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Foreword

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.

The procqdures used to develop this document and those intended for its further maintenance
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed.for
different f{ypes of ISO documents should be noted. This document was drafted in accordance|with
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention [is drawn to the possibility that some of the elements of this document may be’the subject

patent rights. ISO shall not be held responsible for identifying any or all such patént’rights. Details
any patent rights identified during the development of the document will be in the\Introduction and
on the ISQ list of patent declarations received (see www.iso.org/patents).

Any trade|name used in this document is information given for the convehience of users and does
constitutd an endorsement.

For an explanation of the voluntary nature of standards, the faeaning of ISO specific terms 4
expressiohs related to conformity assessment, as well as inforiation about ISO's adherence to

World Trdde Organization (WTO) principles in the Technical\Barriers to Trade (TBT), see www
.org/iso/fgreword.html.

This docyment was prepared by the European Committee for Standardization (CEN) Techn!cal

Committep CEN/TC 341, Geotechnical Investigation\and Testing, in collaboration with ISO Techn
Committep ISO/TC 182, Geotechnics, in accordance with the Agreement on technical cooperat
between IS0 and CEN (Vienna Agreement).

This first|edition cancels and replaces ISO/TS 17892-10:2004, which has been technically revised.

also incorporates the Technical Corrigendum ISO/TS 17892-10:2004/Cor 1:2006.
The main ghanges compared to the previous edition are as follows:
— generfpl revision of the text.and figures and addition of specimen preparation procedures;

— includion of two type$®f ring shear apparatus; Type A wherein failure occurs at the depth in
specimen defined/ythe split specimen container and Type B wherein the location of the fail
surfage is not defined by the apparatus;

hre
the
Lhe

of
of
or

not

nd
Lhe
iSO

cal
on

It

he
ire

— additIn of Afinex A on calibration, maintenance and checks;

— additiofiref Annex B on additional calculations for effective strength parameters.

Alist of all the parts in the ISO 17892 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

:2018(E)

This document provides laboratory test methods for the determination of the effective shear strength
of soils by direct shear within the international field of geotechnical engineering.

The tests have not previously been standardized internationally. It is intended that this document
presents broad good practice and significant differences with national documents are not anticipated.
It is based on international practice (see Reference [1]).

This document specifies two methods for the determination of the effective shear strength of soils

un
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ler consolidated drained conditions using either a shearbox or a ring shear device.

b shearbox test is generally used for the determination of peak effective shear strength p

rameters of fine grained soils. Residual effective shear strength parameters can also be obt3
arbox tests and peak effective shear strength parameters can also be obtainedfrom ring s

b test method consists of placing the test specimen in the direct shear device, apply
ermined vertical stress, providing for draining (and wetting if required) of the test

comsolidating the specimen under vertical stress and then shearing-the specimen. This s

im
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bosed by displacing one part horizontally, relatively with respect to the other part of the sy

bnstant rate of shear-deformation. The shearing force and the herizontal and vertical disp
measured as the specimen is sheared. Shearing is apptied slowly enough to allow ej3

ssures to dissipate by drainage so that effective stresseSare equal to total stresses.

hrameters

boils. The ring shear test is generally used for the determination of residual effective shealr strength

ined from
hear tests.
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INTERNATIONAL STANDARD ISO 17892-10:2018(E)
Geotechnical investigation and testing — Laboratory
testing of soil —

Part 10:

Direct shear tests

1 | Scope

Thjs document specifies two laboratory test methods for the determination of“the effecfive shear
strength of soils under consolidated drained conditions using either a shearbox;or a ring shegr device.
Thjs document is applicable to the laboratory determination of effective shear strength parameters for
soils in direct shear within the scope of geotechnical investigations.

The tests included in this document are for undisturbed, remoulded; re-compacted or recpnstituted
soils. The procedure describes the requirements of a determination of the shear resistance of a
spécimen under a single vertical (normal) stress. Generally-three or more similar specihens from
ong¢ soil are prepared for shearing under three or more different vertical pressures to allow the shear
strength parameters to be determined in accordance withnAhnex B.

Special procedures for preparation and testing the specimen, such as staged loading and pr¢-shearing
or |for interface tests between soils and other materials, are not covered in the procedyre of this
dogument.

NO[TE This document fulfils the requirements of the determination of the drained shear strength of soils in
dirpct shear for geotechnical investigation and testing in accordance with EN 1997-1 and EN 1997-2.

