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Indian Standard

CODE OF PRACTICE FOR
IN-SITU VANE SHEAR TEST FOR SOILS

( First Revision )

0. FOREWORD

0.1 This Indian Standard ( First Revision ) was adopted by the Indian
Standards Institution on 28 February 1978, after the draft finalized by the
Soil Engineering Sectional Committee had been approved by the Civil
Engineering Division Council.

0.2 The vane shear test is most appropriate for the determination of the
shear strength of saturated clays, especially of the ‘soft’ to ‘medium’ con-
sistency. The test is especially appropriate for determining the shear
strength of sensitive soils which are highly susceptible to sampling
disturbances.

0.3 The vane shear test consists of pushing a four-bladed vane in the soil
and rotating it till a cylindrical surface in the soil fails by shear. The
torque required to cause this failure is measured and this torque is con-
verted to a unit shearing resistance of the cylindrical surface.

0.4 This standard was first published in 1967. In this revision several
changes have been made taking into consideration the experience
gained in conducting the test. The essential requirements of the torque
applicator have been added. Maximum permissible area ratio of the vane
has been related to the vane diameter. Torque applicators of two capa-
cities have been specified; guidance has been given for the selection of the
lesser capacity torque applicator in relation to the anticipated shear
strength of the soil to be tested and the overall vane diameter. Oppor-
tunity has also been taken to give the requirements and examples in SI
units.

0.5 In the formulation of this standard due weightage has been given to
international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices in this
field in this country. This has becn met by basing the standard on the
following publications:

BS 1377:1975 Methods of test for soils for civil engineering purposes.
British Standards Institution.

3
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ASTM D 2573-67T Field vané shear test in tohesive soils. American
Society for Testing and Materials.

E-20 Inplace vane shear test. Earth Manual, United States Bureau
of Reclamation.

0.6 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed for calculated, expres-
sing the results of a test or analysis, shall be rounded off in accordance
with IS: 2-1960* The number of significant places retained in the
rounded off value should be the same as that of the specified value in this
standard.

1. SCOPE

1.1 This standard covers the procedure of conducting in-situ vane shear
test in saturated cohesive deposits for determining their inplace shearing
resistance. Two methods of the test, namely, testing from bottom of
a bore-hole and by direct penetration from ground surface, are covered.

2. APPARATUS
2.1 For Test from Bottom of Bore-Hole

2.1.1 Vane —shall consist of four mutually perpendicular blades as
illustrated in Fig. 1. The height of the vane shall be twice the overall
diameter. It is recommended that the overall diameter of the vane should
be 37°5, 50, 65, 75 or 100 mm. The design of the vane shall be such that it
causes as little remoulding and disturbance as possible to the soil when
inserted into the ground for a test. The blades shall be as thin as pos-
sible, consistent with the strength requirements. The vane should not
deform under the maximum torque for which it is designed. The penet-
rating edge of the vane blades shall be sharpened having an included angle
of 90°. The vane blades shall be welded together suitably either directly
or to a central rod, the maximum diameter of which should preferably not
exceed 12:5 mm. The area ratio of the vane shall be kept as low as pos-
sible and shall not exceed 18 percent for the 37°5 mm vane and 12 percent
for the 50, 65, 75 and 100 mm diameter vanes. The area ratio may be
calculated using the following formula:

__ 8 (D—d) + nd®
- nD?

4, x 100 (%)

where
4, = area ratio in percent,
t = thickness of vane blades in mm,

*Rules for rounding off numerical values ( revised ).
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D = overall diameter of vane in mm, and
d = diameter of central vane rod including any enlargement
due to welding in mm.

Note — The vane selected should be the largest size suitable for the general soil
conditions at a site.

2.1.1.1 The vanec rod (the rod to which the vane blades are fixed )
may be enclosed in a suitably designed sleceve from just above the blades
and throughout the length it penctrates the soil to exclude the soil parti-
cles and the effects of soil adhesion. This sleeve shall comnmence above
I:ht('a1 blades at a distance equivalent to about two diameters of the vane
rod.

Note — The vanes shall be frequently checked for straightness.

2.1.2 Torque Applicator — The torque applicator shall have a clamping
device to rigidly secure it to the anchor casing and shall have an attach-
ment to securely hold the string of rods connecting the vane.

2.1.2.1 The instrument shall be capable of applying a torque to the
vanc through the string of rods and to measure the same. It should also
have a device to read the angular rotation of the upper end of the exten-
sion rod. The torque applicator shall be provided with speed control so
that the rate ot rotation may be maintained at U-1%/s. Friction exerted by
the torque applicator should bc of neglible magnitude and shall be checked
periodically.  Depending upon the estimated shear strength of the soil,
the following table ( Table 1) may be used as a guide for the selection

of torque applicator of capacity 60 N.m ( 600 kgf.cm ).

