, sealing techniques, transport and 
storage methods are important factors to consider in 
preventing sample disturbance. 

Even though the advantages of block sampling 
are well known, the conventional 54 mm diameter 
tube sampler is still used in Norway as a part of rou-
tine sampling. Block sampling is done only for se-
lected cases.  

/σ'

5.2 Strength behavior 

The normalized undrained peak shear strength 
(cu/σ'v0) obtained from CAUC triaxial test results 
were expressed by the “Stress History And Normal-
ized Soil Engineering Properties” (SHANSEP) con-
cept, developed by Ladd & Foott (1974). The con-
cept was developed to study the cu of artificially 
overconsolidated clays, but it is also useful for com-
paring cu of block samples (Karlsrud & Hernandez-
Martinez, 2013). The results in Figure 7 show that 
Rissa clay fits well between the average and upper 
limit of the proposed correlation values, which are 

Figure 7.  Normalized undrained shear strength vs. OCR from 

block samples from Rissa. Compared with SHANSEP correla-

tions (Karlsrud & Hernandez-Martinez, 2013). 

/σ'

based on empirical data from Norwegian clays 
(Karlsrud & Hernandez-Martinez, 2013). 

As in the oedometer tests, the results of a triaxial 
test depend on the strain rate. An increase in the 
strain rate generally results in an increased cu and 
brittle behavior. Lunne & Andersen (2007) showed 
that there is a factor of approximately 1.5 in the es-
timate of cu in a triaxial compression test for strain 
rates from 0.01%/hr to 100%/hr. The strain rate sen-
sitivity of a soil varies with soil type and its stress 
history. Lightly overconsolidated clays, such as the 
Rissa clay, are more sensitive to the rate of shear 
strain than highly overconsolidated clays (Ladd & 
DeGroot, 2003). Both normally consolidated and 
overconsolidated Norwegian clays (Lunne & 
Andersen, 2007)  are presented in Figure 8, with the 
test carried out on the Rissa clay. The cu is normal-
ized with a value from a test carried out with a shear 
strain rate of 4.5%/hr, after a study conducted by 
Lunne & Andersen (2007). 

A distinct increase in the shear strength with in-
creasing rate of strain is observed in Figure 8. A tri-
axial test carried out at 4.5%/hr has 20% higher 
normalized undrained shear strength than a test 
sheared with 0.1%/hr. Commonly used strain rates in 
Norway have been between 0.7% and 3.0% per hour. 

/σ'

Figure 8. Normalized undrained shear strength as a function of 

rate of shear strain in strain-controlled laboratory tests from 

Rissa and data from Lunne & Andersen (2007). 
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In practice, this has a minimal effect on the strength 
and the strain softening behavior (Thakur et al., 
2016). 

The effect of shear strain rate influences the peak 
undrained shear strength, however, based on the pre-
sented results in Figure 9; it does not influence the 
failure line or the friction angle of the Rissa clay. In 
other words, the strain softening at the laboratory 
strain levels in such material is due to shear induced 
excess pore pressure not because of the reduction in 
the cohesion or the friction angle. The concept of 
cohesion and friction softening is more applicable to 
overconsolidated clays than to soft sensitive clays at 
laboratory strain levels under undrained conditions. 
However, for very large strain levels cohesion and 
friction softening may also be observed for soft sen-
sitive clays, such as Rissa clay. This observation is 
in line with the work done by Thakur et al. (2014). 

5.3 Preconsolidation pressure  

For the block samples, oedometer tests clearly indi-
cate the preconsolidation pressure compared to the 
tube samples, see Figure 6c. The effects of sample 
disturbance is also evident in the reduction of stiff-
ness in the overconsolidated range. Some discrepan-
cies in the results are expected due to the compari-
son of samples from different depths and 
overconsolidation. However, the reduction in stiff-
ness of the 54 mm tube sample is greater than what 
one may expect.  

An incremental loading (IL with 24 hr load steps) 
oedometer test and a constant rate of strain (CRS – 
1.5%/hr) odometer test from the same block sample 
are compared in Figure 6c. The preconsolidation 
stress is 95 kPa for the CRS test and 80 kPa for the 
IL test, which corresponds to a 16% decrease. The 
preconsolidation stress from CRS oedometer tests is 
rate dependent and may result in a high preconsoli-
dation stress at high strain rates (e.g. Leroueil et al., 
1983, 1985; Nash et al., 1992). On the other hand, 
the 24hr load duration in IL tests causes creep de-
formations in the soil and therefore contributes to a 

large change in void ratio. In return, a lower precon-
solidation pressure results. 

In practice, one should consider carefully which 
material parameters one should use. An oedometer 
test conducted on a block sample may give a higher 
stiffness than a tube sample; however, it will reduce 
dramatically when the stresses exceed the preconsol-
idation. It is especially important to consider this in 
the settlement analysis. 

6 CONCLUDING REMARKS 

This paper details the characteristics and engineering 
properties of the Rissa clay, a thick deposit of 
leached marine clay in Central Norway. The soil lay-
ering interpreted using ERT is in good agreement 
with the conventional geotechnical investigations.  

Laboratory results indicate that the block sampler, 
compared with tube samplers, obtained less dis-
turbed samples. However, the 73 mm sampler can 
provide high quality results similar to those of block 
samples. Poor quality samples can provide non-
representative and even non-conservative design pa-
rameters. 

The Rissa clay is a low plastic soft clay with a 
plasticity index of 5-8%. The typical range of cu/σ'v0 
from CAUC triaxial tests conducted on block sam-
ples is between 0.49 and 0.65. From the oedometer 
CRS tests, the overconsolidation ratio was estimated 
to be from 1.99 to 2.23. 

The behavior of the Rissa clay is similar to other 
Norwegian clays regarding the effect of the rate of 
shear strain. The correlation between the undrained 
shear strength in triaxial tests and the overconsoli-
dated ratio is also as expected. 
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