2 | Normative references

The following documents areyreferred to in the text in such a way that some or all of thdir content
comstitutes requirements (ofythis document. For dated references, only the edition cited applies. For
unflated references, the[latest edition of the referenced document (including any amendmentg) applies.
ISQ 17892-1, Geotechniical investigation and testing — Laboratory testing of soil — Part 1: Det¢rmination
of Water content

ISO 14688-L~Geotechnical investigation and testing — Identification and classification of soil|— Part 1:
Idéntification’and description

IS 386, Liquid-in-glass laboratory thermometers — Principles of design, construction and use

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

[EC Electropedia: available at https://www.electropedia.org/

© ISO 2018 - All rights reserved
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3.1

direct shear test
test whereby a specimen of soil is laterally restrained and sheared along a mechanically induced
horizontal plane while subjected to a vertical stress applied normal to that plane

3.2
shearbox

test

direct shear test (3.1) whereby a specimen is placed in a rigid square or circular container (shear box)
and shearing is applied by linear displacement of one half of the shear box relative to the other

Note 1 to eptry: See Fioure 1

3.3
ring sheag test
direct sheqr test (3.1) whereby an annular specimen is subjected to shear induced by rotation of ¢ne
half of the|specimen relative to the other while subjected to vertical stress applied normal to the failure
(3.4) plang

Note 1 to ehtry: See Figures 2 and 3.

34
failure

stress or [strain condition at which either peak horizontal shear stress is achieved or a specifjed
deformatipn criterion is achieved, if a peak horizontal shear stress ishot observed

3.5
pore pregsure
pressure ¢f water in the voids within the soil specimen

3.6
primary ¢onsolidation
process whereby the void ratio of a specimen decreases as a result of an increase in the effective stress
due to a d¢crease in the excess pore pressure (3.5)under a constant total applied load

Note 1 to|entry: Time-dependent volume change during primary consolidation is primarily controlled|by
drainage c¢nditions.
4 Symbols

Dy outer diameter,of.specimen container rings

Dj inner diameter)of specimen container rings

Dm mean diameter of specimen container rings

R; inner_radius of the container rings

R, outerradius of the container rings

H height of annulus in the specimen container rings or shear box

te time value from vertical displacement versus root time plot

tr calculated minimum time to failure during shear stage

Vmax maximum allowable rate of shear displacement

Srs horizontal shear deformation during ring shear

Sf estimated horizontal shear deformation at failure

r mean radius of the specimen in the ring shear test

0 angular displacement during the ring shear test

Omax maximum rate of angular displacement in the ring shear test

p initial bulk density of specimen

2 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=49294734f4d7d799ef275ad8bbb09f94

ISO 17892-10:2018(E)

Pd initial dry density of specimen

Ps particle density

Hp initial height of the specimen

wo initial water content

mo initial mass of specimen

mq final dry mass of specimen

e void ratio

eo initial void ratio

Sr initial degree of saturation ,\Cb
O water density qg .
Al change in specimen height from the initial zero reading ,\6 -
T shear stress on the surface of shear ) )

TR residual shear strength AQSJ') '

oy vertical stress on the surface of shear . NY

P horizontal shear force . \J

N vertical force r‘\\\v

o angle of effective shearing resistance AQ -

o'k residual angle of effective shearing resistance Q\)

c' effective cohesion intercept L\\\\ .

A initial plan area of specimen Q,\v

M moment (torque) applied to the specingé}*\ln the ring shear

©

5 | Apparatus <O
5.1 General C)\C)jr

The equipment shall undergo @ﬁlar calibration, maintenance and checks as specified in Anhex A.

© ISO 2018 - All rights reserved 3
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5.2 Shear devices
5.2.1 Shearbox test apparatus

5.2.1.1 A typical shearbox apparatus is shown schematically in Figure 1.

»

Key
(device to apply) vertical force, N

loading cap to apply vertical force

poroug discs or shear friction plates

upper pnd lower part of the shear box

soil sppcimen

outer ¢ontainer (carriage)

device|to apply (a constant rate of) horizontal displacement
device|for measurement of horizontal displacement

O 0 N O U1 A W N -

device|for measurement of horizontal force
10 device|for measurement of verticaldisplacement
11 gap befween upper and lower parts of shear box to prevent friction

Figure 1 — Schematic drawing of a typical shearbox

5.2.1.2 The frame;the outer container (carriage), the shearbox and internal components shall be mgde
of corrosign resistarit materials of sufficient rigidity to resist distortion and deformation during the tgst.

5.2.1.3 Th&outer container (carriage) should allow testing to be carried out with the specimen gnd
porous discs or shear friction plates submerged under water.

5.2.1.4 The outer container (carriage) shall be supported on the frame by a low-friction bearing which
allows movement in the horizontal direction only.

5.2.1.5 The shear box shall be square or circular in plan and divided horizontally into two rigid halves.
The design of the shear box shall fulfil the following requirements:

— The design shall allow the two halves of the shear box to be locked securely together. Once locked
together they shall form a square or circular prism with a smooth internal surface.

