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a b s t r a c t

The undrained shear strength (su) of fine-grained soils that can be measured in situ and in laboratory is
one of the key geotechnical parameters. The unconfined compression test (UCT) is widely used in lab-
oratory to measure this parameter due to its simplicity; however, it is severely affected by sample
disturbance. The vane shear test (VST) technique that is less sensitive to sample disturbance involves a
correction factor against the soil plasticity, commonly known as the Bjerrum’s correction factor, m. This
study aims to reevaluate the Bjerrum’s correction factor in consideration of a different approach and a
relatively new method of testing. Atterberg limits test, miniature VST, and reverse extrusion test (RET)
were conducted on 120 remolded samples. The effect of soil plasticity on undrained shear strength was
examined using the liquidity index instead of Bjerrum’s correction factor. In comparison with the result
obatined using the Bjerrum’s correction factor, the undrained shear strength was better represented
when su values were correlated with the liquidity index. The results were validated by the RET, which
was proven to take into account soil plasticity with a reliable degree of accuracy. This study also shows
that the RET has strong promise as a new tool for testing undrained shear strength of fine-grained soils.
� 2015 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences. Production and hosting by

Elsevier B.V. All rights reserved.
1. Introduction

The shear strength of fine-grained soils generally can be divided
into two parts as drained and undrained shear strengths depending
on whether the pore water pressure dissipates or not. In situ shear
strength of soils is recorded almost unexceptionally in undrained
conditions. There are other cases such as the short-term stability
analysis of slopes requiring the undrained shear strength.

The most common tool used to measure the in situ undrained
shear strength is the field vane shear test (VSTF). The laboratory
techniques for this test briefly include the unconsolidated-
undrained test (UUT), unconfined compression test (UCT), direct
shear test (DST) and vane shear test (VSTL).

The VST technique was originally developed by the British Army
to measure the cohesion of clay sediments, which is the shear
strength in certain special cases (Skempton,1949; Boyce,1983). The
laboratory version of VST, or the miniature VST, may be used to
li).
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obtain the undrained shear strength of fine-grained soils. The test
provides a rapid determination method for the shear strength of
undisturbed, remolded and reconstituted soils. It is recommended
for use on soils with undrained shear strength less than 100 kPa
(ASTM D4648�00, 2000). Essentially, the miniature VST is capable
of measuring undrained shear strength of soils from a few kPa to
about 100 kPa, which roughly represents the plastic range for most
fine-grained soils.

Sample disturbance is one of the most important factors influ-
encing the undrained shear strength of fine-grained soils measured
by laboratory techniques. The UCT is one of the most common tools
used to determine the undrained shear strength of soils. The un-
drained shear strength determined in this way is highly sensitive to
disturbance caused by the sampling process, compared to other
means such as consolidation or triaxial tests (Tanaka et al., 1992;
Lacasse et al., 1994; Tanaka, 1994). Based on the conclusion that
the undrained shear strength obtained fromVSTL is nearly the same
as that from VSTF, Tanaka (1994) showed that the vane shear
strength is not significantly influenced by the mechanical distur-
bance caused by sampling, release of overburden pressure, or in-
crease in the confining pressure when the vane is inserted. This
important conclusion can be considered as the basis of the VST’s
superiority over the UCT, and thus the underestimation of un-
drained shear strength caused by the sample disturbance during
the UCT can be prevented.
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Various researchers have pointed out that the undrained shear
strength determined by the VST is influenced by various factors,
such as over-consolidation ratio (OCR) (e.g. Jamiolkowski et al.,
1985), pre-consolidation pressure (e.g. Skempton, 1957; Larsson,
1980), and particularly the soil plasticity.

Skempton (1957) found that the ratio of undrained shear
strength to vertical effective stress of normally consolidated clays is
a linear function of the plasticity index for the VST:

su
s0v

¼ 0:11þ 0:0037PI (1)

where su is the undrained shear strength, s0v is the vertical effective
stress, and PI is the plasticity index. Watson et al. (2000) examined
factors such as rotation rate and waiting time that may influence
VST results. They also introduced a new form of ‘helical’ VST in
which the standard vane apparatus is continuously rotated during
penetration into the soil sample, resulting in a complete profile of
soil strength.

