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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.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he SO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by the European Committee for Standardization (CEN)
mittee CEN/TC 341, Geotechnical investigation and testing, in collaboration with 1S
mittee TC 182, Geotechnics, in accordance with the agreement on technical cooperatid
and CEN (Vienna Agreement).

5 first edition of ISO 17892-9 caneels and replaces [SO/TS 17892-9:2004, which has been
sed. It also incorporates ISOATS 17892-9:2004/Cor.1:2006.

5t of all the parts in the ISO-17892 series can be found on the ISO website.
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Introduction

This document covers areas in the international field of geotechnical engineering never previously
standardised. It is intended that this document presents broad good practice throughout the world and
significant differences with national documents is not anticipated. It is based on international practice
(see Reference [1]).
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Geotechnical investigation and testing — Laboratory
testing of soil —

Part 9:
Consolidated triaxial compression tests on water

saturated soils

1 [Scope

Thif document specifies a method for consolidated triaxial compression testsion’water-satufated soils.
This document is applicable to the laboratory determination of triaxial shear strerngth under
conjpression loading within the scope of geotechnical investigations.

The cylindrical specimen, which can comprise undisturbed, re-compacted, remoulded or re¢onstituted
soil| is subjected to an isotropic or an anisotropic stress undér’ drained conditions and tHereafter is
shepred under undrained or drained conditions. The test allows the determination of shear strength,
strgss-strain relationships and effective stress paths. All.stresses and strains are denoted fas positive
nurherical values in compression.

NOTE1 This document provides a test for a single spe¢imen. A set of at least three relatable tests gre required
to dptermine the shear strength parameters from theseg tests. Procedures for evaluating the results &re included
in Ahnex B and, where required, the shear strength parameters are to be included in the report.

Sperial procedures such as:

a) |[tests with lubricated ends;

b) |multi-stage tests;

c) |tests with zero lateral strain (Kp) consolidation;

d) |tests with local measurement of strain or local measurement of pore pressure;

e) |tests without ritbber membranes;

f) |extension tests;

g) |shearing'where cell pressure varies,

are|net fully covered in this procedure. However, these specific tests can refer to general procedures
destribedin this document

NOTE 2  This document fulfils the requirements of consolidated triaxial compression tests for geotechnical

investigation and testing in accordance with EN 1997-1 and EN 1997-2.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 14688-1, Geotechnical investigation and testing — Identification and classification of soil — Part 1:
Identification and description

© ISO 2018 - All rights reserved
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ISO 17892-1, Geotechnical investigation and testing — Laboratory testing of soil — Part 1: Determination
of water content

ISO 17892-2, Geotechnical investigation and testing — Laboratory testing of soil — Part 2: Determination
of bulk density

ISO 17892-3, Geotechnical investigation and testing — Laboratory testing of soil — Part 3: Determination
of particle density

3 Term

s and definitions

For the pui
ISO and [E
— IECEIq
— ISO On

3.1
CIU-test

poses of this document, the following terms and definitions apply.
[ maintain terminological databases for use in standardization at the following addresse

ctropedia: available at https://www.electropedia.org/

line browsing platform: available at https://www.iso.org/obp

isotropically consolidated undrained test

3.2
CAU-test
anisotropi

3.3
CID-test

fally consolidated undrained test

isotropically consolidated drained test

3.4
CAD-test
anisotropi

3.5
pore pres:
pressure o

3.6

back pres
external pi
saturation

3.7

rally consolidated drained test

fure
F water in the void spac€ within the soil specimen

sure

essure by which the pore pressure is increased prior to consolidation or shearing to ens

cell pressuyre

pressure a

bplied to the cell fluid

122}

ure

3.8

deviator stress
difference between the vertical total stress and the horizontal total stress

3.9
effective s

tress

difference between the total stress and pore pressure

3.10
failure

stress or strain condition at which one of the following criteria are met:

— peakd

eviator stress
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— peak effective stress ratio i.e. the ratio between the vertical and horizontal effective stress

— aspecified deformation criterion e.g. 10 % vertical strain

— other definitions if required

4 Symbols

Aj initial cross sectional area of the specimen

Aco Cross-sectional area ol the speclmen at any point in tme

a cross-sectional area of the piston if an external load cell is used

B pore pressure coefficient i.e. the ratio of the increase in pore pressure, Au resplting
from an increment of cell pressure, Ao under undrained conditions

D, specimen diameter at the end of consolidation

D; initial specimen diameter

Dm initial internal diameter of the confining membrane‘(before it is placed on sp¢cimen)

