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Summary 
This report contains the results of four CAUC triaxial tests, two being performed on 
block samples and two on 72 mm tube samples. The tests were all performed on plastic 
clay from Onsøy. 
 
The purpose with the block samples was to see if there is any significant improvement 
in sample quality whether the sample is mounted into the triaxial in the field compared 
to when it is transported to the laboratory and mounted into the triaxial cell several days 
later. However, no improvement was observed in sample quality for the test on the 
sample being mounted in the field. 
 
One of the two tube samples was sampled with the ordinary NGI 72 mm piston sampler, 
but the sample tube was smeared on the inside and the outside with a low friction 
polymer. However, again, no improvement in sample quality.  
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The other tube (72 mm) sample was sampled with a new piston sampler for a remote 
operated drilling system (Santos et al, 2015). However, during removal of the sample 
tube from the sampler a suction was created that spoiled the sample so no conclusion 
can be drawn regarding this sampler in this case. 
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1 Introduction 
Laboratory tests on undisturbed clay samples reported by Bjerrum (1973), La Rochelle 
et al. (1976), Amundsen and Thakur (2017) show that strength and stiffness tend to 
decrease with increasing storage time (storage time being the length of the time period 
from sampling in the field until testing in the laboratory.) The tendency for decrease in 
strength and stiffness seems to increase with decreasing plasticity.  

On 13. January 2017 Jean-Sebastian L'Heureux wrote a mail where he referred to the 
following NGI reports:  

20130672-01-R – NIFS – N-6.4.3 – Effekt av lagringstid på prøvekvalitet  
20140382-01 R - NIFS – N.6.4.4 Effekt av lagringstid på prøvekvalitet: Studie av 54 
mm prøver fra Onsøy. 

These reports showed relatively small change in properties due to storage time for the 
Onsøy clay. However, in the same mail he also reports about cases within SP8 in 2016 
where an increase was found in strength for block samples compared to strength for 72 
mm tube samples of 10-50 %, also in cases where the difference in the ∆e/ei-value is 
relatively small. 

2 Sampling 
An overview of the various borings made in the Onsøy test area north of Panco road 22 
in the years 2009 to 2017 is given in Figure 1. The tests described in the present report 
were performed on block and tube samples taken in May 2017. 

2.1 Block samples 

The block samples were taken from boring Block 6 from the following depths: 

Block sample 1: Depth 2.34 – 2.74 m  Sample length: 40 cm 
Block sample 2: Depth 2.74 – 3.14 m  Sample length: 40 cm 
Block sample 3: Depth 4.74 – 5.14 m  Sample length: 40 cm 
Block sample 4: Depth 5.09 – 5.44 m  Sample length: 35 cm 
Block sample 5: Depth 5.49 – 5.84 m Sample length: 35 cm 

The block samples were, except for the uppermost 2.3 m, and in the depth interval from 
3.14 to 4.74, taken continuously all the way from the top. The "gaps" between the block 
samples listed above come from samples that were discarded.  

Immediately after retrieval of block sample No. 4 the top 4 cm of the sample was cut 
away and discarded. The next 17 cm (i.e. floor A), was divided into two equal pieces, 
one of those was divided into two new equal pieces, one piece being trimmed to a 
diameter of about 72 mm and a height of about 141 mm and mounted into a triaxial cell. 
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The piston through the top of the cell, with no load on top of it, was then brought into 
contact with the top cap (sitting on the top of the specimen.) and locked in this position. 
The cell was then filled with water and a cell pressure of about 20 kPa applied when the 
cell was still close to the borehole. The cell was now brought to the soil laboratory at 
NGI in about 2 hours. No suction was applied to the filter disks at this stage.  

The initial negative pore pressure in the specimen, before applying any cell pressure, is 
believed to be about 10 kPa. After application of a cell pressure of 20 kPa the effective 
stresses on the specimen should gradually increase from about 10 to about 20 kPa. 

The remaining parts of block sample 4, together with block samples 1, 2 and 3 were then 
sealed in clingfilm and aluminium foil and placed in plastic containers in the usual way 
and brought to NGI the same evening as block sample 4 was brought to NGI. Block 
sample 5 was sampled, sealed and brought to NGI the next day. 