4 © ISO 2018 - All rights reserved
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The design shall allow the upper half to be lifted relative to the lower half prior to shear by a small,

controlled vertical displacement without tilt.

The arrangement shall be such that when lifted, one half of the shear box shall be abl
smoothly and parallel to the other half.

The square shear box should be designed for a square specimen with a minimum width

e to move

of 50 mm.

The circular shear box should be designed for a specimen with a minimum diameter of 50 mm.

In both cases the shear box should be designed for a specimen with a minimum initial height of

20 mm or not less than 6 times the maximum particle size diameter, whichever is larger.

5.2

5.2
thd

The ratio of the specimen width or diameter to height should not be less than 2,5.

.1.6 Porous discs or shear friction plates shall cover the upper and lower surfaces of the s

They shall allow free drainage of water, while preventing intrusion of soil particles into t}
The upper and lower surfaces shall be plane, clean and undamaged. They shall be made of
resistant materials of negligible compressibility under the maximum, stress likely to |
during the test and shall be strong enough to prevent breakage undey load.

They should be sufficiently rough to provide an interlock with'the sample but witho
localised stress concentrations.

They shall be smaller in plan than the internal dimengions of the shear box in order
binding to the walls but large enough to prevent extrusion of the specimen.

.1.7 Theloading cap shall be smaller in plan than'the internal dimensions of the shear bo3
loading cap can tilt without jamming and be rigid and sufficiently large so as to transmit t

lodd uniformly to the specimen.

5.2
fro

5.2

5.2
ary
for]

.1.8 The loading cap and base shall have grooves or perforations to allow free drainag

Im the porous discs.

.2 Ring shear apparatus

.2.1 The apparatus shall be constructed such that shearing forces are purely rotation,
angements for ring shear apparatus are shown in Figures 2 and 3. Figure 2 shows a typical ar}
a ring shear test with a split specimen container such that failure occurs at the depth defi

pecimen:

heir pores.
corrosion-
pe applied

It causing

o0 prevent

k such that
he vertical

e of water

hl. Typical

angement
hed by the
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split container (Type A). Figure 3 shows a typical arrangement for a ring shear test with a solid specimen
container where the location of the failure surface is not defined by the apparatus (Type B).

Key

O 0 N O U1 B W N -

Yy
LD W N RO

10

—3

L —13

ZA

77007

L 8

—_ T

NN
2 e

(device to apply) vertical force, transmitted through-(10) and (7) to the specimen
specinjen

poroug discs or shear friction plates

lower fircular frame (lower soil contaiher'ring)

upper ircular frame (upper soil container ring)

base ring

loading ring (with drainageopening)
base plate, which is rotated by a driving gear, together with the lower circular frame (4) and the base ring (p)
top plqte to apply théxertical load N to the loading ring by radially distributed ridged blocks (10)
rigid blocks to transmit the load to the loading ring

gap beffween uppeér and lower circular frame to allow for rotation of the one relative to the other

device|to measure torque, M¢

outer ¢onfainer (water bath)

drainage openings
device for measurement of vertical displacement

Figure 2 — Example of a Type A ring shear apparatus

© ISO 2018 - All rights reserved
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(@]

N

(device to apply) vertical force, transmitted through (2) to théspecimen
loading cap, centred on the lower cell (4) by means of a centring pin, with a torsion beam to measuy
porous discs or shear friction plates

lower part of cell which is rotated by a driving gear
specimen

outer container (water bath)

ball race

device for measurement of relative vertical displacement
device to measure torque, M

Figure’3 — Example of a Type B ring shear apparatus

.2.2 The soil container rings, outer container and internal components shall be made of
istant materials'of sufficient rigidity to resist distortion during the test.

.2.3 The)outer container (water bath) in which the soil container rings are integrated sh
specifien and porous discs or shear friction plates to be submerged during the test.

e torque M¢

corrosion-

buld allow

2:4 The design of the soil container (rings) shall fulfil the following requirements:

the minimum outer diameter of the soil container (D;) should be 70 mm;

the minimum ratio of inner diameter to outer diameter of the container (Dj/D,) should be 0,6;

the minimum height of the specimen annulus shall be 5 mm;
the ratio of height to width of the annulus H / [(D4 - D;) / 2] shall be equal to or less than

the upper and lower rings shall be fitted with porous discs or shear friction plates.