Bjerrum (1954) stated that the normally consolidated Norwe-
gian clays show a linear increase in undrained shear strength with
depth, which can be expressed by a constant ratio of shear strength
to effective overburden pressure. If this ratio is determined for
various clays, a close correlation can be found between the ratio
and the plasticity index.

Bjerrum (1973) proposed a correction factor m (Fig. 1) for shear
strength obtained from the VSTF, based onmany failure cases. In his
proposal, as the effects of anisotropy and strain rate on the shear
strength were considered, the factor m can be determined from the
plasticity index. This correction factor is still in use to date.

Tanaka (1994) stated that the shear strength modified by Bjer-
rum’s correction factor is considerably conservative for Japanese
marine clay, in comparison with the unconfined compressive
strength. In this regard, Dolinar (2010) pointed out that the
normalized undrained shear strength can be correlated with the
plasticity index (PI) for non-swelling clays, while in swelling clays,
the plasticity index does not influence the undrained shear
strength of normally consolidated soils. Thus, there is no uniform
criterion to determine the normalized undrained shear strength
from the plasticity index for all fine-grained soils. Kayabali and
Tufenkci (2010) stated that, although the VSTL provides a reason-
able undrained shear strength value at the plastic limit (PL), it
overestimates the undrained shear strength at the liquid limit (LL).
They recommended that care should be taken when the laboratory
VST is used to determine the undrained shear strength at water
contents near the liquid limit.
Fig. 1. Bjerrum’s correction factor with respect to plasticity index (Bjerrum, 1973).
In an attempt to compare natural plastic clays to remolded
ones, Graham and Li (1985) examined how the general concepts
of soil behavior developed from remolded samples can be applied
to samples of a complex, natural clay. They found that, in terms of
stressestrain behavior, strengths and yielding, the natural and
one-dimensionally consolidated remolded samples of Winnipeg
clay show similar though not identical results. In this investiga-
tion, we consider this conclusion and the similarity between the
undrained shear strengths obtained from VSTL and VSTF on
remolded fine-grained soils as noted by Tanaka (1994), the re-
sults of which are intended to be applied to fine-grained natural
soils.

Kayabali and Ozdemir (2013) proposed the reverse extrusion
test (RET) as an alternative to the UCT. By applying this technique
on 60 remolded and 75 natural soil samples, they showed that the
RET yields a consistent ratio of 14e15 for the extrusion pressure
over the unconfined compressive strength. They stated that the RET
is likely to eliminate the difficulties involved in the testing of soft to
very soft soils, as well as the strength anisotropy for fissured soils
using the conventional UCT owing to the confinement provided by
the testing apparatus. In conclusion, they pointed out that the RET
can better represent the undrained shear strength of soil than the
UCT, and that the results may be improved further by taking into
account soil plasticity.

The scope of this investigation is to revisit Bjerrum’s correction
factor in assessing the effect of soil plasticity on the undrained
shear strength of fine-grained soils by using a different approach, as
well as employing a relatively recent technique to validate the use
of the proposed alternative.

2. Materials and methods

The soil samples used in this investigation include remolded soil
samples brought from different regions of Turkey to the university
laboratory. All samples are oven-dried, pulverized and sieved
through a #40 mesh.

The first tool used to assess the undrained shear strength of
remolded fine-grained soils is the laboratory miniature vane shear
device which is a Wykeham Farrance model WF2350. Regarding
test standards, the guidelines of the ASTM D4648�00 (2000) are
followed. The starting water content for the remolded samples to
be tested using the VSTL is somewhat smaller than the liquid limit.
The soil sample is wetted at this water content and mixed homo-
geneously prior to shearing. The next test is carried out by adding
small amount of dry soil sample to the previous wet mixture and
the new sample is remixed presumably at slightly lower water
content. The VSTL has four torque springs for different levels of soil
stiffness. The appropriate spring is selected for each test so that
shear failure will occur between 20� and 90� of sample rotation.
The test is repeated 10 times for each soil sample at different water
contents. A plot showing the relationship between undrained shear
strength (su) and water content (w) obtained from the VSTL is
presented in Fig. 2 for sample No. 12.

