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Vane shear test application on cohesionless soils 

L’application du scissometre aux sols non-coherents

P.L.A.BARROS, Professor, M.Eng., University of Campinas, Brazil 

C.L.A.BARROS, Professor, Ph.D., University of Campinas, Brazil

SYNOPSIS: The application of the vane shear test on cohesionless soils is explored. An analytical 
approach based on the solution for the thick-wall cylinder in a triaxial stress field is proposed 
for the evaluation of the internal friction angle. A linear regression equation for a uniform sand 
relating an expansion factor to the internal friction angle <f is experimentally obtained in the 
laboratory. Direct shear tests and vane shear tests performed in the laboratory are used to access 
the proposed model.

1 INTRODUCTION

The vane shear test has been extensively used 
throughout the world for the determination of the 
in situ undrained shear strength of soft to medium 
clays. Yet, many field vane shear tests has been 
conducted in soils, claimed as homogeneus clays, 
where the occurence of sandy layers, ramdomly di£ 
tributed in the clay medium is observed. This is 
the case of some marine clays, varved clays, and 
other clay soil well described in the literature. 
The geotechnical question at this point is how to 
interpret the vane shear tests performed in those 
sandy layers in terms of shear strength of the 
soil.

Studies of vane shear tests on other type of 
soils than clays are rare and inconclusive in the 
literature. Blight (1978) presented a work of vane 
shear test where silty soils were used. Sandy 
soils were investigated by Wilson (1964) as part 
of a laboratory vane shear test work. The atten
tion of Wilson's study was centered on the appar
ently high shear strength results obtained on vane 
shear tests executed on sandy clay soils. Nega
tive pore-water pressure, built up during the 
tests, due to soil dilatancy undergoing shear 
strain, was claimed as the reason. However this 
condition was not confirmed in the laboratory 
tests, where the soils presented high permeabil
ity.

On the other hand, the size (diameter) and the 
rigidity of the cylindrical mould, where the soil 
samples were confined during the tests, was ob
served to affect the test results.

The purpose of this Paper is to present a method 
of interpretation for the vane shear tests per
formed on cohesionless soils, as introduced by 
Barros (1987). Mould dimensions effects on labora 
tory test results and insight for field vane shear 
test evaluation are investigated and discussed.

2 PROPOSED MODEL

diameter; s = shear strength along the vertical 
direction; ¿fid s. = shear strength along the hori
zontal direction.

In a cohesionless soil that obey the Mohr- 
Coulomb law, Eq. 1 becomes:

M= (n/2)hd 0 , tan (n/6 )d a tan (2 )

where a and o are the normal stresses on the 
horizontal andvvertical directions respectively, 
and $ is the soil internal friction angle. In the 
field, o is taken as the overburden pressure at 
the testvdepth, and a, can be estimed from o as
suming the following nipothesis:

1. The failure surface is cylindrical with the 
dimensions d and h equal to the vane blades dimen 
sions.

2. The soil cylinder formed by this failure sur
face can be taken as a rigid body.

3. The lateral earth pressure at rest K 0 can be 
determined from the empirical expression given by 
Jaky (1948):

K 0= 1 - sin (3)

4. At the failure phase, the material surround
ing the failure cylinder undergoes a volumetric 
dilatancy behaving as a linear-elastic body.

The soil dilatancy at the failure surface re
sults in a expansion A, on the diameter of the 
cavity where the failure cylinder is inserted.
Then a, will increase and it can be determined us 
ing exiting solutions for the expansion of cylin- 
crical cavities in linear-elastic medium.

Tests executed in the laboratory where the soil 
is confined by a rigid cylindrical mould, will be 
affected by the distance of the mould wall to the 
failure surface. In this case a, can be determined 
using the existing solution for thick-wall cylin
der in a triaxial stress field (Poulos & Davis 
1974) as indicated in Fig. 1.

At the failure, o can be related to a by a 
coefficient of lateral earth pressure K Ss:

The moment M necessary to shear a cylindrical sur 
face that surrounds the vane blades is given by: °h= K

M = (ir/2) hd s + (n/6 ) d s, (1)
v n

in which h= vane blades height; d= failure surface

and then Eq. 2 becomes:

d a
3 — K 
d

+ 1  tan

(4)

(5)
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Figure 1. Thick-wall cylinder.

