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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The field vane test is used to determine the vane shear strength of soils in the undrained condition,
by insertion of a rectangular vane into fine-grained soil and rotating it. During the rotation, the
torque and rotation can be measured, depending on the test configuration. From the measured torque
and the dimensions of the vane, the peak shear strength, an indication of post-peak behaviour, and
the remoulded shear strength can be derived by a limit equilibrium analysis. Soil sensitivity can be
ascertained if peak and remoulded shear strengths have been determined.

The tests are carried out in boreholes, in trial pits and with pushed-in equipment. The torque and

rotation ar

The field
determine
local exper

e measured either above the ground surface using extension rods, or directly above thew

yane test is mainly applicable to saturated fine-grained soil. The vane shear strer
l by the test is commonly corrected before geotechnical analysis, using factoeis."based
ience.
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Geotechnical investigation and testing — Field testing —

Part 9:
Field vane test (FVT and FVT-F)
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3.1
For

ISO

Scope

5 document deals with the equipment requirements, execution and reporting of \field
Lhe measurement of peak and remoulded vane shear strength together with the sé€nsitiy

vane tests
ity of fine-

ned soils. In addition, post-peak shear strength behaviour can be evaluated, Two types of field vane

are described: the ordinary field vane test (FVT) and the fast field vane test\(FVT-F).

uncertainties of the vane test result are described in Annex D.

E1 This document fulfils the requirements for field vane tests as pdrt of the geotechnical ipvestigation

testing according to EN 1997-1 and EN 1997-2.

E2  This document covers onshore and nearshore field vanefeésting.

Normative references

following documents are referred to in the téxt in such a way that some or all of th
stitutes requirements of this document. For-dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

10012, Measurement management systems — Requirements for measurement processes and
'lpment

Terms, definitions and'symbols

Terms and definitions
the purposes of this"document, the following terms and definitions apply.
and I[EC maintain terminological databases for use in standardization at the following aq

[SO Online browsing platform: available at https://www.iso.org/obp

IEC.Electropedia: available at http://www.electropedia.org/

Pir content
pplies. For
[s) applies.

measuring

dresses:

3.1

A

cased extension rod
extension rod that is sleeved inside of protective casings (3.1.11) during vane (3.1.23) testing

3.1.

2

cased borehole
borehole that is cased to prevent collapse and minimize friction between the extension rods and soil

3.1.

3

centralizer

equ

ipment to keep the extension rods straight and prevent buckling

© IS0 2020 - All rights reserved
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3.14

data acquisition system

measuring

system, which converts physical quantities to digital format

Note 1 to entry: The system typically includes sensors, signal conditioning, an analogue-to-digital converter and
recording unit.

3.1.5
downhole

test

test configuration whereby the torque is measured close to the vane (3.1.23)

Note 1 to entry—Therotation {3- % tamr be measured close to tire vane orabove the groumnd surface:

3.1.6
external f
torque dug
caused by

Note 1 to ejf
with aslip ¢

3.1.7

friction re
ring insert
extension rj

3.1.8
insertion
distance fx
measured

3.1.9

internal f1
torque due
actingont

3.1.10
protectior
equipment

Note 1 to e
consists of

3.1.11
protective
tube that i

3.1.12

Fiction torque
to friction outside the measuring equipment during rotation (3.1.14) excluding tor
hearing of soil

try: External friction is mainly caused by friction acting on extension rods, and’it can be estim
bupling (3.1.16) immediately before engagement of the vane (3.1.23).

ducer
ed between the vane (3.1.23) and the extension rods te‘reduce friction along uncd
bds (3.1.20)

ength

que

hted

ised

om the ground surface or base of (bore)hole or.trial pit to mid-height of the vane (3.1.23

hlong the axis of the extension rods

iction torque
to friction inside the measuring eq@ipment during rotation (3.1.14) when there is no tor
he vane (3.1.23) and no friction dcting on the extension rods

| shoe
to protect the vane (3.1:23) while pushing into the soil

ry: It assists with«the insertion of the vane without drilling. Usually, the tip of the protection

t
;Lur plate slots allowing the vane plates (3.1.24) to retract inside of the protective casing (3.1.11).

casing
olates‘the extension rods from the soil and gives support against buckling

que

hoe

protrusio

fength

distance between the bottom of the protective casing/shoe and the mid-height of the vane (3.1.23)

when push

3.1.13

ed to the test depth (3.1.17), measured along the axis of the rods

push-in equipment

equipment

3.1.14
rotation

to push the vane (3.1.23) into the soil without predrilling.

change of angle by the circular movement of the vane (3.1.23) around its axis

Note 1 to entry: Apparent rotation is the rotation recorded by the rotation measurement equipment.

© IS0 2020 - All rights reserved
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3.1.15
rotation rate
rate of angular rotation (3.1.14) of the vane (3.1.23)

3.1.16
slip coupling
mechanism that allows the extension rods to rotate freely while the vane (3.1.23) remains stationary

Note 1 to entry: The function of slip coupling is to separate the rod friction from vane torque resistance. A slip
coupling mechanism shall provide free rotation with minimal friction.

3.1417
test depth
vertical distance from the ground surface, reference level or datum to the mid-height of the vgne (3.1.23)

Not¢ 1 to entry: According to Annex G, the insertion length (3.1.8) can be corrected with ipclinometer
megdsurements to correspond to the corrected test depth. Otherwise, the test depth i§ based on th¢ sum of the
lengths of the extension rods from reference level or datum owing to the uncertainty\of inclination.

3.118
testlocation
plaf position of a test or series of tests

3.1119
timie to failure
timg from the beginning of application of torque to the vane\{3.1.23) until the maximum torqug is reached

3.1{20

undased extension rod
exténsion rod that is not protected by protective casing allowing friction to develop bgtween the
exténsion rods and the soil

3.1{21
undased vane
vang (3.1.23) pushed into the ground without protection

3.1{22
uphole test
tesf configuration whereby\the torque is measured above the ground surface

Notg 1 to entry: The rotation (3.1.14) is applied and measurements registered above the ground surface.