The second tool used in the investigation is the reverse extru-
sion device whose principle was first introduced by Whyte (1982).
Whilemore details can be found in Kayabali and Tufenkci (2010) for
this new test in soil mechanics, a brief summary is presented here
for convenience. The container has an inner diameter of 38 mm.
The top cap is removable for sample extraction after the test is
finished. The rammer has a die orifice of 6 mm, which controls the
plastic failure of the sample. There is a small clearance between the
rammer and the container to prevent metal friction between parts.
A general view for this simple setup is shown in Fig. 3. The ho-
mogeneous wet mixture of remolded soil is placed in the container
and tapped gently with the rammer. The height of sample inside



Fig. 3. The main components of the RET apparatus.
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Fig. 4. Relationship between extrusion force and rammer displacement obtained from
the RET.
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Fig. 5. Semi-logarithmic relationship between extrusion pressure at failure and water
content.
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Fig. 2. Relationship between undrained shear strength and water content obtained
from the miniature VST.
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container is usually kept around 5 cm. The container is placed into a
load frame and steady compression is applied. A loading rate of
1 mm/min is usually preferred. The operator watches the display of
the compression machine and records the force at certain time
interval. As the loading progresses, the sample inside the container
is compressed and the compressive force continually increases.
When the plastic failure occurs, the soil extrudes from the die
orifice and the compressive force is kept constant. A plot showing
the relationship between extrusion force (FE) and rammer
displacement (d) obtained from the RET at different water contents
of soils is illustrated in Fig. 4 for sample No. 12. Data pairs of
extrusion pressure at failure and the corresponding water content
are plotted in Fig. 5. The reader may notice the difference between
the horizontal axes of Figs. 2 and 5 for sample No. 12. The water
content in the latter one does not extend down to liquid limit. It is
attributed to the character of the RET, which becomes very difficult
to conduct when the water content is high, particularly when the
liquidity index is greater than 0.5.

The liquid limit tests are performed in accordance with the BS
1377 (1990). At least 5 levels of water contents are tried in order
to catch the best match between data points and the fitting curve.
The plastic limit tests are run following the guidelines of ASTM
D427�98 (1998). Five to ten trials are employed per soil sample;
afterwards, the mean value is taken by dropping the recorded
highest and lowest plastic limit values.
3. Experimental results

The results of Atterberg limits tests on 120 samples using the
fall-cone and bead-rolling with the rolling plate method are pre-
sented in Table 1. As stated earlier, the VSTs are conducted at 10
levels of water contents. The evaluation of the VST results in the
form of a graphical plot provides the best relationships when both
the axes are linear. It is found that the best empirical form for the
dependent variable of undrained shear strength (su, in kPa) in terms
of water content (w, in %) is as follows:

su ¼ ae�bw (2)

where a and b are the fitting coefficients.
Presentation of all VST data in terms of water content and un-

drained shear strength is not practical owing to space limitations.
Therefore, the results of VSTs are provided in terms of coefficients a
and b for each soil sample as listed in Table 1. Excluding a few soil
samples, the regression coefficients (R2) between water content
and undrained shear strength are all greater than 0.95 (Table 1).

In order to examine the effect of soil plasticity on undrained
shear strength obtained from the VST method, three different ap-
proaches are examined: (i) su as a function of water content and the
plasticity index (PI); (ii) su as a function of water content and
Bjerrum’s correction factor, m; (iii) su as a function of liquidity index
(LI) only.



Table 1
The results of Atterberg limits test, VST and RET.

