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1 INTRODUCTION 

Electrical piezocone penetration test (CPTU) has be-
come widely used for soil investigations. However, 
in-situ undrained shear strength su of clay cannot be 
determined directly from its results. Empirical ap-
proaches for interpretation of su from CPTU results 
have been reported using cone factor Nkt, corrected 
cone resistance qt and overburden pressure in total 
stress v (Aas et al. 1986; La Rochelle et al. 1988; 
Rad & Lunne 1988; Powell & Quarterman 1988; 
Tanaka & Tanaka 2004; Fukasawa & Kusakabe 
2005).  

The authors have carried out a series of general 
site investigations such as undisturbed sampling, 
CPTUs and field vane shear tests on cohesive soils 
at Onsøy in Norway, Louiseville in eastern Canada 
and Mexico City. This paper describes engineering 
properties of three sensitive clays and cone factors 
computed from the data of field vane shear tests, di-
rect shear tests and unconfined compression tests us-
ing the undisturbed samples. 
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ABSTRACT: Site investigations such as electrical piezocone penetration test, field vane shear test and undis-
turbed soil sampling were carried out at Onsøy in Norway, Louiseville in eastern Canada and Mexico City. 
Push-in typed vane with protective casing was used to conduct field vane shear tests so that rod friction was 
minimized and influence of stress release caused by predrilling was discounted. All undisturbed samples were 
taken by Japanese type sampler with fixed piston to remove technical effects of the local sampling method. 
Subsequently, laboratory tests including physical properties tests, direct shear tests and unconfined compres-
sion tests were carried out using the undisturbed samples. In this paper, engineering properties of three clays 
are presented and cone factor obtained from each shear test are compared. Correlation of cone factor with 
plasticity index is also explained. 

 

 
 

minimize the friction between torque rods and outer 
rods. The dimensions of the vane blade are 20 mm in 
width, 80 mm in height and 1.5 mm in thickness. In 
order to minimize the effect of disturbance caused 
by penetration of the vane, after the vane attached to 
the bottom of rods is penetrated into the ground up 
to 250 mm above a depth of testing, the vane blade 
is pushed out from the protective shoe to carry out 
testing. Torque is applied to the vane through torque 
rods from the ground surface at a constant rotation 
rate of 0.1 deg/s in accordance with Japanese Ge-
otechnical Society Standards JGS1411: Method for 
field vane shear test. 

2.2 Direct shear test 

The dimensions of the cylindrical specimen for di-
rect shear test (DST) are 60 mm in diameter and 20 
mm in height. Recompression method is adopted to 
obtain in-situ undrained shear strength su(DST). The 
specimen is consolidated under the effective over-
burden stress until end of primary consolidation is 
confirmed. After completion of consolidation, it is 
sheared at a displacement ratio of 0.25 mm/min, un-
der constant volume condition during shearing peri-
od, in order to achieve undrained shear condition, in 
accordance with JGS 0560: Method for consolidated 
constant volume direct box shear test on soils. 
 
 
 

 

2 TESTING PROCEDURE 

2.1 Field vane shear test 

Push-in type filed vane shear test (FVT) apparatus 
which consists of a rectangular vane blade, protec-
tive shoe, sleeved torque rods, and outer rods was 
used to obtain field vane shear strength sfv at each 
location. Centre sustainment supports are attached to 
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2.3 Unconfined compression test 

The dimensions of the cylindrical specimen for un-
confined compression test (UCT) are 35 mm in di-
ameter and 80 mm in height. The specimen is com-
pressed at a strain rate of 1 %/min. Undrained shear 
strength su obtained from UCT is defined as a half of 
the unconfined compression strength: ⁄                  (1) 

where su = undrained shear strength; and qu = uncon-
fined compression strength. 

3 RESULTS OF SITE INVESTIGATION 

3.1 Onsøy 

The site is located at about 100 km southeast side 
from Oslo in Norway, where Norwegian Geotech-
nical Institute (NGI) has carried out a series of soil 
investigations (Bjerrum 1954; Lunne et al. 2003). 
Onsøy clay is marine clay deposited during the post-
glacial period, and consists of thick and homogene-
ous very soft soils. Figure 1 shows the results of soil 
property tests, CPTU, FVTs, DSTs and UCTs at the 
Onsøy site. At depths of 7 m to 15 m, values of liq-
uid limits wL are relatively constant ranging from 76 
to 88% and show a tendency of increasing with the 
depth, meanwhile values of wL decrease with in-

creasing depth at depths greater than 15 m. The val-
ues of plasticity index Ip range from 47 to 62. The 
values of soil grain density s range from 2.76 to 
2.79, which are larger than the values of marine co-
hesive soils investigated in Japan. At depths between 
10 m and 15 m, a change of tendency on increment 
of su is observed for each test. 