Eq. 5 relates a dimensionless parameter designated 
here as "reduced shear moment" to the internal 
friction angle <t>. The coefficient of lateral earth 
presure K is obtained from the thick-wall cylinder 
solution given by Poulos & Davis (1974) .

The radial deformation Â _ of an element i dis
tant r from the cvlinder axis is:

l+vfp 2 d 2 (ag-Qj) _ ajd 2 -a?Dz a _2v)r|+
4 (D2 -d 2 ) r

* j i ( .
2 v (CT-j d 2 -p.

D 2 -d 2

¡Di)j (6 )

in which v = Poisson's ratio and E= Young's modu
lus .

If ae mantains the mould diameter inaltered 
(A = 0 for r= D/2) and o. causes the variation 
h ^ / 2 of the internal radius d/2 (Ar= A^/2 for 
r= d/ 2 ), then:

_ Ad^D2 (l-v)+d2 (1 +v) , _
ah-ai 11 d E (D^-d^'d-v*) +

v
1  —V

(7)

3 SOIL CARACTERISTICS

In order to verify the applicability of the pro
posed model, a fine to medium sand obtained in 
Limeira, SP, was chosen for the shear testing.

This soil was formed from a sandstone by rain
fall erosion and deposition. The soil grain size 
distribution is given in Fig. 2, its grain round
ness is subangular to subrounded and the grain 
sphericity is about 0.9.

The particle forming mineral is predominatly 
quartz leading to a specific solid weight y s =

26.7 kN/m3.
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Figure 2. Grain size distribution.

4 EQUIPMENT AND TEST PROCEDURES

and

K= S A
Ad E D 2 (1-v)+d (1+v) 
d ov (D^-d*) (1 -v^) 1 -v

The value v/(l-v) is equal to K 0 and therefore:

Defining:

(1 - sin 4>)/ (2 - sin 4>)

D 2 (l-v)+d2 (1+v) 
(D2 -d2) ( 1—v^)

as "Poisson's factor", and

f M  
A dov

as "expansion factor", results:

d ^ r  I ( 3l ( f i f v+i - sin + x) tan ♦

In a field test, D resulting:

fv= l/(l+v)

(9)

( 10 )

( 11)

( 1 2 )

(13)

The Eq. 12 shows that the soil internal friction 
angle $ can only be determined from the vane shear 
test if the Young's modulus E and the diameter ex
pansion Ad of the failure surface are known. Tnis 
work proposes that these quantities can be experi
mentally related to the internal friction angle $ 
by using the expansion factor f^.

Basically, laboratory vane shear tests and direct 
shear tests were performed on air dried sand sam
ples using specimens similarly moulded for both 
tests. The moulding equipment and procedure are 
based on the multiple sieving pluvitation method 
introduced by Miura & Toki (1982). This method 
uses a stack of sieves to distribute a vertical 
sand flux inside a moulding container after pass
ing the soil throught the sieves. By varying the 
sand discharge rate, the resulting sample void 
ratio can be controlled.

The direct shear tests were executed in a stan
dard direct shear machine using a 63.5 mm square 
section shearbox. Three specimen series were 
moulded directly into the shearbox at various 
initial void ratios, and the specimens in each 
series were tested to failure under one of the 
three chosen vertical stress av values (50, 100 
and 200 kPa).

The vane shear tests were performed in a modi
fied laboratory vane test apparatus. The original 
vane test machine was modified to fit on the top 
of the direct shear test machine allowing the use 
of its vertical stress application device (Fig.
3). Thus the tests could be executed on samples 
confined under an imposed vertical stress, such as 
those performed in the direct shear machine.

For these tests, two main specimen series were 
moulded: one of them using a small cylindrical 
metal mould 63.5 mm diameter and 80.0 mm height 
and the other series using a large cylindrical 
metal mould 101.4 mm diameter and 78.0 mm height. 
In each of these two series, three specimen sub 
series were moulded and the samples were tested in
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Figure 3. Vane test apparatus.

the vane test machine under the same vertical 
stress o values used in the direct shear tests. 
A vane blade with 12.7 mm diameter and 25.4 mm 
height was used through all these tests.

5 TEST RESULTS AND ANALYSIS

5.1 Direct shear tests

From the direct shear tests, a correlation between 
the internal friction angle <p and the sample ini
tial void ratio e was made for each one of the 
three applied vertical stresses av . The friction 
angle in each test was determined from the shear 
stress at the failure plane Tf.