No. LL PL aVST bVST R2VST aRET 1/bRET R2RET No. LL PL aVST bVST R2VST aRET 1/bRET R2RET

1 68 29 397 0.043 0.987 5.19 16.7 0.995 61 62 39 312 0.043 0.979 6 12.2 0.999
2 60 24 256 0.043 0.985 5.04 15.4 0.992 62 84 27 596 0.048 0.985 4.79 17.2 0.983
3 63 30 616 0.063 0.962 5.48 15 0.997 63 88 34 259 0.037 0.978 4.48 24 0.987
4 60 26 608 0.065 0.991 5.3 13.8 0.998 64 87 41 494 0.04 0.986 5.3 21 0.999
5 75 33 406 0.043 0.975 5.37 17.6 0.998 65 75 40 1033 0.061 0.935 5.7 17.1 0.998
6 74 32 545 0.048 0.962 5.11 17.3 0.997 66 67 41 828 0.056 0.994 5.9 15.2 0.994
7 81 34 387 0.044 0.984 5.1 21 0.996 67 67 35 353 0.035 0.971 5 18 0.993
8 61 30 406 0.055 0.988 5.32 14.4 0.999 68 58 36 594 0.055 0.968 6.78 9.5 0.992
9 78 33 618 0.046 0.918 5.35 16.6 0.996 69 61 31 976 0.06 0.977 5.68 13.4 0.999
10 77 33 325 0.041 0.971 5.08 19.8 0.993 70 67 27 619 0.056 0.982 5.11 15.3 0.987
11 53 30 853 0.064 0.96 5.78 11.5 0.993 71 64 30 620 0.048 0.973 5.29 15 0.997
12 61 24 505 0.045 0.993 4.85 14.5 0.998 72 67 30 413 0.046 0.993 5.2 15.8 0.993
13 72 27 281 0.042 0.971 4.8 17.8 0.993 73 74 31 367 0.039 0.972 4.97 19.5 0.986
14 73 40 829 0.046 0.913 6 16 0.995 74 58 34 474 0.053 0.987 5.95 12.5 0.998
15 68 39 998 0.06 0.988 6 15 0.995 75 70 28 378 0.042 0.984 4.85 18.4 0.99
16 63 41 748 0.052 0.942 6.05 14.9 0.998 76 55 33 717 0.063 0.994 5.79 13.2 0.999
17 59 30 775 0.064 0.991 5 16.2 0.995 77 79 32 634 0.047 0.964 4.78 19.8 0.984
18 56 33 541 0.06 0.949 6.07 11.3 0.996 78 67 31 443 0.044 0.981 5.09 16.8 0.993
19 55 31 559 0.064 0.984 5.9 11.3 0.997 79 70 40 676 0.056 0.994 5.36 18 0.999
20 55 25 556 0.058 0.983 5 15 0.995 80 59 28 364 0.049 0.994 5.11 15.7 0.99
21 52 25 502 0.064 0.989 5.37 12.3 0.998 81 64 34 778 0.058 0.995 5.7 14.5 0.998
22 63 30 562 0.062 0.943 5.22 15.3 0.995 82 72 29 328 0.038 0.967 4.7 20.8 0.987
23 63 29 437 0.044 0.983 5.3 15 0.989 83 74 30 524 0.046 0.981 4.9 19.6 0.994
24 46 26 790 0.081 0.95 6.11 9.5 0.998 84 54 25 417 0.053 0.982 5.04 14.4 0.987
25 69 27 393 0.05 0.947 5.07 16.6 0.993 85 65 28 484 0.056 0.99 4.83 19 0.988
26 51 29 562 0.063 0.958 6.3 9.4 0.993 86 52 28 537 0.059 0.982 5.48 13.3 0.996
27 77 30 365 0.043 0.991 5.32 15.1 0.982 87 81 29 271 0.035 0.996 4.63 21.2 0.988
28 61 25 373 0.051 0.981 5.11 15.2 0.993 88 64 36 633 0.054 0.995 5.52 15.1 0.998
29 68 34 635 0.057 0.958 5.48 15 0.994 89 65 30 431 0.047 0.996 4.9 18.3 0.987
30 55 25 443 0.064 0.973 5.48 12.4 0.997 90 57 31 729 0.064 0.992 5.62 13.2 0.997
31 57 31 1007 0.084 0.92 5.78 12.2 0.998 91 72 44 721 0.048 0.995 5.85 16.4 0.998
32 61 24 487 0.056 0.995 5.08 14.3 0.995 92 70 31 546 0.055 0.991 4.95 18.6 0.999