3.1{23
vane
devjice formé€d)by four vane plates (3.1.24) fixed at 90° to each other

3.1{24
varlelplate
thinand flatrectangutar ptate

Note 1 to entry: Most vanes (3.1.23) have a (nearly) rectangular shape. For practical reasons, vanes without
protection shoes (3.1.10) often have slightly tapered lower ends of the vane plates or with rounded corners. Some
equipment using uncased extension rods (3.1.20) and a slip coupling (3.1.16) to separate the rod friction from the
torque on the vane are designed with slightly tapered, sharpened, pointed or conical, vane plates in order to
disengage the slip coupling during the pushing stroke.

3.1.25
vane shaft
cylindrical element of the vane (3.1.23) to which the vane plates (3.1.24) are fixed

Note 1 to entry: The vane shaft may be connected directly to the force or torque measurement equipment in a
downhole test (3.1.5) or connected to it via extension rods in an uphole test (3.1.22).

© IS0 2020 - All rights reserved 3
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3.1.26

waiting time
time between reaching the test depth (3.1.17) and beginning of application of the torque to the vane

3.1.27
zero shift

difference between the internal friction torque (3.1.9) readings of the measuring equipment prior to and
after completion of the test

3.1.28
sensitivity
ratio between the undisturbed and remoulded undrained shear strengths
3.2 Symbols
Symbol Name Description Unit
A one,bott Lateral shear surface area of the bottom cone mm?
Acone top Lateral shear surface area of the top cone mm?
Aylinder Lateral shear surface area of the cylinder mm?2
a Measured total angle between the vertical axis\and the axis of °
the vane
By Measured angle between the vertical axis'and the projection of the |°
axis of the field vane on a fixed vertical plane
B, Measured angle between the verticalaxis and the projection of the |°
axis of the field vane on a verticaljplane that is perpendicular to
the plane of angle f;
C Protective casing |Defined by term 3.1.11
Cy Undrained shear |Shear resistance of fine=grained soils in the undrained condition |kPa
strength
Cty Field vane Peak shear strength of soil, derived from the maximum torque kPa
strength measured by(field vane test
Cry-f Fast field vane Peak shear strength of soil, derived from the maximum torque kPa
strength measurediby fast field vane test
Cpv Post-peak field Post-peak shear strength of soil, selected after desired rotation kPa
vane strength after field vane strength
Cry Remoulded field\{Shear strength, as measured by field vane test, after remoulding |kPa
vane strength the soil
D Downholediieas- |Equipment for measuring torque and rotation are located close to
uring eqiiipment |the vane
D* Downhole meas- |Equipment for measuring torque is located close to the vane,
uripgequipment |but equipment for measuring rotation is located above the
ground surface
D Diauxctcu Uf t}ll: vdlltT IIITIT
d Diameter of vane shaft immediately behind vane mm
D, Diameter of lower end of protective casing mm
Dy Diameter of protection shoe mm
F Friction reducer |Defined by term 3.1.7
H Height of the vane mm
Hp The height of the vertical side of the tapered vane excluding mm
the height influence of tapering(s).
it Angle of the taper at vane top °
ig Angle of the taper at vane bottom °
4 © IS0 2020 - All rights reserved
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Symbol Name Description Unit
R Rotation unit Rotation unit can be located close to the vane or above the
ground surface
R, Area ratio Cross-sectional area ratio of vane and vane shaft compared to —
circular shear surface
r Radius of the rounded corner of the vane plate mm
I'cone,bott Lever arm of the lateral surface of the bottom cone of shear surface [ mm
I'cone,top Lever arm of the lateral surface of the top cone mm
I'eylinder Lever arm of the lateral surface of the cylinder mm
Slip coupling Defined by term 3.1.16
fv Field vane The ratio between the field vane and remoulded field vane —
sensitivity strengths
s Thickness of the vane plates mm
T Torque Torque measured during vane rotation, corrected for external Nm
friction torque reading
Teone bott Component of torque required to shear the bottom cone of the Nm
shear surface
Teoe top Component of torque required to shearthe top cone of the shear ||Nm
surface
Teolner Component of torque required teyshear a quarter circular shear Nm
surface
Teylinder Component of torque required to shear the side surface of the Nm
cylinder
T, External friction |Stable output of measuring equipment during rotation when there||Nm
torque reading is no torque acting-on the vane (usually measured prior to the
vane engagement by slip coupling)
Tod External friction |Stable output'of measuring equipment during rotation after Nm
torque reading  |remouldingthe soil when there is no torque acting on the vane
after remoulding |(usuallymeasured prior to the vane engagement by slip coupling)
the soil
Tind Internal friction |Stable output of measuring equipment during rotation when there||Nm
torque reading i$ no torque acting on the vane and no friction acting on the exten-
prior to test sion rods
Tk Maximumterque |Torque required to obtain failure in the soil around the vane, Nm
corrected for internal and external friction torque reading(s) if
relevant
T das,max Maximium Measured torque required to obtain failure in the soil around the [|Nm
measured torque |vane, including external friction. The maximum torque (7,,,,) can
be calculated by subtracting T, from
Tmeas,max (Tmax = Tmeas,max B Text) OtherWise Tmeas,max iS Tmax
Tndaipv Measured post- |Measured post-peak torque selected after the desired rotation Nm
ppnl{ torque (pncf pp:\]{ cfrnngfh mpncnrnmnnf) inr]llﬂihg external friction
torque. The post-peak torque is calculated by subtracting T, from
Tmeas,pv (Tpv = Tmeas,pv B Text) otherwise Tmeas,pv 1S Tpv
Theasrv Measured torque |The constant measured torque value after remoulding including |Nm
for remoulded external friction torque. The torque for the remoulded condition
conditions is calculated by subtracting Toy from Ty (Trv = Tineas,rv = Texd)
otherwise T oa5 v 1S Try
Tylate Torque caused by shearing of circular plate shear surface Nm
Tyy Post-peak torque |Post-peak torque selected after maximum torque, corrected for Nm
internal and external friction torque reading(s) if relevant
T., Torque for Measured constant torque value after remoulding the soil, correct- |Nm
remoulded ed for internal and external friction torque reading(s) if relevant
conditions