TABLE 1 SELECTION OF TORQUE APPLICATOR

Estimated 10 20 30 40 50 60 70
shear strength (01) (02) (03) (04) (05) (06) (07)
n LA fsvn2 £ loceflmrn® \
&1l &L"lll ‘ &sll\,lll ’

Vane size All All All All All 375 375
( dia ) suitable sizes  sizes sizes sizes sizes and and
for use with except except except except S0 mm 30U mm
600 kgf.cm 100 mm 100 mm 100 mm 100 mm sizes  sizes
torque applicator and and

75mm 75 mm

2.1.2.2 The capacity and accuracy of the instrument shall be one of
the following as may be specified by the purchaser:
a) Measure torque up to 60 N.m (600 kgf.cm) to an accuracy of
I N.m (10 kgf.cm ), or

b) Measure torque up to 200 N.m (2 000 kgf.cm ) to an accuracy of
2-5 N.m (25 kgfiem ),
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2.1.3 Rod System — The string of torque rods connecting the vane to the
torque applicator called the rod system may be of the quick coupling type
or of the threaded type. The length of the rods shall preferably be Im
with a few of smaller lengths. These rods shall have sufficient diameter
such that their elastic limit is not exceeded when the vane is stressed to its
capacity (see Note). The threaded rods shall be so coupled that the
shoulders of the male and female ends shall meet to prevent any possibility
of the coupling tightening when the torque is applied during the test. If
a vane housing is used, the torque rods shall be equipped with well-lubri-
cated bearings where they pass through the housing. These bearings shall
be provided with seals to prevent soil from entering them. The torque
rods shall be guided so as to prevent friction from developing between the
torque rods and the walls of casing or boring.

Note — If torque versus rotation curve is to be determined, it is essential that the
torque rods be calibrated ( prior to the use in the field ). The amount of rod twist (if
any ) shall be established in degree per metre per unit torque. This correction becomes
progressively more important as the depth of test increases the calibration shall be
made at least to the maximum depth of testing anticipated.

2.1.4 Dummy Rod — of dimensions equal to that of the vane rod of the
vanes used.

2.1.5 Guides for Rod — of suitable type provided with ball bearing
arrangement so as to enable the rod to rotate freely ( see Note ).
NotE — During the test, it is cssential that the rods and vane are placed centrally

in the bore-hole. For this purpose guides shall be used at an interval in depth of not
more than 5 m.

2.1.6 Drilling Equipment — The equipment used shall provide a clean
hole of the required diameter for insertion of the vane to ensure that the
vane test is performed on undisturbed soil.

2.1.7 Facking Arrangement — for pushing the shoe and vane (where
required ).

NoTEe — The apparatus shall be checked and calibrated as and when required.

2.2 For Tests by Direct Penetration from Ground Surface

2.2.1 Vane — as specified in 2.1.1, In addition the vane shall be suitably
protected by a shoe ( see Fig. 2).

2.2.2 Rod System — as specified in 2.1.3 and of suitable type.

2.2.3 Extension Pipes — about one metre in length with coupling on the
outer face to case the hole.

2.2.4 Torque Applicator — as specified in 2.1.2,
NoTe — The apparatus shall be checked and calibrated as and when required.

7
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3. PROCEDURE OF TESTING

3.1 Tests from Bottom of Bore-Hole

3.1.1 Sink the bore-hcle ap to the depth required and extend the casing
up to the full depth. If the casing is loose, secure it so that it does not

move during the tests. Fix the torque applicator anchor plate to the
casing.
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3.1.2 Connsct the vane of suitable size ( see 2.1.1, Note ) to the rods and
Iower it to the bottom of the bore-hole, putting guides at suitable intervals
but not more than about 5 m as the rods are extended. Push the vane
with a moderate steady force up to a depth of five times the diameter of
the bore-hole below the bottom of the bore-hole or shoe. Take precautions
to make sure that no torque is applied to the torque rods during the thrust.
No hammering shall be permitted. Fix the torque applicator with frame
to the anchor plate and connect the rods to it. Tighten the torque appli-
cator to the frame properly. A diagrammatic vane test arrangement for
test from bottom of bore-hole is shown in Fig. 3.

3.1.3 Allow a minimum period of five minutes after insertion of the
vane. Turn the gear handle so that the vane is rotated at the rate of 0:1°%/s.
Note the maximum torque reading attained. If necessary, note the torque
indicator dial gauge readings at half-minute intervals and continue rota-
ting the vane until the reading drops appreciably from the maximum,

3.1.4 Just after the determination of the maximum torque, rotate the
vane rapidly through a minimum of ten revolutions. The remoulded
strength should then be determined ( see 3.1.3) within one minute after
completion of the revolutions.

3.1.5 Remove the vane testing assembly, continue boring, and collect
soil sample from the level of the vane testing for laboratory analysis to
ascertain whether the deposit will behave as a purely cohesive soil.