2.2 Tube samples 

None of the tube samples were mounted into the triaxial cell in the field. The purpose 
with these samples was to try new equipment and procedures for tube sampling. The 
sample tubes had no inside clearance. The angle of the cutting edge was about 5 degrees 
and the wall thickness close to the cutting edge was up to about 0.3 mm.  

72 mm tube samples, from borehole BH72-08gammel, and BH72-08ny, were taken 
close to boring Block 6 (the one with the block samples) see Figure 1. One tube was 
taken from each of these holes from depth 5.0 to 5.8 m, i.e. about the same depth as 
block sample No. 4.  

The tube from hole BH72-08gammel was smeared on the inside and the outside with a 
low friction polymer. The sample from hole BH72-08ny was taken with a new piston 
sampler for a remote operating drilling system as described by Santos et al (2015) who 
also give test results obtained with this samples. The main advantages with this sampler 
compared to the traditional fixed piston samplers are as follows:  

1) The use of an inner rod to control the position of the piston is avoided.
2) The cutting of the sample during the sampling operation can be done very fast

without the risk of compressing the sample due to overdriving.

However, during removal of the sample tube from the sampler a suction was created that 
disturbed the sample substantionally. 

3 Testing procedures 
The CAUC triaxial tests were performed as follows: 

No paper filter side drains were used. 
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The filter disks were flushed with salt water at a cell pressure of 20 kPa and no 
load (i.e. no load on hanger) on top of the piston. 
The next day the cell pressure was increased so that the effective horizontal stress 
became equal to σHO', then the deviator load was increased in about 6 steps so 
that the effective vertical stress became equal to σvo'. 
The next day a back pressure equal to 294 kPa was applied. 
After another day the B-value was measured and undrained shearing started with 
a rate of vertical strain equal to 0.7 % pr. hour. 

4 Test results on plastic clay from Onsøy 

4.1 General 

The test results are given in Table 1 and in Figures 1 to 5. 

Colums 2, 3 and 4 in Table 1 give "boring No.", "sample No." and "part No." 
respectively. For block samples, the letter in "part No." gives the "floor" from which the 
triaxial test specimen is trimmed. "Floor A" is the top floor. Each "floor" is devided 
into four equal quadrants and numbered from 1 to 4. The test numbers, the "old ones" 
given in column 5, start with T1 for the very first triaxial test specimen from the block 
sample and continues until the very last specimen from the same block sample. The 
"new" test numbers in column 1, continue from block sample to block sample, i.e. they 
are not set equal to 1 for each new block sample. 

4.2 Effect of length of storage time for a block sample 

Test No. 40x (1. Line in Table 1) was performed on a specimen that was mounted in to 
the triaxial cell in the field so that the storage time (i.e. time period from sampling the 
field until mounting the specimen into the triaxial cell) became only about 1 hour. The 
companion test, is the one with test No. 41x, and storage time 168 hours, 2. line in Table 
1. The undrained shear strength for the test with short storage time is seen to be 17.6 kPa
while the strength for the test with long storage time is slightly higher, i.e. 18.0 kPa. This 
is opposite of what was found by Bjerrum (1973), La Rochelle et al. (1976) and 
Amundsen and Thakur (2017) who all found that tests on specimens with short storage 
time gave significantly higher strength than tests with longer storage time. A possible 
reason for this may be that the tests reported in this report were performed on specimens 
with significantly higher plasticity index. 

4.3 Effect of coating the sample tube with a low friction 
polymer 

Test No. 42x (3. Line in Table 1) was performed on a 72 mm tube sample where the 
sample cylinder had been coated with a low friction polymer both on the inside and on 
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the outside. However, in spite of that the specimen for this test was taken at slightly 
higher depth than the specimen from the block sample, the strength is about 20 % lower 
than for the block samples. The strength is also about 8 % lower than for an ordinary 
tube sample from this place. 
 
A comparison of the stress-strain curves in Figure 2 (block sample, test T40x) with the 
stress-strain curve in Fig. 6 (tube sample, test T42x with polymer) show that test T42x 
is a typically disturbed specimen, the shear stress at very low strains (e.g. 0,5-1.0 % axial 
strain) being considerably lower than for the block sample and significantly higher than 
for the block sample at large strains (e.g. at about 10 % axial strain). If the low strain 
shear strength for T42x is corrected for sample disturbance as suggested by Berre et al 
(2007), the shear strength will increase from 14.4 to 15.5 kPa. However, if a 3:1 line is 
used up from the consolidation stresses instead of a vertical line, the corrected shear 
strength will be 17.1 kPa, but Berre et al (2007) recommend to use a vertical line if 
OCR≤2 (In this case OCR is equal to about 1.5 for block samples). The value for the test 
on the block sample (T40x) is 17.6 kPa. 
 