© IS0 2020 - All rights reserved
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Symbol Name Description Unit
T Shear stress Stress acting along the failure surface due to external shear force |kPa
§) Uphole A continuous torque measuring equipment located above the
measuring ground surface at the point for insertion of the vane
equipment
w Mechanical A torque wrench or a dial indicator spring with variable lever arm
measuring
device
X Protective casing |Protective casing defined by term 3.1.11 and accordingly protec-
with protection tive shoe by term 31 10
shoe
4 Equipment and configurations
4.1 Testlequipment
The test equipment shall include a vane and vane shaft, extension rods, rotation unit and a rotatjon/
torque medsuring equipment.
Accessoriep to the test equipment may include:

aslip d
a prote

a protg

which are
measure th

4.1.1 Va

The vane s
Figure 1.

NOTE1
The shape

NOTE2 4
is given in A

a friction reducer;

oupling;
ctive casing;
ctive casing with protection shoe,

used to increase the insertion length that can be achieved and will reduce or enabl
e friction in the system.

he and vane shaft

hall consist of four identicalyjvane plates fixed at 90° to each other with a tolerance of +1°,

or practical reasonsi-uncased vanes can have rounded corners or can be tapered.
should be rectangular with an H/D ratio of 2.

A\n example.of a mould to measure and verify the dimensions and H/D ratio requirements of the ¥
nnex C,

e to

see

fane

T[T

D/2(D/2

Figure 1 — Principal design of the vane
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For testing of soils with a sensitivity more than 30, the vane plate thickness s shall not exceed 2 mm.
For testing of soils with a sensitivity less than 30, the vane plate thickness may be thicker but shall not
exceed 3 mm. For vane plates with a plate thickness exceeding 2 mm, the vane edges shall be sharpened
with 45° edges, as shown in Figure 2.

Dimensions in millimetres

>

T T -
J N %

Key
1 |rotation direction

Figure 2 — Principle for sharpening the vane bladeés for rectangular vane

The diameter of the vane shaft immediately behind the vane should be less than 16 mm for tgsting soils
with a sensitivity more than 15 and at a maximum 20 mmfor testing soils with sensitivity lgss than 15.

The diameter of the vane shaft, including welding sedams in the centre of the vane, shall be snall enough
to minimize the effects of disturbance on the measured torque.

NOTE 3  Disturbance causes a loss of peak shearstrength of fine-grained soil, which increases with increasing
sengitivity of the soil.

The length of the vane shaft above the vane shall be at least 5 times the difference of the dianpeter of the
fricfion reducer/slip coupling/extension rod and the diameter of the vane shaft for testing goils with a
senfitivity higher than 15.

NOTE4  For non-sensitive soils, the friction due to the vane shaft can be reduced by assemblinjg a friction
rediicer or slip coupling close te'the vane, as the disturbance is not as relevant.

The diameter of the‘vane shaft can gradually increase to the diameter of the friction rgducer/slip
coupling/extensionreds over the length of the vane shaft.

4.1)2 Friction reducer

The diameter of the friction reducer shall be at least 15 % larger than the diameter of the¢ extension
rodp to,reduce the friction between the extension rods and the adjacent soil.

4.1.3 Slip coupling

The slip coupling should be equipped with bearings. The structure shall prevent soil from entering the
slip coupling.

The distance between the top edges of the vane plates and bottom part of the slip coupling should be at
least 5 times the difference of the diameter of the vane shaft and the slip coupling.

4.1.4 Extension rods, protective casings, protection shoe

Extension rods shall have a torsional stiffness large enough to transmit torque from the rotation unit to
the vane. Joints, through which torque is transferred, shall be tightened to a higher torque than needed
to reach the maximum torque in the soil.

© IS0 2020 - All rights reserved 7
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The diameter of the extension rods, to be inserted into the soil, should be less than 25 mm. Rods with
larger diameter may be required to increase the horizontal stiffness to prevent bending.

In the downhole configuration, the measuring unit can be covered by a protective tube attached to
protective casings and the unit is installed between the vane shaft and the extension rods.

Protective casings shall have a torsional stiffness large enough to transmit reaction torque from downhole
rotation to the ground surface, where the casings are fixed. Joints, through which torque is transferred,
shall be tightened with a higher torque than is needed to reach the maximum torque in the soil.

Friction between the casings and the extension rods shall be minimized by, e.g. greasing and/or the
use of centfralizers. T he internal diameter of the protective casing snould be large enough to makejrod
friction negligible and to guide the extension rods vertically straight during insertion of the vane’|nto
the soil.

The sealing assembly at the lower end of the casing or protection shoe shall prevent soil frem entefing
between the extension rods and casings. The sealing assembly at the lower end “0f the casing or
protection|shoe should not significantly increase friction during the vane rotation.

4.1.5 Rotation unit

The rotatipn unit shall be capable of applying rotation to maintain torque sufficient to fulfil [the
requirement of the test.

4.1.6 Equipment for measuring rotation and torque
The equiprpent for measuring rotation and torque shall fulfil the requirements specified in Table 1.
The recording should be automatic.

The measulring range for the angle of rotation shall be'360°.