5.2.2.5 The porous discs or shear friction plates shall comply with 5.2.1.6.

© ISO 2018 - All rights reserved
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5.3 Loading-devices

5.3.1 The vertical loading system shall maintain the required vertical load constant during
consolidation and shearing. The vertical loading system may consist of physical weights and a lever
system, or a mechanical, hydraulic, pneumatic or electro-mechanical device. If a hanger system is used
to apply the vertical load the weight of the hanger shall be known and allowed for. The vertical stress
applied to the specimen shall be accurate to at least 1 % of the intended stress or 1 kPa whichever is

greater.

be maint
pressures

NOTE
sufficient fi

5.3.3 Ri
The appar
dissipatio

NOTE

ined within 10 % of the intended rate and slow enough to allow dissipation of pofe wdter
during shear.

Displacement rates varying from about 0,005 mm/min to about 1 mm/min have been found to
br most testing.

hg shear apparatus and loading device shall allow an unlimited horizontal travel by rotati
atus shall allow the rate of displacement to be maintained constantand slow enough to all
1 of pore water pressures during shear.

Rotation rates of 0,05°/min or greater have been found to be suffieient for a large range of soils.

5.4 Medqsuring devices

5.4.1 Lg¢ad measuring devices

The vertid
whichevel

The horiz
force at fa

NOTE
evaluated.

al load measuring device shall have an aceuracy of 1 % of the actual value, or within 3
is the greater value.

bntal load measuring device in the shearbox test shall have an accuracy of 1 % of the sh
lure, or within 2,5 N, whichever isithe greater value.

LLoad measurement devices bath above and below the specimen can allow the side friction to

5.4.2 T¢rque measuring deyvices

Torque m
whichevel

543 D

The vertid

basurement devices shall have an accuracy of 1 % of the actual value, or within 0,1 N
is the greater‘value.

splacement measuring devices

al lin€ar displacements measurement device:

be

n.
w

ear

be

Im,

— Ther

TIgE Of the device shiatl be suitable to measure and dispiay disptacements of up to 20 9% of

initial height of the specimen.

the

— Thedevice shall have aresolution of atleast 0,02 % of the initial height of the specimen and an accuracy
of at least 0,2 % of the initial height of the specimen or 0,02 mm, whichever is the greater value.

The horizontal linear displacements measurement device:

— In the shearbox apparatus the horizontal linear displacements shall be measured with an accuracy
of 0,1 % of the specimen length in the direction of shear or 0,02 mm, whichever is the greater value.

— In the ring shear apparatus the angular displacement shall be measured with an accuracy of 1°
or better.

© ISO 2018 - All rights reserved
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5.5 Ancillary apparatus

The ancillary apparatus consists of:

balance, accuracy 0,01 g or 0,1 % of the weighed mass, whichever is the greater value;
timer readable to 1 s;
maximum-minimum thermometer readable to 1 °C;

apparatus for determination of water content.

:2018(E)

Th

Taj
po

6.1

6.1
sai
reg

6.1
ifd

6.2
6.2

6.2

e apparatus for the specimen preparation consists of:
cutting and trimming tools (e.g. a sharp knife, wire saw, spatula, cutting ring, soil‘lathe);
steel straight edge, with a maximum deviation from straight of 0,1 % of its length;

try-square or a jig (e.g. a mitre box) or split mould to ensure that flatness shall be accuratg
0,5 % of each dimension and that right-angles are within 0,5° of true;

callipers, either analogue or digital, readable to 0,1 mm or 0,1 %_cfthe measured length,
is the greater value;

b water may be used to fill the outer container, but water with a similar chemistry as the
‘e water should be specified for the test when the results may be affected.

Test procedure
General requirements

.1 Test specimens may be prepared from undisturbed, remoulded, recompacted or rec
hples. However, for the determination of residual strength in the ring shear test, rem
onstituted specimens are generally used.

.2 The largest grainsize in the specimen should not be greater than 1/6 of the specimen
articles greater than1/10 of the specimen height are present this shall be reported.

. Preparatien of specimen

.1 General requirements and selection of the preparation method

 to within

Wwhichever

tools and equipment for mixing and compacting or pre-consolidating the specimen, if applicable.

specimen

onstituted
oulded or

height and

described

.L1™ Depending on the type of sample the specimen shall be fabricated, cut or trimmed as

be

£lood 2o 1 o N 4 sale ol 1393 £ A 1o
UW, SU ULIdt It LAl UT ITITUUIIITUW IIT LT dppdidatus VWILID LHT HHITHTIIITUIIN U uIstul ualit .

6.2.1.2 Specimens shall have a minimum initial height of 20 mm for the shearbox test and 5 mm for the

rin

g shear test.

6.2.1.3 The specimen surfaces shall be plane and perpendicular.

6.2.1.4 Take care to maintain the water content of the specimen during the preparation process. If the
process is interrupted for more than a few minutes, the specimen shall be protected, e.g. by carefully
wrapping in plastic foil.