 

3.2 Louiseville 

The site is located halfway between Montreal and 
Québec in east Canada, on the north shore of the St. 
Lawrence River, where studies were conducted by 
Université Laval from the late 70s to the late 90s 
(Leroueil et al. 2003). Louiseville clay is marine 
clay deposited during the postglacial period and con-
sists of thick and homogeneous sediments. Figure 2 
shows the results of soil property tests, CPTU, 
FVTs, DSTs and UCTs at the Louiseville site. Val-
ues of wL are relatively constant ranging from 65 to 
80%. Values of natural water content wn drop from 
85% at 3 m depth, to 63% at 20 m depth and are 
very close to the value of wL. The values of Ip range 
from 45 to 62. The values of s range from 2.76 to 
2.82, which are larger than the values of marine co-
hesive soils investigated in Japan. Below the depth 
of 10 m, values of su obtained from UCT are about 
30% smaller than those from FVT and DST. 

 
 
 

 
Figure 1.  Profiles of engineering properties at Onsøy 
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Figure 2.  Profiles of engineering properties at Louiseville 

 
 

 
Figure 3.  Profiles of engineering properties at Mexico 

 
 

3.3 Mexico 

The site is located at the urban district of Mexico 
City. Mexico City clay composed of volcanic and 
lacustrine sediments was deposited in a lake which 
has been desiccated progressively over the last 400 
years. Figure 3 shows the results of soil property 
tests, CPTU, FVTs, DSTs and UCTs at the Mexico 
site. Fill material was encountered from ground sur-

face to about 5m depth. Values of wL ranging from 
430 to 630% are generally similar to the values of wn 
encountered above depth of 7m. Below this depth wL 
ranging from 175 to 474% exceeds wn by about 
50%. wL and wn vary considerably with depth. The 
values of Ip range from 145 to 564. The values of s 
range from 2.51 to 2.81. s values below 16 m depth 
are quite smaller than the values of marine cohesive 
soils investigated in Japan. 
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4 DISCUSSION 

4.1 Cone factor 

The cone factor Nkt is required to estimate su of clay 
from the results of CPTU. The shear strength of the 
soils in undrained condition and Nkt are empirically 
correlated by the following equation: − ⁄              (2) 

where su = undrained shear strength from CPTU; qt 

= corrected cone resistance; v = overburden pres-
sure, in total stress; and Nkt = cone factor. 

Figure 4 shows cone factors obtained from FVT, 
DST and UCT. For Onsøy clay the values of Nkt 
from FVT, DST and UCT are 12.7, 11.3 and 13.2, 
respectively. The values of Nkt for Louiseville clay 

 
 

 
Figure 4.  Cone factors 
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Figure 5.  Relationships between sfv, su(DST), qu/2 and qt- v 

 
 
are 12.2, 11.0 and 12.5, respectively.  The values of 
Nkt for Mexico clay are 11.6, 10.6 and 12.4, respec-
tively. These results indicate that the values of Nkt 
depend on the method for determination of su. Ac-
cordingly, it is suggested that adopted test method 
for obtaining su to calculate Nkt should be made 
clear, considering the strength anisotropy and the 
rate effect. 

Figure 5 shows a comparison between the data of 
three sites and the data of Holocene clays in Japan 
and South East Asia by Fukasawa & Kusakabe 
(2005). Data of Nkt obtained from Onsøy, Louise-
ville and Mexico clay correlate well with the result 
of Japanese and South East Asian clays. In addition, 
Nkt values are also plotted in the range of one stand-
ard deviation from the mean value. It appears that 
regional characteristics cannot be found on Nkt. 

4.2 Nkt – Ip relationships 

Relationships between Nkt and Ip are shown in Fig-
ure 6. Regardless of variations per region and sedi-
mental condition, the values of Nkt measured on 
these three sites are not influenced by Ip in the same 
way as experimental results of La Rochelle et al. 
(1988), Tanaka & Tanaka (2004) and Fukasawa & 
Kusakabe (2005), contrary to the results of Aas et al. 
(1986) and Powell & Quarterman (1988). 

In former times, it was said that the value of Nkt is 
dependent of Ip. This is probably due to the reliabil-
ity of the sampling procedure and results of labora-
tory and in-situ tests for lean clay. Hence, the values 
of Nkt based on results using the latest techniques 
could be constant without regard to the change of Ip. 
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Figure 6.  Nkt – Ip relationships 

 

 

5 CONCLUSION 

The studies on cone factors of three sensitive clays 
at Onsøy, Louiseville and Mexico were carried out. 
The conclusions of this investigation are as follows: 
1. The value of the cone factor Nkt of Onsøy, 

Louiseville and Mexico clays is approximately 
12 and correlate well with the value obtained 
from Holocene clays in Japan and South East 
Asia. 

2. The values of Nkt are not influenced by variation 
of the plasticity index of clay. 

3. The adopted test method for obtaining undrained 
shear strength to calculate Nkt should be made 
clear. 
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