Em elastic modulus of the confining membrane

F factor for calculating the rate of displacement of the load frame

f factor relating the vertical strain to the specimen volumetric strain

H, specimen height at the end of consolidation

H; initial height of specimen

h distance from the top-ofithe top cap to the mid-height of the specimen

Ky load (when fullyanebilized) carried by filter paper covering a unit length of the speci-
men perimeter

P vertical load reading

Pgy fractien’of perimeter covered by filter paper

tm initial thickness of the unstressed membrane

tso time required for 50 % primary consolidation to take place

t1o00 time required for 100 % primary consolidation to take place

u pore pressure at the mid height of the specimen

up back pressure (i.e. the pore pressure at start of shearing)

Vi initial volume of specimen

Vimax rate of vertical displacement of the load frame during shearing

w gravity force acting on the sum of the deadweight hanger (if used), the piston, the top
cap and one half of the soil specimen

AH specimen change in height (with compression being a positive numerical value)

© ISO 2018 - All rights reserved 3
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AH, vertical change in height during consolidation, including any vertical change in height
during saturation, if measured

Au change in pore pressure at the mid height of the specimen

AV specimen volume change (with a reduction in volume being a positive numerical value)
AV, volume change up to the end of consolidation

Ao, change in cell pressure

(Aop)m correction to horizontal total stress due to membrane restraint

(Aov)fp correction to vertical total stress due to restraint of the filter paper

(Aoy)m correction to vertical total stress due to membrane restraint

y unit weight of the cell fluid

€ strain (with compression being a positive numerical value)

Esy vertical strain during shear (expressed as a ratio)

Esvol volumetric strain during shear (expressed as a ratio)

&y vertical strain (expressed as a ratio)

Evf expected vertical strain at failure (expressed.ds’a ratio)

(ev)m vertical strain of the membrane (expressed‘as a ratio)

Evol volumetric strain

(evol)m volumetric strain of the volumecnclosed by the membrane (expressed as a ratio)
oc¢ cell pressure

oh horizontal total stres§ at the mid height of the specimen (see note)

o'n horizontal effective stress at the mid height of the specimen (see note)

0'ne horizontal effective stress at the mid height of the specimen at the end of consolidatipn
oy vertical-fotal stress at the mid height of the specimen (see note)

ay vertieal effective stress at the mid height of the specimen (see note)

Oy — Oh deviator stress

(o'v - 20'y)/3 mean effective stress

/

o'y vertical effective stress at the mid height of the specimen at the end of consolidation

NOTE Throughout this document, effective stresses are indicated by a prime. Vertical and horizontal

directions are indicated by the suffixes “v” and “h” respectively. This convention ensures that the directions of
the action of stress acting on the specimen are clear and independent of their relative magnitudes.
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5 Apparatus

5.1 General
The equipment shall undergo regular calibration, maintenance and checks as specified in Annex A.

A schematic diagram of a typical apparatus for triaxial compression testing is shown in Figure 1.

© ISO 2018 - All rights reserved
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3 vertical displacement measuring device 12 triaxial cell
4  piston 13 drainage tubes
5 top cap 14 pore pressure sensor
6  O-rings T5 device for measurement of volume change
7  porous disc 16 device for measurement and control of back pressure
8 soil specimen 17 flushing system
9  membrane (with or without side drains) P vertical load

Figure 1 — Schematic diagram of a typical triaxial apparatus
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Triaxial cell

5.2.1 The triaxial cell shall be able to withstand a total cell pressure equal to the sum of the
consolidation stress and the back pressure without leakage of cell fluid out of the cell. Transparent cells
should be used where possible.

5.2.2 The sealing bushing and piston guide shall be designed such that the piston runs smoothly with
minimal friction and maintains alignment.

5.2

3

pist
spe
for

5.2
spe
cav

5.2
2%

5.2
cha
be {
pre
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5.3
5.3
flui
NO'I

5.3
dev|

on shall be such that their deformations are negligible compared to the deformations
Cimen. In the case of stiff soils and if required (see A.3.3) the vertical deformation shall'b
hpparatus compliance.

Cimen. Specimens with diameters smaller than the diameter of the end caps’may be teste
ties under the membrane at the ends of the specimen can be avoided,

5 The vertical stress applied on the specimen due to the weight'of the top cap should
of the estimated undrained shear strength of the specimen or 1'kPa, whichever is greater

6 The valves on the drainage tubes coming from the“porous discs should not cause
hge greater than 1 kPa when operated in a closed saturated pore pressure system. All
ible to withstand the applied pressure without leakage. Both the top cap and the pede

Specimen.
Confining membrane

1 The soil specimen shall be cenfined by an elastic membrane which effectively preve
| from penetrating into the specimen.