© ISO 2018 - All rights reserved
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6.2.2 General requirements for preparation of specimens from undisturbed samples

6.2.2.1 Specimens may be prepared by trimming from either block samples or from tube samples or
by extrusion of tube samples into a mould with a cutting edge. The mould and cutter should be either
square or circular to suit the specimen shape and size required for the test.

6.2.2.2 Examine undisturbed samples prior to testing and select the least disturbed material for the
test. If significant disturbance is apparent in the specimen this should be recorded in the test report.

Le 1 -l 1 ol - 1 - 1 - L] 1 . -
6-2-2-3 dRC CdI'C LU dVOIU UCTOTIIIIIZ UIC SPCUIICIT AQUTIITE CULLLITE allU LUITITTITTITTE.

6.2.2.4 After removal of the cutter or after extrusion, the ends shall be trimmed by cutting awgay’a liftle
of soil at aftime. The ends shall be checked to be flat and flush with each end of the ring or mould.

6.2.2.5 Any grooves or holes in the surface of the specimen should be removed by further trimming or
a new sperimen should be selected if available. Otherwise, fill grooves or holes not’exeeeding 1/6 of the
specimen height with remoulded sample material and record the action taken. Specimens with voidq or
holes largér than this should not be used.

6.2.3 Trimming from extruded or block samples

6.2.3.1 A horizontal flat surface shall be prepared on the sample*of a size larger than the diametef of
the cutterjand mould.

6.2.3.2 The sample shall be placed on to the trimming*apparatus, the cutter shall be fitted into the
mould and the cutting edge shall be lowered on to the prepared surface. The cutter should be centredjon
the samplg, unless visible discontinuities or disturbanée suggests that a better quality specimen can|be
cut off-cerftre.

6.2.3.3 The cutter and mould shall be steadily pushed into the sample until it is filled with soil with|an
excess prdtruding from the top. Soil cuttings’shall be removed so that advance of the cutter and mould is
not impedged.

6.2.3.4 Vith stiff soils the sample shall be trimmed in advance of the cutter to about 1 mm or 2 thm
larger thap the internal cutter-dimension so that the cutting edge removes the remaining thin layer.

6.2.3.5 The sample shallbe cut off underneath the cutter to remove the mould and contained soi] to
allow trimming of the efids of the specimen.

6.2.4 Extrusion from a tube of diameter larger than the mould and cutter

6.2.4.1 The cnmp]ing tube shall be mounted in the extrusion device and secured

6.2.4.2 Any disturbed soil shall be extruded from the end of the tube and the surface of the soil
remaining in the tube shall be trimmed flat.

6.2.4.3 The sample shall be extruded through the cutter and mould whilst checking that the excess soil
can be removed easily and does not impede the extrusion process.

6.2.4.4 The sample shall be cut off underneath the cutter to remove the mould and contained soil to
allow trimming of the ends of the specimen.
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6.2.5 Preparation of laboratory fabricated specimens

6.2.5.1 For samples fabricated of fine grained soils, the water mixed into the material should be
allowed to equalise for at least 16 h before compaction.

6.2.5.2 If the specimen is to be fabricated within the specimen container, weigh the empty shearbox,
shear ring or container, including porous discs (if appropriate) to the nearest 0,01 g or 0,1 % of the
total mass, whichever is the greater value, as required to subsequently determine the initial mass of the
specimen.

6.2
Co

walter content and dry density, or by compaction under the application of a specified-compac

Th
of
grg
Spé

6.2
the
thd

Sp§

madterial prepared at suitable water content, to a specified.consolidation stress prior to the tes

6.2

comtainer of the ring shear apparatus (e.g. a compaction mould). Compaction may be perfort

at
the
tes

Spé

6.2
apj

6.3

6.3
thd

.5.3 Specimens may be prepared in the laboratory by compacting the soil in layers into,the
mpacted specimens should be prepared by adding soil in layers and compacting the soil at

e top of each layer shall be scarified before adding material for the next layer. Reconstituted
sand may be prepared by pluvial compaction in air or under water. Reconstituted specim
ined soils may be prepared by consolidation of a material prepared at saitable water co
cified consolidation stress prior to the test.

.5.4 Remoulded specimens may be prepared for testing in the\ring shear apparatus by
sample into the annulus between the specimen container ringsaising a small spatula and l¢
top surface. If necessary, any oversize particles should be removed before remoulding. Rec

.5.5 Test specimens may also be prepared in atSuitable mould other than the shear &

he required water content under the application of the appropriate compaction effort, or
specified dry density. Reconstituted speciniens of fine grained soils may be consolidated
t to a specified consolidation stress. Theysample can then be extruded from the mould a
cimen shall be prepared in accordance with 6.2.2.