Table 1 — Minimum requiremeénts for measuring equipment accuracy

Vane shear Angle rotation Torque .
a Rotation mode
strength aceuracy accuracy
kPa ° Nm —
<10 0,1 0,2 Constant rate of rotation
10 to 40 0,1 1 Constant rate of rotation
40 to 100 0,2 3 Constant rate of rotation
. Constant rate of rotation/
>100 Not applicable 7,5 rotated by hand
a  Higher torque accuracy can be needed to measure very low remoulded strengths or very
low external friction torque values when using equipment with a slip coupling.

4.2 Test configurations
The test equipment can be configured in a number of combinations, see Figure 3.

The vane equipment and accessories may be configured in either uphole or downhole configurations.
Typical configurations are illustrated in Figure 3 and Table 2.

In the uphole configuration, the equipment for measuring torque is located above the ground surface.
Torque can be measured by a torque wrench or a dial indicator spring with variable lever arm or by a
continuous torque measuring equipment.

In the downhole configuration, the equipment for measuring torque is located close to the vane. The
equipment for measuring rotation can be located either close to the vane or above the ground surface.
The rotation unit can be located close to the vane or above the ground surface.

8 © IS0 2020 - All rights reserved
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Figure 3 — Configurations of field vane test

NOTE

All configurations without slip coupling and protection shoe can be equipped with friction reducer.
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Table 2 — Configurations of field vane test

Configurations Measurement Torque transfer Recordings
w Uphole measurement of Transfer of torque by uncased |Maximum torque
maximum torque extension rods without slip
coupling
WS Uphole measurement of Transfer of torque by uncased |Maximum torque
maximum torque extension rods with a slip
Touphng
U Continuous uphole measurement | Transfer of torque by uncased |Torque - apparent fotation
of torque versus rotation extension rods without slip
coupling
SN Continuous uphole measurement | Transfer of torque by uncased |Torque - apparent rotation
of torque versus rotation extension rods with a slip
coupling
uc Continuous uphole measurement | Transfer of torque by cased Torque - apparent rotation
of torque versus rotation extension rods
8):¢ Continuous uphole measurement | Transfer of torque by cased Torque - apparent rotagion
of torque versus rotation extension rods
D Continuous downhole measure- |Transfer of torque byan'un- |Torque - apparent rotation
ment of torque and continuous |cased extension rod
uphole measurement of rotation
D* Continuous downhole measure- |Transfer of toapque by an un-  |Torque - real rotation
ment of torque versus rotation |cased exteiision rod
with uphole rotation
DX Continuous downhole measure- |Transfer of torque by a cased |Torque - apparentrotation
ment of torque and continuous |extension rod
uphole measurement of rotation
D*X Continuous downhole measure‘. | Transfer of torque by a cased |Torque - real rotation
ment of torque versus rotation” |extension rod
with uphole rotation
D*RX Continuous downholeneasure- |No transfer Torque - real rotation
ment of torque verysSustotation
with downholeretation
NOTE Test fonfiguration W and WSallow the use of a torque wrench rotated by hand.
5 Selection of equipment and test configuration
5.1 Selection.of equipment
The size of{the' vane should be selected so that the maximum torque value during testing exceeds 2P %

of the full-scale range of the torque measuring equipment.

The area ratio of the vane and vane shaft R, should not exceed the maximum area ratio in Table 3. The
area ratio is defined in Formula (1):

8-s-(D—d)+m-d?

R =

a n-D?

10

ey
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Table 3 — Maximum area ratio R, for vane dimensions

The sensitivity of the soil Maximum area ratio
for disturbance R,
>30 0,12
15 to 30 0,15
8to 15 0,20
<8 n’ 35

NOTE Value of sensitivity can be based on local experience or
previous test data, e.g. fall cone test or FVT.

5.2 Selection of test configuration

The test configuration should be selected taking account of the anticipated @round conditiops, the test
depiths required, the parameters to be obtained, and the acceptable level of uncertainty in tle results.

If ppssible, the rotation of the vane should be measured just above thie’/vane. Otherwise, thle apparent
rotation of the vane may be measured at the torque head at the sugface.

Varfe tests carried out according to 6.8 provide the parametef @y, for the field vane test (FT) and the
parpmeter cg, ¢ for the fast field vane test (FVT-F). The fast\field vane test is only permitted with test
configurations U and W.

The test configurations should be selected, considéring the recommendations in Talple 4. Test
configurations are explained in 4.2.

Table 4 — Application-of field vane test configurations

T Recommended Confidence level
est maximum
Configuration | ;. o tion lerigth | Crv <100KkPa cry > 100 kPa Cry-
D*RX
DX/D*X =230 m High Medium Not applicabjle
D/D*
UX
e 30 m High Medium Not applicalle
N 15m Medium Low Not applicalle
U 0,5m High Medium Low
WS 3m
Medium Medium Low
\"\% 0,5m

NOTE 1

the use of larger vanes results in higher accuracy, but a smaller measuring range.

NOTE 2

results generally increases with increasing insertion length.

The accuracy of the vane test is significantly linked with the dimensions of the vane used in the test;

Uncertainties in field vane testing are listed in Annex D. The relative impact of uncertainties on the

NOTE 3 Conducting the vane test in cased boreholes with centralizers decreases uncertainties due to rod
friction and bending of the extension rods.

NOTE4 A higher confidence level in the results of field vane tests can be achieved when sampling and
identification are performed in the same geological unit, appropriately close to the vane position.

Centralizer should be used when the test depth is greater than 5 m, and the test is performed in cased
or predrilled boreholes.
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The centralizer should not significantly increase the torque required to rotate the vane.

6 Test procedure

6.1 Equipment checks and calibrations

Prior to each test, a check of the condition of the equipment shall be carried out according to Annex C.
The diameter and the height of the vane shall be measured before testing and values shall be recorded.