E Membranes with an ¢lastic modulus of around 1 400 kPa have been found to be suitable.

2 Combination of confining membrane and side drains that give a combined correct
jator stress of morethan 10 % at failure should not be used (see 5.5, 7.2.3 and 7.2.4).

3 IfO-ringsiare used to seal the confining membrane to the top and to the pedestal, their
elastic properties shall be such that the confining membrane is firmly sealed to the top ca

pedestal.

!

of the soil
b corrected

4 The diameter of the top cap and of the pedestal should normally be equab to the dianpeter of the

d provided

not exceed

a pressure
ralves shall
stal should

ferably have two drainage tubes so that the porouws'discs can be flushed with water after mhounting of

nts the cell

ion on the

imensions
and to the

5.3

4-O1f rubber membranes are used, membranes with following properties should be used

— unstretched diameter between 95 % and 100 % of specimen (after being stored in water);

5.4

thickness not exceeding 1 % of the specimen diameter.

Porous discs

5.4.1 Porous discs shall be rigid, non-corrodible and shall have a compressive strength in excess of the
soils to be tested.
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5.4.2 The diameter of the porous discs at the ends of the soil specimen should be equal to that of the
specimen. The discs shall have a plane and smooth surface and their compression shall be negligible
compared to the compression of the soil specimen.

5.5 Filter paper

5.5.1 A filter paper (or similar material) may be placed between the specimen and the porous disc in
order to keep fine material from being washed into the porous disc. The filter paper shall not react with

the specimen. New filter paper shall be used for each test.

5.5.2 Ney filter paper strips (“side drains”) may also be used to enhance drainage from the ralldial
edges of lgw permeability specimens. These may be orientated vertically or spirally, i.e. at afmoblique
angle. Spirpl drains do not require a filter paper correction and are preferred for specimens with an
undrained ghear strength below about 50 kPa.

5.5.3 Vettically orientated filter paper strips shall be evenly spaced and shall not cover more than 50 %
of the specimen’s radial surface. Spiral orientated strips shall be equally spaced,-should be orientated at
30 ° to 45 9to the vertical and shall not cover more than 50 % of the specimen’s radial surface.

5.6 Pregsure systems

The devicgs for applying pressure to the cell and to the back pfessure system shall be capablg of
maintainirlg a stable pressure either:

— within 1 kPa or 1 % of the absolute pressure, whichever.isigreater, or

— within| 2 kPa or 3 % of the required effective stress,Wwhichever is greater.

Care needq to be taken when testing at low effective stresses, as it may not be possible to meet the first
requirement.

5.7 Load frame

5.7.1 The load frame shall be able oyprovide a range of rates of vertical strain as required for the[test
(see 6.7.2 gnd 6.7.3). The actual rate applied up to failure shall not fluctuate more than 10 % from|the
intended rate. The movement of the platen shall be smooth without vibration such that fluctuation$ do
not occur ih the test results.

NOTE Frames with a-doad capacity in the range 10 kN to 50 kN which are able to advance the piston yvith
displacemeit rates varying from about 0,000 5 mm to about 2 mm per minute with a minimum of 10 diffefent
constant rafes have been found to be sufficient for most testing.

5.7.2 The sttoke of the load frame shall be more than that required for the test. A value of 30 % of{the
specimen Height is normally suitable.

5.8 Mea

suring devices

5.8.1 Load measuring device

The accuracy of the vertical load measuring device, in the range 20 % to 100 % of the capacity of the
device, shall be 1 N or 1 % of the actual value, whichever is greater. The device should be insensitive
to changes in horizontal forces or bending moments, and to changes in temperature or cell pressure
during a test, unless the performance is sufficiently stable that the effect can be corrected.

© ISO 2018 - All rights reserved
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The capacity of the load measuring device should be chosen so that the failure load is at least 20 % of its

capacity.
NOTE Class 1 load measuring devices to ISO 7500-1 meet this accuracy requirement.
5.8.2 Pressure measuring devices

5.8.2.1 Cell pressure and pore pressure measuring devices shall be sufficiently accurate to permit the
determination of total cell pressure and pore pressure to 1 kPa or 0,5 % of the full range of the device,

whi

chever is greater.

5.8
sha

5.8

Thd
the

5.8

The
0,1

5.9

5.9

2.2 For the shear stage of an undrained test, the pore pressure measuring device and it
1 be sufficiently rigid so that its change in volume shall be negligible.