To obtain that correlation, a linear regression 
using the least-squares method and the generic 
equation:

ln(tan <p - tan 33°)= A ln(e) + B (14)

was chosen. The resulting correlation curve along 
with the test results are shown in Fig. 4.

Figure 4. Variation of the internal friction angle 
<P with the initial void ratio e for direct shear 
tests performed on sand samples under different 
vertical confinement stresses.

5.2 Vane shear tests

The results obtained from the two main test series 
indicate that there is a clear relation between e 
and the failure shear moment M in the vane tests 
as can be seen in Fig. 5.

Figure 5. Vane shear test results for the large 
and small cylinder mould.

Unfortunately, it was not possible to test samples 
with e smaller than 0.65 and 0.70 under vertical 
stresses of 100 kPa and 200 kPa respectively. In 
these cases the required failure shear moment were 
beyond the limit capacity of the available vane 
spring.

In order to analyse the experimental results, 
first the value of the internal friction angle $ 
was estimed from Eq. 14 for each one of the vane 
shear test performed. Then the Poisson’s ratio v 
was obtained from Eq. 9 followed by the Poisson's 
factor fv and the expansion factor f^ determined 
from Eq. 10 and Eq. 12 respectively. The f^ values 
obtained from vane shear tests on large and small 
mould are shown in Fig. 6 . An approximately linear 
relation between f^ and tan <J> is shown by this 
figure.

Figure 6 . Variation of expantion factor f^ with 
tan $ for vane shear tests performed on sand sam
ples under various vertical confinement stresses.
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It can be seen that fA varies approximately from 
zero at sample maximum initial void ratio, repre
sented in the figures by tan <i> value of approxi
mately 0.65, to a maximum value that is affected 
by the mould diameter (it is higher for the small 
mould). This fact may be caused by a higher stress 
field in the small mould that tends to increase 
the Young's modulus E. Thus, the mould diameter 
affect the failure shear moment in two ways: the 
first effect is given by fv and the second by fA .

In order to obtain a unique expression relating 
£h to tan <(i another linear regression was made now 
including all the vane shear test results:

fa = 7.174 tan - 4.421 (15)

This new regression equation presents a correla
tion factor r 2 of 0.84 and a standard deviation S 
of 0.3 57 and is shown in Fig. 6 .

By substituting Eq. 15 into Eq. 12 the resulting 
curves shown in Fig. 7 were obtained. As can be 
noted the maximum difference between the <t> value 
estimated from Eq. 12 and the ij> value obtained 
from e is about 2.5°.

Figure 7. Comparison between model and void ratio 
estimed tj> values.

If the tests were executed in the field, it would 
be used a larger vane blade than the one used here 
(typically 50 mm diameter and 100 mm height) ,' and 
then the dilatancy effect on the failure moment is 
expected to be proportionally reduced. However 
this reduction needs to be comproved by field 
tests measurements.

It has to be noted that the tests were executed 
on a single soil and the f^ value shoud be af
fected by the granulometric caracteristics of the 
material. So, there is need for testing other type 
of sands to relate f̂  to these caracteristics.

Finally, it is desirable to obtain the values of 
Ad and E separately from other tests in order to 
access the proposed model reliability.

2. A linear regression equation relating the in
ternal friction angle to an expansion factor can 
be determined from laboratory direct shear and 
vane shear tests. For a uniform sand here investi
gated the regression equation was:

fA= 7.174 tan <(> - 4.421.

3. The predicted internal friction angle <t> ob
tained from the analytical approach agrees very 
well with laboratory direct shear test re
sults. The difference between these two methods, 
observed for the investigated sand, was no more 
than 2.5° for <t> ranging from 33° to 49°.

4. The mould size (diameter) affects the labora
tory results in terms of the failure shear moment 
by changing the stress field in the soil sample. 
The volumetric dilatancy behaviour of the soil 
during the failure phase for a small diameter 
mould results in higher shear moment (and smaller 
internal friction angle) than for large diameter 
mould.

5. The application of the vane shear test on co- 
hesionless soil is feasible. Further investiga
tions are encouraged considering sands with dif
ferent granulometric characteristics, and extend
ing tests to the field conditions, in order to 
verify the proposed model.
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6  CONCLUSIONS

1. The solution for the thick-wall cylinder in a 
triaxial stress field can be extended to evaluate 
the internal friction angle of sandy soils using 
the laboratory vane shear test. The field shear 
test can be interpreted as a particular case of 
the above solution by setting the cylinder mould 
diameter equal to infinity.
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