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RATE OF SHEAR EFFECTS ON VANE
SHEAR STRENGTH

By Mohsen §$h@rifotlnnasab,l A. M. ASCE
and C. Robert {Ullrich,” M. ASCE

INTRODUCTION

Conventionally, the vane shear test is performed using a four-bladed
vane, the height of which is twice its diameter. Torque is applied to the
vane at a rate of approximately 6 deg/min until failure occurs.

Studies of the vane shear test have been performed by many inves-
tigators (1,2,4,5,8,10). These studies indicate that measured vane shear
strength may be affected by vane geometry (1,8), and that the measured
vane shear strength of highly plastic clays tends to increase as shear rate

. increases (10).

In this paper results are presented for a series of laboratory vane shear
tests in which different shear rates were used. Results of vane shear
tests on a clay of low plasticity are used to show that partial drainage
may occur in tests performed at rates as slow as 6 deg/min. Results of
vane shear tests on a highly plastic clay are used to demonstrate that
for completely undrained conditions vane shear strength increases as
shear rate increases. |

LABORATORY STUDIES

M,

A study was performed at the University of Louisvillg to investigate
the effects of shear rate and vane dimensions on the /measured Vane
shear strength of s soft Clays 1(9). A total of 222 1nd1v1dua1g """
were performed.” -

The soils used in this study were kaolinite and slaked Pierre shale,
which differ widely in engineering properties and behavior. Index prop-
erties of these two s01ls are summanzed in Table 1. Thecj

In order to avoid differences between samples due to specﬂ geologic
features and sampling procedures, specimens of kaolinite and Pierre shale
were prepared from thick slurries. Prior to sample preparation the Pierre
shale was slaked by exposure to six cycles of wetting (immersion) and
drying. Samples of kaolinite were one-dimensionally consolidated under
pressures of 528 psf (25.3 kPa) and 1,056 psf (50.6 kPa), and samples of
Pierre shale were consolidated under a pressure of 528 psf (25.3 kPa).
Kaolinite samples were 3.5 in. (8.89 cm) in diameter by 4 in. (10.2 cm)
high, whereas Pierre shale samples were 3 in. (7.62 cm) high.
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TABLE 1.—Index Properties of Soils Tested

Percent

Liquid Plastic | finer than

limit, limit, 2 microns,

Specific as a per- as a per- as a per-

Soil gravity centage centage centage Activity

M @ ©) 4) (5) (6)
Kaolinite 2.70 48% 34% 43% 0.33
Pierre shale 2.74 138% 35% 73% 1.41

When consolidation of each sample had been completed a template
was used to mark three points of insertion on the surface of the sample.
Vane shear tests were performed at depths of 1.5 in. (3.81 cm) and 2.5
in. (6.35 cm) for kaolinite samples, and at a depth of 1.5 in. (3.81 cm)
for Pierre shale samples. During each test, readings of applied torque
were taken at predetermined time intervals so that the actual rate of
vane rotation could be determined.

Different pulley arrangements were devised for the motor and drive
train of the laboratory vane shear device used in this study; the resulting
rates of torque head rotation were 5 deg/min, 10 deg/min, 26.7 deg/
min, 53.3 deg/min, and 106.6 deg/min. Three rectangular vanes with
different height-to-diameter (H/D) ratios were used: The diameter of each
vane was 0.5 in, (1.27 cm), and the vane heights were 0.5 in. (1.27 c¢m),
0.75 in. (1.91 cm), and 1.0 in. (2.54 cm).

Test ResuLTs

Results of tests performed in this study are presented in Figs. 1 and
2, in which shear strength is shown as a function of the average rate of
shear, The average rate of shear was calculated by dividing the angle of
rotation of the vane at failure by the time to failure. Each data peint in
Figs. 1 and 2 represents the average of several test results.

The measured torque at failure is related to horizontal and vertical
shear strength values by the equation

J(H D
T = D = 8yt — 8 | )
2 6

in which T = torque at failure; D = diameter of vane; H = height of
vane; s, = vertical shear strength; and s, = horizontal shear strength.

In this study vane shear tests were performed for each of three vane
shapes at specific rates of rotation. Thus, for a given rate of rotation it
was possible to consider measured torques for pairs of vane shapes and
solve simultaneous equations to determine s, and s, .