6.2 Pos

The horizo[tal distance between the test location and the location of any previous investigation‘pojints

should be ¢

The horizopntal distance between the test location and the location of any previous invéstigation sh

be at least
as drilling
larger dist

The thrust
as possible
starting to

6.3 Test

Before pus

The minimum insertion length shall be twice the vane height or 0,2 m, whichever value is greater.

The mininj
greater.

6.4 Inte

For all test]
ground sut
to compen

6.5 Metl

Prior to fi
accordancg

Predrilling

nough to prevent interaction effects.

1 m and at least 2 m for tests at depths of more than 5 m. Some drilling’techniques, 9
with air or water flushing medium, or recent ground improvement measures, can req
hinces to avoid interaction effects.

machine should push the vane so that the axis of the pushing«force is as close to vert

push down the vane.

depths

hing or drilling, the anticipated depths of the tests'shall be determined.

um vertical spacing of tests shall be.twice the vane height or 0,2 m, whichever valu

rnal friction torque reading prior to testing

configurations, except W and WS, the internal friction torque shall be measured above
face before insertion ofithe vane into the soil. The measuring equipment shall be set to 7
sate for the internal friction torque prior to testing.

nods for reaching the level for insertion of the vane

bld vane testing the overlaying material may be removed by excavation or predrillin
with 1SO22475-1 or vane testing may be carried out by push-in equipment.

or’ excavation should not disturb the soil to be tested, and the vane should be inserted

uld
uch
lire

ical

. The maximum deviation of the rod system from vertical Jine’shall not exceed 2 % when

e is

the
ero

]

for

fion

testing wi

hout undue delay. The applied method and time between reaching the level and inser

shall be reported.

The following methods may be used, see Figure 4:

a)

Pre-drilled boreholes illustrated in Figure 4 a): Pre-drilling shall be stopped before reaching the

test depth in accordance with 6.3. The water pressure should be the same or higher inside the
casing system or borehole as that in the soil at the test level during the test. Details of groundwater
observations and flushing shall be reported.

b)

accordance with 6.3. Details of groundwater observations shall be reported.

Trial pits illustrated in Figure 4 b): Excavation shall be stopped before reaching the test depth in

Push-in equipment with a protective casings equipped with or without protection shoe illustrated

in Figure 4 c): Initially insert the equipment into the soil by pushing the casings down while the

12
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vane and extension rods are at a fixed position within the casings. Stop pushing at a depth of 5 times
the diameter of the lower end of the protective casing before reaching the test depth. On reaching
the insertion level, insert the vane using the extension rods, while casings are fixed in elevation.
After the vane testing, pull back the vane into the protective casing/shoe and continue by pushing
down the casings while extensions rods are fixed within the casings. This procedure is repeated at
each test depth. The protrusion length should be limited so that the rod friction can be assumed to
be negligible or the external friction torque shall be measured.
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1
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Key
A insertign length
1 vane 4  protective casing cased borehole, if necessary
2 vane sHaft 5 protection shoe test depth
3  extension rods 6 lower end of the casing trial pit

Figure 4 — Methods for reaching the level for insertion of the vane

6.6 Insertion of the vane

For configuration WS and US where a slip coupling is used its operation should be checked by carefully
rotating the extension rods in the opposite direction to that used during the vane test itself. The slip
coupling shall be disengaged before insertion of the vane into the soil.

The vane shall be clean and have a temperature greater than 0 °C before insertion.

14

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=40aa726d88494ad43f493aa1781fd2fe

IS0 22476-9:2020(E)

The vane should be pushed straight down to the test depth at a constant rate not exceeding 25 mm/s,
without the use of blows or vibration. In fine soils of high undrained shear strength and in gravelly
and stony fine soils, light WS and W equipment may be driven using handheld equipment to reach the
test depth.

If the test depth cannot be reached due to obstruction, e.g. gravel, the vane should be pulled back into
the protective casing and pushed down a further 0,5 m keeping the vane protected. If this succeeds, the
vane can be pushed out from the protective casing and testing can be continued. In case of testing in a
borehole or trial pit, drilling or excavation can continue until the obstruction is overcome and testing
can be continued.

After the vane is inserted to the test depth, unnecessary movement and vibration of thexgds shall be
avojded.

6.7| External friction torque reading

For|test configurations with a slip coupling, the external friction torque shall be'recorded immediately
befgre the vane test at each test depth.

Befpre testing, the functionality of the slip coupling shall be checked-by rotating by hand| If the slip
coupling cannot be freely rotated, it shall be maintained or replacedk

Aftér insertion of the vane to the test depth, rotate the extension rods above the slip coupling and
rec¢rd the external friction torque reading immediately beforethe vane is engaged.

6.8 Vane shear test
The axis of the rotation should be straight during vane tests.

The time from the moment the test depth has\been reached to the beginning of the vane test (waiting
timg) should be no more than 5 min.

Devjiant waiting times shall be recorded with the test result.

Thetime from the engagement of vane'to failure should be 2 minutes and shall not be less than [l minute or
mote than 3 minutes. The measured field vane strength shall be recorded as a result of the varje test, cg,

NOTE1 The constant rotation rate is selected so that the failure of the soil occurs in undrained cpnditions in
finefgrained soil.

Thq rotation of the €ane is continued until the total rotation of vane is 100°, or the desired|rotation is
reathed. Duringthe)rotation of the vane, its elevation shall be kept fixed.

The test maybé terminated after reaching the maximum torque or after a specified rotation|if the post-
peak behawieur and/or remoulded strength are not required. Rotation should be continued 1gng enough
to He sure’that the failure condition has been reached.

For canfiogurationc W And IT +thao nen nf o factnyryunnn rotatingy o Hivan Af il Af A ag i A 1 0 1 min
o Ut eoRS—v—ahauotie-Hse S y ,

O ootV O itc T O tO IOt o CIiirc o oot - oo p pT ozt

is allowed in fine soils with a sensitivity <15. The measured field vane strength shall be recorded as a
result of fast vane test, cy, .