3 Vertical displacement measuring device

device for measuring the change in height of the specimen shall be accuxate to 0,1 mm or
initial specimen height, whichever is greater.

4  Volume change measuring device

amount of water and air going into or out of the specimen)shall be measured with an :
D6 of the initial volume of the specimen or to 0,1 cm3, whichever is greater.

Cell and back pressure fluids

meinbrane into the specimen nor extract porewater from the specimen through the membra

NOT

5.9
wat
cird

5.9

E De-aired water is generally foundito meet these requirements.

2 The fluid used to saturate, (or flush) the porous discs and filter papers shall be de
er is often used but water Wwith a similar chemistry as the specimen pore water may
umstances where the results'may be affected.

temlperature as the testlocation.

5.1
Thd

0 Ancillary‘apparatus
ancillaryapparatus consists of:

balance, accuracy 0,01 g or 0,1 % of the weighed mass, whichever value is greater,

5 couplings

to 0,1 % of

iccuracy of

1 The cell fluid should be selected suchsthat it does not significantly penetrate through the

1€.

-aired. Tap
be used in

3 The cell fluid and’/the fluid used to saturate the specimen should be stabilized t¢ the same

timer readable to 1 s;
maximum/minimum thermometer readable to 1 °C;

apparatus for determination of water content;

The 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 accurate to within

0,5 % of each dimension and that right-angles are within 0,5 ° of true;
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— callipers, either analogue or digital, readable to 0,1 mm or 0,1 % of the measured length, whichever
value is greater.

6 Test procedure
6.1 General requirements and equipment preparation

6.1.1 The test specimen shall be cylindrical with a diameter not less than 34 mm and a height from
1,8 to 2,5 times the diameter. The largest particle size should not exceed 1/6 of the specimen diameter.
Specimens|of other sizes or height to diameter ratios may be tested using special procedures.

6.1.2 The drainage tubes and valves shall be checked before each test to confirm that they are|not
clogged.

6.1.3 Confining membranes should be immersed in water for at least 24 h before’being used. [The
membranep shall be free of excess surface water on the inside before being placed ornto the soil specimen.

6.1.4 The porous discs shall be clean and not clogged.

6.1.5 Pripr to each test check that there is no visible sign of damagé to any of the equipment and fhat
the piston runs smoothly.

6.1.6 Ifl¢akage of water from the cell or any water line is ohserved at any time during the test, the|test
shall be hajted, the pressure removed from the leaking part'if necessary and the leak eliminated before
resuming the test. The effect of the leak on the sample shall be evaluated and if detrimental the test jnay
be judged invalid.

6.1.7 The system may be checked for leaks when the set-up is ready for the triaxial cell to be mounfted.
A small suftion, (for example 10 kPa but not\ndore than the intended effective stress) may be applied
to the draipage tubes. The vacuum shall then’be shut off. If the vacuum decreases over a time period of
about 2 mip, efforts should be made to detect and eliminate any leaks in the membrane or drainage tupes.

6.2 Preparation of specimens

6.2.1 The following proceduies shall apply to undisturbed, remoulded, re-compacted or reconstityted
samples.

6.2.2 Examine undjsturbed samples prior to testing. If significant disturbance is apparent in|the
specimen this should be recorded in the test report. Highly disturbed samples will not provide meaninigful
results and should not be tested.

6.2.3 Take care to maintain the water content of the specimen during the preparation process. If the
process is interrupted, the specimen shall be protected so that the water content does not change. Air
circulation around the specimen shall be avoided.

6.2.4 Cutand trim the specimen to the required dimensions. Take care to avoid deforming the specimen
during the cutting and trimming process.

6.2.5 The soil specimen end surfaces shall be plane and perpendicular to the longitudinal axis
in accordance with ISO 17892-2. Grooves and holes in the ends and sides of the specimen should be
removed by further trimming or a new specimen selected if available. Otherwise, fill grooves or holes not
exceeding 1/6 of the specimen diameter with remoulded sample material. Grooves and holes in the ends
may be filled with a material that hardens with time and which does not release or absorb water.
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6.2.6 Undisturbed clay and clayey specimens that may swell in contact with water shall be prevented
from swelling caused by the specimen sucking water from the porous discs. The preferred method to
achieve this is to mount the specimen with dry porous discs and to flush them with water while applying
a vertical and horizontal stress high enough to inhibit swelling, but below the intended effective stress
required at the end of consolidation.