3.1.6 In case where a sleeve is not provided for the vane rod and the soil
is in contact with the rod, determine the friction between the soil and the
vane rod by conducting tests at appropriate depths using the dummy rod
corresponding to that of the vane used in the test. The test should be
conducted as with the vane except that the vane is replaced by dummy
rod. The test should be conducted in an adjacent bore-hole at the same
depth at which the vane tests were conducted. The dummy rod should
be pushed into the ground to the same distance as the vane rod at that
depth.

3.2 Test by Direct Penetration from Ground Surface

3.2.1 Lock the vane in-place inside the protecting shoe and jack or drive
it to the required depth. Care shall be taken to see that the rods remain
tight while the vane is lowered. Place guides about every 3 m to centralize
and reduce friction between the rods and extension pipes.

3.2.2 When the vane and protecting shoe have penetrated to the
required depth, push the vane steadily, without twisting, a distance of
5 times the diameter of the shoe, into the undisturbed soil below the protec-
ting shoe. Rotate the vane till the soil fails as in 3.1. A diagrammatic
vane test arrangement for testing by direct penetration from ground surface
is given in Fig. 4.
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3.2.3 Remove the torque measuring instrument and pull back the vane
fully into its protecting shoe before advancing for another test or before
being removed from the ground taking precautions that the vane is not
damaged by the shoe.

3.2.4 In the case where soil is in contact with the torque rods, deter-
mine the friction between the soil and the rod by means of torque tests
conducted on similar rods at similar depths with no vane attached. Con-
duct the rod friction test at least once on each site; this shall consist of a
series of torque tests at varying depths. A dummy should be used instead
of the vane if the vane rod is not provided with a sleeve.

4. RECORDS

4.1 Records of vane shear test shall be maintained in a suitable form
including details given in Appendix A, which gives a recommended
proforma for the record of results.

5. COMPUTATIONS

5.1 For vane testing instruments that do not read the torque directly a
calibration curve to convert the readings to Newton Metre ( centimetre-
kilogram ) of torque shall be provided. These calibration curves shall be
checked periodically.

5.2 For a rectangular vane, calculate the shear strength of the soil using -
the following formula { see Note 1 ):

M % 108 §e= M

D*H D3
eame

S=—'(_D§7f—_bf
S 6)

where
§ = shear strength in kN/m? ( kgf./cm? );
M = torque, to shear the soil in N.m ( kgf. cm ) ( corrected for
vane rod and torque rod resistance, if any );

D = overall diameter of vane in mm ( see Note 2); and
H = hcight of vane in mm ( se¢ Note 2 ).

Note 1 — This formula is based on the assumptions that (a) Shearing
strength in the horizontal and vertical directions are the same. (b) At the
peak value, shear strength is equally mobilized at the end surface as well as at
the centre and that both the top and the bottom ends of the vane take part in
shearing the soil. (c) It is assumed that the shear surface is cylindrical and
has a diameter equal to the diameter of the vane.

Note 2 — It is important that the dimensions of the vane are checked
periodically to ensure that the vane is not distorted or worn. Actual values
should be used in the caiculation.

12
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8.2.1 If H = 2D, then the formula given in 5.2 reduces to

_ M 8 i 2
S—Tl—bs- x 108 (Sin kN/m?)
S =22 % 105 (S in kgfjmt ) (See Notes 1 and 2 of 5.2).

APPENDIX A
( Clause 4.1)
PROFORMA FOR FIELD VANE SHEAR TEST
GENERAL

Project: Drilling or testing foreman:
Bore-hole No.: Supervising engineer:

(ifany )

Date of test:

DETAILS OF BORING (IF ANY)
Location: Log of soil conditions:
Reference elevation:
or
Ground clevation:
Method of making the hole:
Casced/uncased:

Level of water in the bore-hole/
level of ground water at the time
of test:

Notes on driving resistance:

DETAILS OF VANE TEST
Test from bottom of bore-hole: Test by direct penetration from
ground surface:
Vane test apparatus No.:
Vane Size: Vane constant:
Diamecter of dummy rod
(if used ):
Conversion factor for torque
measuring equipment:

13



Depth

Depth of vane tip

halsw bottom of bore
BLiI0W oollom GI DOre

hole or vane shoe

8L6L - PEFF 4 SI

Time to failure

Maximum reading
on torque measur-
ing equipment

Maximum torque

14

Number of revolu-
tions for remoulding

Shear strength of

undisturbed soil,

LN /m? (kaflcm?2)
ZN/m® (xgljems=)

Shear strength of
remoulded soil,
kN/m? (kgf/em?)

Sensitivity

D = test with dummy if used or any other test for the determination of friction of vane rod and/or torque rods.

U = test with vane in undisturbed soil.

R = test with vane in remoulded soil.
ecord of deviation from standard procedure

an irom s o3
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Time — Rotation Readings

TiMe IN MINUTES DeptH
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D =test with dummy if used or any other test for the determination of friction of vane rod and/or torque rods.
U =test with vane in undisturbed soil.
R=test with vane in remoulded soil.

Record of deviations from standard procedure, if any, with reasons.
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