NOTE 2  The test phases are explained in Annex A.

NOTE 3  The vane rotation rate can be considered when applying transformation models to shear strengths
measured by other methods.

NOTE4 The data recorded after reaching the peak shear strength can offer valuable information on soil
behaviour.

In the remoulding phase, the vane shall be rotated, at least 10 turns, at any speed above the rotation
rate used during the peak shear strength phase. In the remoulding phase, torque measurements are not
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required, and no shear strength parameters are determined. The remoulding phase may be shortened
if the torque is measured during this phase and the torque decrease is less than 5 % per two rotations.

After the remoulding of the shear surface, in the remoulded phase, the vane shall be rotated at the same
rotation rate as used in the peak shear strength phase to obtain the remoulded shear strength. The
vane should be rotated until the maximum torque for remoulded conditions T, is reached.

After the desired vane strengths are measured, the slip coupling (if used) should be disengaged by
rotating the extension rods in the opposite direction to that of the vane shear test, before continuing to
the next depth.

For readin

During tes
time will a

6.9 Inte

The intern
surface. Th

NOTE1 4
testing (6.4]

dq

J

NOTE 2
of dirt into

the requiredl torque accuracy in Table 2 has not been achieved.

7 Test results

The failurg
vane and {
be fully m
cylinder, sg

Any deviat
the H/D raf

NOTE1 1]
formulae fo

P WIth an mdicator spring, correction 1s needed due o the variation or the lever arm.

ting, plotting the recorded torque versus the rotation angle and measured torgue, Vet
5sist in managing the test and will assist in the interpretation of the results.

rnal friction torque reading after the test

bl friction torque reading shall be repeated after the vane is pulled back above the gro
e zero shift shall be recorded.

\s the measurement equipment was set to zero to compensate for the-internal friction torque pri
the zero shift is equal to the value of internal friction torque aftef testing.

ignificant change in internal friction torque readings can be“an indication of overloading, intru|
he measurement equipment or inherent errors of the system. A significant change can indicate

surface for a rectangular vane is assumed to be a cylindrical surface circumscribing
he two planes on the top and bottom“of that cylinder. The shear strength is assume
pbilised, constant and uniform at:failure around the perimeter and across the ends of

e Figure 5.

ion from the rectangular shape shall be accounted for in the evaluation. If the deviatio
io is more than 2 %, the-vane shear strength shall be evaluated in accordance with Anns

'he general equation for different H/D ratio and tapered vane is given in Annex E. Annex F pres|
" vanes with rounded’corners.

1

L

sus

und

rto

Kion
that

the
] to
the

h of
x E.

Pnts

Key
1
2

vane

16

e

shear surface

Figure 5 — Assumed failure surface for vane with rectangular vane plates
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The measured torques shall be corrected by external friction torque when a slip coupling is used; see
Figure A.1.

NOTE 2  The torque values used to calculate the shear strengths are indicated on a typical torque versus
rotation curve in Annex A.

For rectangular vanes with H/D = 2, the peak shear strength value ¢, (kPa) of the soil shall be
determined by using Formula (2):
6000000

Cry = 7.1-D3 Tmax (2)

The post-peak shear strength value ¢, (kPa) shall be determined by the same formularreplacing T,
with T .:
pv

ax

_ 6000000

va 7.7-D3 Tpv (3)

Theg remoulded shear strength value ¢, (kPa) shall be determined by the same formula repjacing T,
with T,

ax

_ 6000000

Crv = 7.1-D3 Trv (4)

NOTE3 By registering the torque as a function of rotation, information is obtained on the mode|of failure of
the poil.

8 |Reporting

8.1 General

The following reports shall be completed:

— |the field report (to be completed at the project site);
— |the test report;

An e¢xample for a field report is given in Annex B.

The test report for EV-F shall include plots of test results, in accordance with 8.3, if applicabl

1%

Test results shouldbe presented in an easily accessible format, for example in tables or as fa standard
archive schemg: Presentation in digital form is recommended for easier data exchange.

8.2| Reporting of test results

8.2.1 General information

Field Test Every
report report plot

a) Reference to this document X X
b) Deviation from this document (e.g. specific test configurations etc.) X X
c) Projectidentification (job number, name and location of the project) X X X
d) Name of field manager responsible for the project X

e) Name of equipment operator executing the test X
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8.2.2 Location of the test

Field Test Every
report report plot

a) Identification of test (borehole number) X X X
b) Local or general coordinates X
c¢) Reference system and tolerances X
d) Methods for reaching level for insertion of the vane, borehole diameter, depth X X

of borehole or trial pit, backfilling

8.2.3 Tept equipment

Field Test Eve
report report pld

a) Field vlane test type (FVT of FVT-F) X X X
b) Test cqnfiguration (for example UX)

<

c) Identification number, geometry and dimensions of the field vane

d) Identification number of the torque measuring equipment

e) Torqug¢ and rotation measuring ranges of the equipment

f)  Date of latest calibration and calibration factor of the sensors

Ko X XS] X
T T I I T I

g) The frg¢e travel of the slip coupling in degrees

8.2.4 Tept procedure

Field Test Every

report report plat
a) Date of the test X X X
b) Test d¢pth (corrected or uncorrected) X
c) Protrysion length or insertion length X

d) Stop criteria applied, after determining peak or remoulded shear strength

R R
SRR

e) Obseryations made during or afterthe test, for example:
— inkidents,
— abhnormal wear of the vane,
— d3mage to the vane;
— hilgh interp@l’or external friction torque readings,

— indicatiefts of contact with stone or gravel,

— impn':cihlp to rotate the vane
— impossible to penetrate the vane,

— any evidence of ground improvement in the vicinity of the test.
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Field Test Every

report report plot
a) Measured torque X X
b) Rotation rate in the peak shear strength phase and the remoulded phase X X X
c¢) Rotation to failure (at peak shear strength) X X X
d) [Timeto fafiure (at peak shear Strength) X X X
e) | Rotation at remoulded shear strength X X X
f) | Peak and remoulded shear strength X X
g) | Sensitivity (5) according to the field vane tests X
h) | Zero shift for D*RX, D*X, DX, D*, D, UC, UX, US, U X X
i) | Rotation of post-peak strength or other required reading X
j) | Time to reach post-peak strength or other required reading X X
8.3| Presentation of test plots
The presentation of FVT results in the plot may be split into tWwoJor three parts: the peak shear strength

phalse, the remoulding phase (if there are measurements).and the remoulded phase.