.5.6 Care should be taken that'ayer interfaces do not coincide with the shear plane defi
paratus.

Measurements before testing

.1 Weigh the shear box or ring shear container (including the porous discs if appropriate)

shear box.
h specified
ion effort.
Epecimens
bns of fine
htent, to a

kneading
velling off
pnstituted

cimens of fine grained soils may also be prepared in the-ring shear apparatus by consolidlation of a

L.

ox or soil
hed either
to achieve
ior to the
d the test

hed by the

Containing

specimen, oreutting ring containing the specimen, to the nearest 0,01 g or 0,1 % of the fotal mass,
whichever is the\greater value, as required to determine the initial mass of the specimen, my.

6.3.2 , Determine the initial height, Hy of the specimen and the dimensions required to calculate the
plan.area, A ofthe spec1men The d1mer151ons of the cuttlng ring or those of the shear apparatu< container
sha : ensions of

the ring or Contalner shall be measured to the nearest O 1 mm.

6.3.3 The water content of the specimen shall be obtained in accordance with ISO 17892-1, from
excess representative adjacent material.

6.4 Equipment preparation

6.4.1 During installation of the specimen into the shearbox the upper and lower parts of the shearbox
shall be fixed to avoid any displacement of the two parts relative to each other.

© ISO 2018 - All rights reserved
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6.4.2 To reduce shear stresses on the inside faces and friction between the two halves of the shear box
during the shear phase, a thin coating of silicone grease or petroleum jelly may be applied to the inside
faces of the shearbox or the ring and to the surfaces of contact between the two halves of the box or ring.

6.4.3 If the specimen was not prepared in the shearbox or container ring, fit the prepared specimen
into the shearing apparatus by pushing it gently from the cutting ring into the box or ring. Weigh the
empty cutting ring (including any particles left on the side surfaces) to the nearest 0,01 g or 0,1 % of the
total mass, whichever is the greater value, to allow calculation of the initial mass of the specimen, my.

DOLO Cl 2 aya e A 2 a ars Ql\Ae ) ama =11 alaa al2laa avalwe e

water shall be removed before placing or using them in the shearbox or shear ring. The porous discss
be clean apd not clogged.

6.4.5 Agdsemble the apparatus, align and take zero readings for the displacement measuring devires
and the lopd measuring devices.

6.5 Corsolidation

6.5.1 THe consolidation stress shall be defined taking into account the natur€ of the soil, the presumed
in situ strgss history and the parameters that are requested from the test.

6.5.2 When testing compressible soils the vertical consolidationload may be applied in sevqral
intermedipte increments to avoid extrusion of the soil. If consolidation reduces the thickness of a
reconstitufted specimen in the ring shear test by more than 10 %-for the Type B ring shear device, further
soil should be added and consolidation should be repeated;

6.5.3 Unless testing a dry specimen, water shall bé&introduced to the outer container to a level at
which the|top porous disc or plate is submerged. Eorsoils that readily absorb water (e.g. stiff clays), the
specimen [may be mounted with dry porous discs-(or shear friction plates) and the water may then|be
added whilst applying a vertical stress high enough to inhibit swelling.

6.5.4 Cdrefully apply the required load without jolting, within a period of 2 s. Alternatively a jackjng
system mdy be used to support the lever arm while weights are added to the hanger. At the same instpnt
the timer g$hall be started.

6.5.5 Rdcord the vertical ‘displacement at suitable time intervals. The selected time intervals shall
allow a graph to be draywai’ef vertical deformation as ordinate, against square-root of elapsed time as
abscissa. 4 plot with alogarithmic scale of time may also be made.

6.5.6 C(Cdntinue-te‘take readings of the vertical displacement until the plotted readings indicate that
primary cpnselidation is complete. Dry sand or free-draining saturated sand consolidates very rapifily,
therefore fimed consolidation readings are not necessary for these materials.
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6.5.7 Determine the maximum rate of shear displacement:

:2018(E)

6.5.7.1 A plot of vertical displacement, d, versus the square root time may be used to estimate the
value of t; for use in determining the time to failure for the direct shear test (see Figure 4).

6.5
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6.5
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Th
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Figure 4 — Example of a time-settlement-curve to determine the time for primd
consolidation

.7.2 Draw the straight line of best fit to the early portion.efithe curve (usually within the
fompression) and extend the line to intersect the approximately horizontal line through f
the curve of primary consolidation.

.7.3  Read off the value of \/Z corresponding t0\the intersection of the two lines.