33 71 29 278 0.038 0.961 5.38 14.3 0.994 93 66 37 637 0.048 0.985 5.53 16 0.995
34 57 22 836 0.08 0.998 5.04 13.2 0.993 94 64 32 358 0.046 0.976 5 17 0.991
35 60 29 376 0.048 0.991 5.3 14.3 0.987 95 67 31 557 0.054 0.985 5.33 15.3 0.993
36 50 26 705 0.081 0.985 5.95 10 0.999 96 55 32 839 0.073 0.976 5.53 13.4 0.996
37 80 27 433 0.046 0.975 5 18.1 0.984 97 63 31 623 0.056 0.978 5.32 14.5 0.998
38 71 31 999 0.08 0.959 5.6 13.9 0.997 98 63 33 747 0.06 0.996 5.6 14.6 0.997
39 66 24 472 0.054 0.991 5.16 14.6 0.998 99 65 35 676 0.053 0.99 5.51 15.9 0.997
40 51 25 905 0.085 0.958 5.78 11 0.996 100 64 30 430 0.047 0.983 5.02 16.7 0.994
41 70 37 1204 0.066 0.978 5.95 14.9 0.996 101 55 34 1330 0.079 0.983 5.7 14 0.995
42 71 27 469 0.053 0.985 5.15 16.7 0.994 102 56 33 1041 0.075 0.981 5.68 13.6 0.998
43 60 37 701 0.067 0.938 5.7 14 0.997 103 59 33 867 0.07 0.983 5.54 13.8 0.997
44 57 25 488 0.067 0.954 5.11 15 0.996 104 60 26 916 0.077 0.991 5.08 15.3 0.992
45 56 30 616 0.064 0.996 5.38 12.9 0.992 105 57 30 579 0.062 0.957 5.48 13.6 0.993
46 52 26 710 0.079 0.91 5.6 11.7 0.994 106 57 31 865 0.068 0.974 5.53 13.2 0.998
47 60 29 584 0.065 0.97 5.6 12 0.997 107 60 30 826 0.066 0.975 5.26 15.1 0.994
48 57 30 785 0.069 0.962 5.79 12 0.995 108 55 30 694 0.066 0.969 5.48 13 0.994
49 62 30 780 0.07 0.969 5.78 12.8 0.991 109 58 31 639 0.058 0.967 5.6 13.1 0.998
50 59 24 596 0.064 0.942 5.11 14.1 0.998 110 58 31 768 0.065 0.984 5.26 14.7 0.999
51 77 36 349 0.039 0.988 5.04 20.9 0.995 111 68 40 920 0.058 0.988 5.85 15.9 0.999
52 69 32 383 0.041 0.987 5.02 18 0.99 112 62 36 1060 0.068 0.99 5.6 15 0.994
53 73 36 521 0.047 0.99 5.6 14.7 0.992 113 67 31 729 0.06 0.989 5.43 14 0.99
54 66 32 452 0.05 0.986 5.08 16.6 0.997 114 70 30 432 0.048 0.99 5.23 15.9 0.985
55 80 37 466 0.046 0.981 5.49 18 0.999 115 66 32 542 0.048 0.972 5.1 16.5 0.993
56 80 39 475 0.042 0.986 5.11 20 0.995 116 64 33 638 0.058 0.961 5.32 15.6 0.997
57 91 35 589 0.045 0.994 5 23.1 0.998 117 70 31 408 0.045 0.984 4.78 19.1 0.997
58 73 36 646 0.051 0.984 4.9 20 0.998 118 63 30 417 0.048 0.955 5.28 15 0.995
59 79 35 618 0.046 0.977 5.28 19.3 0.984 119 67 33 537 0.052 0.976 5.3 16 0.994
60 85 35 545 0.044 0.97 4.91 23 0.997 120 66 31 736 0.057 0.962 5.06 16.8 0.991
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A multiple regression analysis is performed between water
content, plasticity index and undrained shear strength for VST data.
Data sets comprising those two independent variables and one
dependent variable for each sample are included in the regression
analysis. The multiple regression analysis is carried out using
DATAFIT program (Oakdale Engineering, 2008). The resulting
regression coefficient (R2) is 0.72.