If the shear stress at 10 % axial strain for T42x is corrected by the large strain correction 
suggested by Berre et al (2007), the shear stress at 10 % axial strain will decrease from 
11.4 to about 9.90 kPa, the value for the block sample being 9.2 kPa, so in this case the 
large strain correction appear to be better than the small strain one. 
 
4.4 Experience with a new piston sampler for a remote drilling 

system 

This sampler is described by Santos et al. (2015) who also give test results obtained with 
this sampler. Test results obtained with this sampler are also given by Lunne and Kåsin 
(2013). A comparison of test results obtained with this sampler with tests on block 
samples appear to be quite promising. However, the sampling in Onsøy described in the 
present report for the new sampler was not successful because an unexpected suction 
was created when removing the piston from the top of the sample tube. This suction 
disturbed the sample significantly. There was also an accident during the testing in the 
laboratory, therefore no results are given in Table 1 for this test. 
 
 
5 Recommendations for further work  

5.1 Mounting of block samples in the field 

The fact that the strength was slightly lower for the specimen mounted in the field 
compared to the one mounted later in the laboratory indicate that these tests perhaps 
should be repeated, since this is opposite of what was expected, Carrying the triaxial cell 
with the specimen mounted in it from the borehole to the place where the transportation 
car was parked might have given some disturbance of the specimen, which might have 
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been avoided if the whole block had been carried to the place where the car was parked  
before doing the mounting operation. 
 
5.2 Tube samples 

A modified version of the new piston sampler where the piston can be removed from the 
top of the sample tube without creating any suction, should be tried as soon as possible. 
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7 List of symbols 
CAUC triaxial test on a specimen consolidated anisotropically to the in situ 

effective stresses and then sheared undrained in compression 

Di  initial diameter of specimen 

Δe/ei  change in pore volume relative to the initial pore volume when 
consolidating a specimen to the in situ (i.e. present) effective stresses 

Hi  initial height of specimen 

OCR ratio between apparent preconsolidation stress and in situ effective vertical 
stress 

σvo’ vertical effective stress in situ (present vertical stress in the ground) 

σho’ horizontal effective stress in situ (present horizontal stress in the ground) 

wi initial water content of specimen 

wf final water content of specimen 

ɛa  axial strain 

ɛac axial strain at end of consolidation to σvo' 

έa rate of axial strain 

ɛvol  volumetric strain 

ɛol.c  volumetric strain at end of consolidation to σvo' 

σa  axial total stress 

σa' axial effective stress 

σac' value of σa' at end of consolidation to σvo' 

σr radial total stress 

σr' radial effective stress 

σrc' value of σr' at end of consolidation to σvo' 

ρs density of solid particles 

su undrained shear strength 

(su)r undrained shear strength of remoulded material 

Sri initial degree of water saturation of specimen 

u excess pore pressure during undrained shearing 
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Table 1 Testing procedures and results of triaxial tests on Onsøy clay 
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 4 A1 T1 Block 5.22 36.9 CAUC 141.7 71.6 64.5 98.0 2.784 23.5 37.0 22.2 0.63 0.76 0.012 1 1.5 1 0.70 17.6 0.48 31.5 8.2 0.42 

T41x Block 6 4 A2 T2 Block 5.22 36.9 CAUC 141.2 71.7 66.0 98.4 2.784 23.5 37.0 22.2 0.66 0.51 0.008 1 1.5 168 0.70 18.0 0.49 31.7 8.5 0.60 

T42x BH72-
08gammel 1 - - Tube  

72 mm 5.40 38.0 CAUC 140.9 72.0 65.9 99.8 2.784 23.5 38.2 23.0 1.42 2.60 0.04 2 1.5 >24 0.70 14.4 0.38 27.8 9.6 0.95 

T43x BH72-08ny 1 - - Tube 
72 mm Not calculated, sample quality too bad due to accidents in the field and later in the laboratory. 
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