.7.4 Calculate the minimum time to failure;i.e. the time to mobilise the maximum shear
he specimen, tf using Formula (1):

tf = 13Xtc

s test does not permit the derivation of a reliable value of coefficient of consolidation
Certainty in the length of the'drainage path.
TE Square root of time interpretation can yield erroneously fast rates of consolidation

urated or very stiff fmaterials. Other methods for estimating ¢f can be used, when proved applid
ted material.

.7.5 Estifnate the horizontal shear deformation at failure s. In the absence of experiend
ted matérial a displacement of 10 mm or 10 % of the shear box length can be considered
ined soils while a displacement of 1 mm or 2 % of the shear box length may be appropridg
e grained soils.

first 50 %
nal points

resistance

)

cy due to

for partly
able to the

e with the
for coarse
te for stiff

6.5.7.6 Determine the maximum allowable rate of shear displacement, viyax using Formula (2):

Vmax =S¢ / t¢

(2)

The maximum rate of angular displacement for the ring shear test, Oax, expressed in degrees per
minute, may be calculated using Formula (3):

Omax =573 Viax /T

max
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where

Vmax 1S the maximum allowable rate of shear displacement in the ring shear test (mm/min);
r is the mean radius of the specimen (mm).

The rate of displacement during drained ring shear should not exceed the maximum angular rate
determined from Formula (3). The linear displacement rate in both the shear box and ring shear as
determined by Formula (2), shall not exceed 1,0 mm/min.

6.6 Shefaring
6.6.1 THe vertical load shall be kept constant during shearing.

6.6.2 Bdfore shearing, unlock the two halves of the shear box and slightly lift the upper half to give a
clearance ft the horizontal shear plane, sufficient to prevent friction during the test,but not to permit
extrusion pf the soil between them. This procedure should also be followed for the ring shear test if the
design of fhe apparatus allows the upper half of the soil container to be lifted~For fine-grained soils a
clearance pf 0,5 mm is usually sufficient. For coarse-grained soils it should notexceed 1 mm.

6.6.3 Adjust the vertical load to the desired value required during shear-to take account of the weight
of the upper part of the box or soil container acting on the shear planejRecord the initial readings of the
vertical and horizontal displacement gauges and the horizontal forcedneasurement devices prior to she¢ar.

6.6.4 Shlear the specimen at a constant rate of displacement (strain controlled) no greater than that
determingd in 6.5.7.6, by displacing one of the two halves‘of the shearbox or the circular loading ¢ap
relative to[the other half.

6.6.5 Dyring the shearing stage the following readings are required, such that at least 15 readings pre
taken up tp the maximum load, i.e. peak shear strength:

— the hdrizontal or angular displacement;
— the hgight change;
— the shear force or torque (rotational force).

Reading-Iptervals of horizental displacement of 0,5 mm often meet this requirement. For briftle
specimeng such as dense-sand, sets of data should be recorded at frequent intervals of force, instead of
displacemfent, to ensurethat enough readings are taken.

6.6.6 If pnly the'\peak shear stress is to be determined, shearing may be done by constant increasg of
the shear load. (stress controlled).

6.6.7 Thetestmay be stopped when either of the 10llowing criteria is reached:
— peak horizontal shear stress has been clearly achieved;

— a specified deformation, for example 15 % of the shearbox length is reached, if a peak horizontal
shear stress has not been achieved.

6.6.8 The residual shear strength (rr) may be determined in the ring shear test as follows. After
reaching the maximum shear load (if required) the rate of displacement may be increased up to tenfold.
[t shall then be reduced to the rate determined in accordance with 6.5.7.6 and shearing shall be continued
until no further decrease in shear resistance is measured.
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6.6.9 The residual shear strength may be determined in the shear box test by multi-reversal of the
shear direction as follows.

6.6.9.1 After reaching the maximum shear load continue shearing until the full travel of the shear box
has been reached. Return the shear box to its starting position by reversing the direction of travel. The
rate of reverse displacement should be no greater than the rate of displacement to peak shearing force.
If a higher rate of displacement is used the specimen shall be allowed to stand for at least 12 h to allow
pore pressures to equalise.

NOTE The shear stresses during reverse travel have no significance.

6.4.9.2 Re-shear the specimen at the same displacement rate as the rate of displacement to [I)eak shear
to the full travel of the shear box.

6.4.9.3 Repeat 6.6.9.1 to 6.6.9.2 until a repeatable value of residual shear resistance is d¢termined.
Stdp the test at the final forward travel of the shear box.

6..10 On completion of testing, if the test has been carried out on a submerged specimen, remove the
walter surrounding the specimen and allow the free water to drain frofathe porous discs or plates.

6..11 Remove the vertical load and transfer the shearbox oréspecimen container ring to a(small tray
angdl weigh, taking care not to lose any soil.

6.4.12 Dry the specimen to constant mass (mq) or detérmiine the water content of a represengative part
of the specimen, in accordance with ISO 17892-1.