Thd

graphical presentation shall consist of shear stress versus rotation angle and shear sti

timp when measured.

Thd

Add

following axis scaling should be used:

Rotation during the peak shear strength’/phase, the post-peak 1 cm = 20°

behaviour phase and the remoulded phase

Rotation during the remouldingphase (if relevant) 1 cm =400°%

Shear strength from the field vane test

itional plots at different scales may be used to assist presentation, providing that p

recommended scaleS-are included.

€SS versus

1 cm = 10 % of equipment
measurement range.

lots at the

©IS
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Annex A
(informative)

Test phases

Before the performance of the test, the information to be derived from the test shall be specified. This
can include-the-peak-shear-strensth—posi-peak-behavicur-andlorremoulded-shearstrenasth—as-shown

TP oI oTICo T ot T g o p oSt Pttt ot T O O T eI o o o e o oTIC o Ot TG o ooy

in Figure A.1.

Y__

Tmeas,max

*
Text

Key

phase t¢ measure external friction torque reading when a slip coupling is used
phase t¢ obtain maximum resistance of soil

phase t¢ determinate post-peak behaviour

phase t¢ remould soil

phase tq measure external friction torquie reading before remoulded measurements when a slip coupling is fised
phase t¢ measure torque for remoulded conditions
rotation

=X oY U1 A W N R

torque

Figure A.1 — Typical graph of measured torque versus rotation for the equipment with slip
coupling

The vane ghould be rotated at a same constant rotation rate during peak shear strength, post-geak
behaviour and remoulded strength phases.

The post-peak strength can be determined according to Annex H.
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Example of field report for field vane test

The user of this report can copy this present form.

Gerneral information:
Test performed according to Deviation from
ISQ 22476-9: YES / NO I1SO 22476-9: YES / NO
Depcription of
deyiation:
Contractor: Job number/ Date:
Name of the
project:
Eqpipment Client:
operator:
Test number: Borehole:
Coprdinates and
cogrdinate system:
Weather: Groundwater below m
starting point:
Predrilling of Made Deseription of Depth of
Ground or dry soil predrilling: m
cryst: predrilled:
YEp / NO
Test type and Identification Torque
configuration: number of measuring Nm
the measuring range:
equipment:
Rotation Date of last Free travel of
measuring range: o|calibration: slip o
coupling
ifused:
Calibratien-factor of the sensors and unit of measurement:
Torque: Rotation: Inclination:
Deseription-efmeasuring
equipment (Manufacturer, type of
rotation unit, recording):
Other:
© IS0 2020 - All rights reserved 21
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Vane details:

Angle of taper Radius of Conversion
Vane |Shape (rectangular, 8 p factor to shear
H/D atvane rounded corner
No. tapered, rounded) stress, shear
top/bottom of the vane
stress
— — mm ° mm kPa
/ /
/ /
l/ I/
Other:
Rotation rjate in strength phases and unit of measurement:
Rotation rjate in remoulding phase and unit of measurement:
Measured|values:
Protrusion Stop T Stop T
Vane ! or criteria (oax Time to crite- rv
No. Teptdepth insertion Text | Tmeas,max for T ..s max capetted failure Tmeas,rv ria for | €°0Ver ed
’ to cg, toc,
length Tmeas,rv
— m m Nm Nm — kPa s Nm — kPa

Zero shiftjand unit of measurement:

Other dat4:

Notes:

Signature:

Name of the equipment operator or field manager:

22
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Annex C
(normative)

Maintenance, checks and calibration

C.1—General

Metrological confirmation, according to ISO 10012, shall apply to the vane shear test. Guidellnes for the
vang shear test are included in C.2 and C.3 below.

C.2 Checks and Maintenance Procedures

C.2|1 Straightness of extension rods and casing
The straightness of the extension rods shall fulfil the following:

— |the extension rods shall not deviate by more than 2 mm fronithe centreline over a lengthjof 1 m; this
applies also for connected extension rods with a smallerJerigth;

— |two connected extension rods shall not have a maximiim thread eccentricity exceeding [l mm.
Befpre testing, the straightness of the extension rods.shall be checked by one of the followinig methods:

— |holding the extension rod vertically and -rotating it (if the extension rod appears to wobble, the
straightness is not acceptable);

— |rolling the extension rods on a plané-surface (if during rolling the distance between afy point on
the rod and the surface exceeds.the-specified tolerances in the straightness, the straightness is not
acceptable).

Theg above requirements are yalid for 1 m long extension rods. If other lengths of extension r¢d are used
for gpecial purposes, the requirements should be adjusted accordingly.

Othfr methods of visual-ehecking of the straightness may be used.
0

Profective casingsshall fulfil same straightness demands as extension rods.

C.2|2 Vanerequirements

The vanéishould be undamaged during the test. The vane plates shall be parallel with th¢ extension
rodk and without visible distortion. The condition of the vane plates shall be checked prior fo each test

I sleries ofteste narlacation Iftho damaagoic ahcarvad it chall ho ranartad with tho tact ra lt
(0} e s-0++testSPper+ocdtioh—+the-adiadgeIS-obBserve a1 Shat-befFeporteawiththe+testresu S.