The Bjerrum’s correction factor for soil plasticity, m, has the
empirical form (as deduced from Fig. 1) as
m ¼ 2:131ð1þ PIÞ�0:265 (3)
The second step of the multiple regression analysis involves the
prediction of undrained shear strength using the independent var-
iables of water content and plasticity index corrected by the Bjer-
rum’s correction factor. The resulting regression coefficient is 0.71.

The third step of the multiple regression analysis involves the
correlation between only the liquidity index (LI) and the undrained
shear strength. The liquidity index is defined as
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)

Fig. 7. Relationship between the liquidity index and the undrained shear strength
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LI ¼ w� PL
LL� PL

(4)

The multiple regression analysis for this third step yields the
following relationship with the R2 value of 0.82, which is the
highest value among the results of the three approaches:

su ¼ 96� 0:187LI (5)

The three-step multiple regression analysis reveals that,
compared with the result obtained using the Bjerrum’s correction
factor, the undrained shear strength obtained from the VST is
better represented when su values are correlated with the
liquidity index. Fig. 6 is a plot of su versus LI for 972 data pairs. The
number of data pairs is 1200 considering that 10 groups of tests
are conducted for each sample. We come to realize that some of
the tests are run at water contents below plastic limit and thus are
excluded from the analyses, because they result in negative values
for LI.

There should be a reference test to validate the usability of
liquidity index to predict undrained shear strength. Earlier, it is
stated that the UCT is significantly influenced by sample distur-
bance. The present investigation employs only remolded samples,
and there is no chance of testing remolded samples using the UCT.
Those two facts prohibit us from using the UCT for a comparison
with the VSTL. Instead, based upon the proposal by Kayabali and
Ozdemir (2013) that the RET is superior to the UCT as it elimi-
nates the fissure effects and enables the testing of soft to very soft
soils, the RET technique is employed as a reference to validate the
results obtained from the miniature VST.

In contrast to the VSTL data, the RET data result in a better
correlation between the extrusion pressure and the water content
in a semi-logarithmic diagram as shown in Fig. 5. The correlation
between the extrusion pressure at failure and the water content is
perfect for sample No. 12, and the smallest value of R2 is 0.98 for all
samples. The y-intercept and the slope of the fitted curve from Fig. 5
and from the plots of other soil samples are determined and listed
in Table 1. Because the slope value (or the coefficient b) is small,
with several decimals, the inverse of the b value is preferred for
convenience. The y-intercept (the coefficient a) and the inverse
slope (b�1) values determined for 120 samples are listed in Table 1
along with their regression coefficients.

A correlation between the liquidity index and the extrusion
pressure at failure is built using all data from the RET. The following
relationship with a regression coefficient of 0.81 is obtained:
LI

s u
 (k

Pa
)

Fig. 6. Relationship between liquidity index and undrained shear strength obtained
from the miniature VST.
PE ¼ 2127ð1þ LIÞ�5:33 (6)

As far as the regression coefficients for the VSTL and RET
methods are concerned, the degree of accuracy for predicting un-
drained shear strength using the RET is nearly the same as that of
the VST. The relationship between the liquidity index and the
extrusion pressure is presented in Fig. 7.