7 | Test results

7.1 Water content

Determine the initial mass (mg) of the specimen from the measurements taken in 6.3 and 6.4 and then
calculate the initial water content (wg) in accordance with ISO 17892-1 from the trimmings [see 6.3.3)
or from the initial mass (mg)of'the specimen and the final dry mass (mq) of the specimen.

7.2 Initial dry density
The initial dry density pq shall be calculated using Formula (4):

__Md
AXH

Pd (4)

If the‘final dry mass of the specimen cannot be determined, the initial dry density may be falculated
fromthe initial wet mass and the initial water content of the trimmings in accordance with ISO 17892-2.

7.3 Initial bulk density
The initial bulk density, p, shall be calculated using Formula (5):

__Mo
AxH

p (5)
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7.4 Initial void ratio

The initial void ratio eq (if required) shall be calculated using Formula (6):

ey =251 ©)

Pq

7.5 Initial degree of saturation

The initial degree of saturation, S;. (if required), shall be calculated using Formula (7):

=

5. =J0XPs (7)

0 X Pw

(1)

7.6 Void ratio during testing

The void fatio, e, shall be calculated at the end of the consolidation stage and at the end of shearing (if

required)fusing Formula (8):

e=e —2—H(1+e0) (8)

0

7.7 Stré¢sses and displacements

7.7.1 Shearbox

From eacH set of data obtained during the shearbox testithe shear stress, T and vertical stress, oy on the
surface offshear shall be calculated using Formulae (9¥and (10):

P
T=— 9
" (9)
N
O-V =1 (10)
il
NOTE The continual change in.the’area of contact in the shearbox is not normally taken into account.

7.7.2 Ring shear

For each det of data ffem the ring shear test, calculate the vertical (normal) stress, oy, and the shear
stress, 7, dn the surface of shear using Formulae (10) and (11):

3M
7= t (&)

2R3 —R3)

\ U
Where the moment is measured using a torsion beam and two load cells the applied moment, My may be

calculated using Formula (12):
M =(Fy +F;)xL/2 (12)

where

F1and F; are the measured loads applied to the torsion beam;

L is the distance between the points of application of F1 and F».
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Calculate the horizontal linear shear displacement during the ring shear test, s;s using Formula (13):

Sps =(0x1/180)x Dy, /2 (mm)

Where 6 is the angular displacement during the test in degrees.

7.8 Plotting

For each test the following graphs shall be plotted:

(13)

8

8.1

Th

comtain the following information:

a)

b)

Graph 1: shear stress, 7, as ordinate against horizontal displacement as abscissa;

Graph 2: change in height (vertical displacement) of the specimen as ordinate against
displacement as abscissa.

Test report

Mandatory reporting

e test report shall state that the test was carried out in accordance with this docume

and any other relevant details required, e.g. depth of'specimen within a sample, method|
selection if relevant;

visual description of the specimen tested including any observed features noted aft
following the principles in ISO 14688-1, including a description of particles that exceed 1
specimen height if present and a note that results may have been affected if any partic
1/6 of the specimen height;

depth, location and orientation of fhe test specimen in the original sample;
method of preparation of the test specimen including any filing of voids or holes in the sp
statement of the method used, i.e. shearbox or type of ring shear;
initial dimensions @f the specimen (mm);

initial water content (%);

initial bulkand dry density (mg/m3);

tabulated values or plots of: the applied vertical stress (kPa), shear stress (kPa), and corr
horizental linear displacement (mm);

horizontal

ht. It shall

identification of the specimen tested, e.g. by boreholetumber, sample number and sanpple depth

of sample

br testing,
/10 of the
es exceed

ecimen;

bsponding

atfailure:

k)

D)

i) the failure criterion adopted;
ii) the vertical stress;
iii) the shear stress;

iv) the horizontal linear displacement;

when determined, the residual shear stress from the ring shear test or from multi-reversal of the

shearbox test (kPa);

rate or rates of horizontal displacement (mm/minute);
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m) whether the specimens were tested dry or submerged;

n) graphical plots of shear stress and change in height versus horizontal linear displacement
throughout the test.

8.2 Optional reporting
The following information is optional:

a) particle density, indicating whether measured or assumed (mg/m3);

b) initia:lvoid ratio and degree of saturation (%);
c) graphjical plot(s) of settlement against square root time during the consolidation processs

d) angle|of shearing resistance (¢’), to the nearest 0,5° and cohesion intercept (¢’ in kPa), withput
decinfals, with the adopted failure criteria;

e) theresidual angle of shearing resistance (¢'r), to the nearest 0,5°;

f) graphlical plot of shear stress against vertical (normal) stress at failure.
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