In Figs. 1 and 2 the vertical shear strength was normalized by dividing
each value of vertical shear strength by the vertical shear strength mea-
sured at the standard shear rate (6 deg/min). Values of the vertical shear
strength at the standard shear rate, s,,, were 1.05 psi (7.23 kPa) for the
Pierre shale consolidated under 528 psf (25.3 kPa); 0.70 psi (4.82 kPa)
for the kaolinite consolidated under 528 psf (25.3 kPa); and 1.40 psi (9.65
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FIG. 1.—Normalized Shear Strength versus Rate of Shear for Pierre Shale
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FIG. 2—Normalized Shear Strength versus Rate of Shear for Kaolinite

kPa) for the kaolinite consolidated under 1,056 psf (50.6 kPa). Normal-
ized shear strength values for both test series on kaolinite (both con-
solidation pressures) are shown together in Fig. 2.

Values of horizontal shear strength, calculated by simultaneous equa-
tions, were expressed as s,/s, . Values of s;/s, did not display any con-
sistent pattern with changing shear rate. For the Pierre shale the average
value of s,/s, was 1.38, whereas for the kaolinite the average value of
su/s, was 2.55. Richardson et al. (8) collected vane shear data from var-
ious sources and plotted s,/s, versus plasticity index. The values of
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su/s, obtained in this study are approximately 50% higher than values
indicated by the relationship presented by Richardson et al.

The effect of shear rate on measured vane shear strength was studied
in a series of field tests by Torstensson (10). Over 300 vane shear tests
were performed on two highly plastic normally consolidated clays; in
these tests time to failure was varied from 5 min to 7 days. The angle
of rotation of the vane at failure was found to be independent of the
time to failure. Vane shear tests results were presented in terms of nor-
malized shear strength versus time to failure.

An equation of the form proposed by Torstensson (10) was fitted to
the data shown in Figs. 1 and 2. The equation has the form

S ()] #
== a(——) ................................................... )
Svo W,

in which s, = vertical shear strength; s,, = vertical shear strength, mea-
sured at the standard shear rate; w = shear rate; o, = standard shear
rate (6 deg/min); and a and B are coefficients which depend on the
properties of the soil.

The method of least squares was used to fit Eq. 2 to data shown in
Fig. 1 for the Pierre shale. The value of  describes the effect of shear
rate on measured strength; the value of § determined for the Pierre shale
was 0.05, which is the same as that determined by Torstensson in his
study. The value of o for the Pierre shale was 1.03.

Contrary to expected behavior, shear strength values for kaolinite de-
crease with increasing shear rate (Fig. 2). Apparently, at relatively slow
shear rates, shear-induced pore pressures are able to dissipate away from
the test location and a partially-drained strength value is measured. As
the rate of shear increases, less pore pressure dissipation occurs and
lower values of shear strength are measured. The method of least squares
was used to fit Eq. 2 to data shown in Fig. 2; the value of B was —0.16
and a was 0.99.

Perlow and Richards (7) proposed that shear rates for vane shear tests
be standardized on the basis of angular shear velocity; for a 0.5 in. (1.27
cm) diameter laboratory vane, the shear rate necessary to maintain un-
drained conditions is about 80 deg/min. Using the equation fitted to
data in Fig. 2, it may be calculated that for kaolinite the shear strength
measured at 6 deg/min is about 50% higher than that measured at 80
deg/min.

CoNcLUSIONS
Principal conclusions drawn from this study are as follows:

1. Results of vane shear tesis on kaolinite indicate that partial drain-
age may occur if the shear rate is too slow.

2, The suggestion by Perlow and Richards (7) that laboratory vane
shear tests be performed at 80 deg/min appears justified; for kaolinite
shear rates of at least 30 deg/min are necessary to ensure undrained
conditions.

3. Results of vane shear tests on Pierre shale indicae that in the ab-
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sence of any drainage during shearing, measured shear strength in-
creases as shear rate increases.

4. The rate-dependent character of vane shear strength for Pierre shale
may be described by a mathematical equation similar to that proposed
by Torstensson (10).
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AprPENDIX Il.—NOTATION

The following symbols are used in this paper:

D = diameter of vane;

H = height of vane;

s, = horizontal shear strength;

s, = vertical shear strength;

s, = vertical shear strength, measured at standard shear rate;
T = torque at failure;

a = constant in empirical equation;

B = constant in empirical equation;

© = shear rate; and

w, = standard shear rate.
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