For example, the mould shown in Figure C.1 can be used for testing the vane for requirements given in
4.1.1 together with visual inspections. The values of the general Formulae (2) to (4) for torque conversion
to shear stress should be in accordance with Formulae (C.1) and (C.2), to meet the requirement of the
maximum allowed deviation of 2 % for H/D ratio of 2. While the height of the vane (H) is first measured,
the diameter of the vane (D) should fulfil Formula (C.1). Accordingly, while the diameter of the vane is
first measured, the height of the vane should fulfil Formula (C.2).

H/1,96<D<H /2,04 (C.1)

1,96:D<H<2,04-D (€.2)
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2 C.1 — Example of the mould for vane requirements and dimension checks where
dimensions are in centimetres and angles in degrees

intenance procedures

calibrations shall be carried out in accordance with the schedule in Table!€.1. The frequg
plibrations may only be reduced if documented evidence is available to show that
remains constant over the revised period. Shorter intervals should'be used if recommen
ufacturer.

Table C.1 — Schedule for checks and calibrations

ncy
the
ded

Start of test End of test
Routine per test per test Every
Re, p 12 month¢
position position
Check of exftension rods, protective casing and shoe, <
borehole cgsing, push-in-mechanism, bearings etc
Check of vane plates and shaft
Check of slilp coupling, if used
Calibrationftorque measurement x3a
Calibration|rotation measurement x*a
a  Or after|overloading, observing damage.or-repair.

During the|fieldwork, checks on the-performance of the equipment shall be carried out at least once
location arjd once per day. Furthérmore, performance checks and calibration should be carried o
the operat¢r suspects overloading of the load sensors or loss of calibration.

per
1t if

C.3 Calipration

C.3.1 Geperabprocedures

The calibn ted
transducers, data acquisition system, cables, etc. Preferably calibration should be performed as “system
calibration”: using the same data acquisition system, including cables, as in the field test, to enable a
check of possible inherent errors of the system.

tians for measuring equipment shall include the whole measuring system: mou

The metrological properties of the measurement system should comply with the requirements in
[SO 10012.

C.3.2 Calibration of torque measuring equipment

The torque measuring equipment shall be calibrated by incrementally loading and unloading the field
vane, while measuring the applied torque. The calibration factor is determined from the relationship
between the applied torque and the reading from the measuring equipment.
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Before the first use of the torque measuring equipment or system, the sensors shall be subjected to
15 to 20 repeated loading cycles up to the maximum load, before the actual calibration is carried out.

C.3.3 Calibration of rotation measuring equipment

The rotation measuring equipment shall be calibrated by incrementally loading and unloading the field
vane while measuring the applied rotation. The calibration factor is determined from the relationship
between the applied rotation and the reading from the measuring equipment.

Before the first use of the rotation measuring equipment or system, the sensors should be subjected to
15 to 20 repeated loading cycles up to the maximum load, before the actual calibration is carried out.
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Annex D
(informative)

Uncertainties in field vane testing

A range of uncertainties may be encountered during field vane testing, which will affect the validity of

the resu]tc TabhlaD 1 bictctha caonreac of i cnrtatnty and neavidac gnidanecn o thote painiaic oy
S5t tHe-5oHee S o e ety e proviae S gHadhce-ohtneH—hiht St

Table D.1 — Vane testing related sources of uncertainty

Source of uncertainty Comments

Assumed to be eliminated by greasing/bearings/
centralizers. Assumed to be negligible at the length of
the vane shaft. Can be estimated when slip coupling
is used.

External frijction torque

Functionaljty of a slip coupling Functionality shall be tested.only in unloaded conditjon.

Effects of bending may cause additional friction, dis
Bending of extension rods/casings tortion of test depths@nd distortion of shear planes
and additional diSturbance around the vane.

The length of the rod system and insufficient rotatign-
al stiffness of.the extension rods can allow twisting|of
the extension rods. This can lead to the vane rotatign

Rotation rate . -
rate varying from the uphole rotation rate.

Distorted rptation Thetwisting of extension rods causes a difference

between real vane rotation angle and measured varle
rotation angle in the uphole method.

Blows, vibrations etc. can cause an extra disturbande
at test depth. Too short a distance between the vane
Insertion of the vane and friction reducer/slip coupling/casings/protectipn
shoe can cause a disturbance at test depth. Some dig
turbance can be caused by too high a pushing rate.

Insertion of the vane breaks the natural structure of
Disturbande around the vane soil at some distance around the vane. All unnecessgry
movement of the vane can cause an extra disturbange.

During tests, the vane should rotate around the van
axis at the same level.

1%

Non-statiofarity of the vare

Damaged vane can cause an extra disturbance aroupd

The conditjon of the¥vane
the vane.

Longer waiting time increases consolidation around
Waiting tinlne the vane and may increase the measured vane

- 4l
oLl Clls LI,

Non-functionality of measuring equipment might be

Zero shift indicated.

Deviation of the conversion factor Conversion of torque to shear stress will be distorted.

Calibration factors, e.g. loss of calibration due

. Regular calibrations and checks are needed.
to overloading

Digital errors can occur and reading resolution can

Data acquisition system both influence accuracy

Lack of maintenance can cause an inconstant external

Maintenance or internal friction torque due to e.g. dirt.
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Table D.1 (continued)

Source of uncertainty

Comments

Measurement of small values

Possible non-linearity of the calibration curve at the
beginning of measuring range can cause an error in
measurement

Other

a disturbance at test depth. Rock or shells at shear
planes can affect the torque measurement.

Drilling of borehole or excavation of trial pit can cause

The loss of strength around the vane during insertion and testing generally increases with increased

senfitivity of the soil.

Lack of documenting soil type greatly increase uncertainty.
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