Note that the RET is capable of predicting the undrained shear
strength for fine-grained soils, the extrusion pressure at failure (PE)
needs to be converted to a convenient form in terms of su, i.e. the
undrained shear strength needs to be determined in terms of PE. It
should be noted that the VSTL and the RET are not conducted at
same water content; therefore, a list of commonwater contents for
both test methods needs to be constructed as shown in Table 2,
which are assigned arbitrarily. For instance, the liquid limit and
plastic limit for sample No. 24 are 42.9 and 26.2, respectively. The
arbitrary water contents of 30%, 35% and 40% are assigned for this
sample and the corresponding undrained shear strength and
extrusion pressure are computed using Eqs. (5) and (6), respec-
tively. Likewise, the LL and PL for sample No. 57 are 90.3 and 35.2,
respectively. The arbitrary water contents of 40%, 50%, 60%, 70%,
80% and 90% are assigned and the corresponding undrained shear
strengths and extrusion pressures are determined. When the soil’s
plasticity index is low, the water content increment is taken as 5%
(as in the case of sample No. 24), whereas when the PI is great the
increment is selected as 10% (as in the case of sample No. 57).
Table 2 is given only as an example, which also includes coefficients
obtained from the RET.

Table 2
A sample table to show how the common water contents for the miniature VST and
RET, the corresponding liquidity index, extrusion pressure and undrained shear
strength are generated.

No. LL PL aRET 1/bRET aVST bVST w
(%)

LI PE
(kPa)

suVST

(kPa)

24 42.9 26.2 6.1 9.5 790 0.081 30 0.23 896 70
24 42.9 26.2 6.1 9.5 790 0.081 35 0.53 267 46
24 42.9 26.2 6.1 9.5 790 0.081 40 0.83 79 31
25 65.2 27.2 5.1 16.6 393 0.05 30 0.07 1831 88
25 65.2 27.2 5.07 16.6 393.2 0.05 40 0.34 457 53
25 65.2 27.2 5.07 16.6 393.2 0.05 50 0.6 114 32
25 65.2 27.2 5.07 16.6 393.2 0.05 60 0.86 29 20
57 90.3 35.2 5 23.1 589 0.045 40 0.09 1855 97
57 90.3 35.2 5 23.1 589 0.045 50 0.27 685 62
57 90.3 35.2 5 23.1 589 0.045 60 0.45 253 40
57 90.3 35.2 5 23.1 589 0.045 70 0.63 93 25
57 90.3 35.2 5 23.1 589 0.045 80 0.81 34 16
57 90.3 35.2 5 23.1 589 0.045 90 0.99 13 10
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a and b for both test methods. In this way, a data set of arbitrarily
assigned water contents along with their respective undrained
shear strengths and extrusion pressures are constituted. To
compute the undrained shear strength in terms of extrusion pres-
sure and liquidity index, a multiple regression analysis is per-
formed. The following expression with the R2 value of 0.83 is
obtained:

su ¼ 46:3� 0:307LIP0:105E (7)

4. Conclusions and discussion

The following conclusions are drawn from the present
investigation:

(1) While the Bjerrum’s correction factor has beenwell known and
in use for a long time, the effect of soil plasticity on undrained
shear strength of fine-grained soils is shown to be better rep-
resented when the measured undrained strength values are
correlated with the liquidity index.

(2) The results of the VSTL are validated by the RET, which is shown
to be simple, robust, free of operator effects, and to eliminate
the two important setbacks with the UCT, indicated by the
previous researchers.

(3) The RET predicts the undrained shear strength of fine-grained
soils with nearly the same degree of accuracy as the VST
method. Its use is much simpler than the VST method.

It should be kept in mind that the range of LL of the soil samples
in this investigation is 46e91, and the range for PI is 19e57. The
equations developed to predict the undrained shear strength using
the VST and RET techniques are valid only for those ranges of
plasticity. Further investigation is recommended to include soils of
both the lower and higher liquid limits than those used for this
investigation.
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