6.2.7 Specimens may be prepared in the laboratory by compacting the material in layers into a split
mould with or without the rubber membrane mounted inside. If water is mixed into the material, at
least 16 h should be allowed for the water to equalize over the whole soil mass, before compaction.
Under-compaction in layers may be used for sand to achieve a homogeneous specimen. Reconstituted
spefimens of sand may also be prepared by pluvial compaction in air or Under water.

6.2{8 Specimens of coarse grained material may be held together by applying a slightVacuur (typically
10 4o 20 kPa) when the split mould is removed, until a positive cell pressure of equalthagnitude has been
applied.

6.2]9 Measure the specimen height, diameter and mass in accordance ‘with ISO 17892-P by linear
megsurement.

6.2{10 Check that the membrane to be used is free from damage that'may cause leakage during the test.

6.2]11 Mount the specimen into the apparatus, with the filter papers (if used), membrane gnd O-rings
so that it is centred with respect to the top and bottom platens. Take extreme care to avoid, as much
as possible, deforming the specimen during the mounting process. Very soft specimens may| have to be
moyinted without touching the specimen by hand at any’stage during the preparation.

6.2{12 Complete the assembly of the triaxial celk
6.3| Saturation of specimen
6.3{1 Saturation

6.3{1.1 The porous discs and filter papers, the pore pressure measuring system and the spefimen shall
be dufficiently saturated so that the measured pore pressure corresponds to an undrained so}l condition
durjng undrained shearing, and that an accurate volume change is measured during drained ghearing.

6.3]1.2 The cellpressure shall be raised in order to apply an effective stress to the specimeh sufficient
to grevent swelling of the specimen, but lower than the intended effective stress required af the end of
conpolidatiofi.

6.3]1,3" If the specimen or the porous discs and filter papers are to be saturated (or flushed)[with water
after mounting, de-aired water meeting the requirements of 5.9 shall be used.

6.3.1.4 Sand specimens may be flushed with carbon dioxide prior to flushing with water to speed
up the saturation process as carbon dioxide is much more soluble than air in water. A volume of about
3 sample volumes has been found to be sufficient. The volume of carbon dioxide passing through the
specimen can be roughly estimated by collection in a burette or a similar device. Some specimens may
be chemically affected by the acidity of carbon dioxide dissolved in water, in which case carbon dioxide
flushing should not be used.
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6.3.2 Ap

6.3.2.1 A

plication of cell and back pressure

dequate saturation of the specimen may be achieved either by:

— the application of increments of cell pressure with closed drainage, with resulting increase in pore
water pressure, or

— the application of increments of both cell and back pressure with open drainage.

The selection of the method of saturation shall ensure that the effective stresses within the specimen
are not raised to a level that affects behaviour during the shear stage.

NOTE A pore water pressure at the end of saturation of at least 300 kPa is normally required té.engure
adequate sdturation except in the case of soft clay specimens taken from below groundwater, whesthis high
pore water pressure is not necessary.
6.3.2.2 The effective stresses acting on the specimen during saturation shall not exceed the speciffied
effective cqnsolidation stresses.
6.3.2.3 If performing saturation with closed drainage, the following should-alSo be met:
— the observed increase in back pressure during increments of cell pressure should be atleast 90 46 of
the cofresponding increase in cell pressure.
— for effective consolidation stresses below 20 kPa the difference in the increment of cell and hack
pressure should be kept below 2 kPa.
If these criferia cannot be met, saturation using open drainage should be considered to ensure that{the
requirements of 6.3.2.2 are met.
If applying|back pressure using open drainage, the change in effective stress should be not greater than
5 kPa durifg saturation.
6.3.2.4 Fpr dilatant materials, the back pressure should be high enough to prevent gas coming oyt of
solution dyring shearing of the specimen.
6.3.3 Saturation checks
6.3.3.1 The following check-to ensure that the saturation is adequate may be performed priof to
consolidation or immediately prior to shearing. The latter option will give higher confidence that|the
specimen if adequately<saturated for the shearing stage.
6.3.3.2 The saturation of the specimen shall be checked by measuring the B-value. To perform|the
check, closg thé drainage to the specimen, increase the cell pressure by an isotropic increment (Ao) and
record the |corresponding increase in pore pressure (Au). The value of the isotropic increment needs to
be carefully chosen, reflecting the nature of the sample and the intended Iinal effective stresses required
on the sample, but increments between 10 kPa and 100 kPa are often found to be appropriate.
6.3.3.3 Calculate the B-value according to Formula (1):
Au
B = 0y
Ao

C

6.3.3.4 Saturation should be considered complete when a B-value of at least 0,95 is achieved. If the
B-value is less than 0,95, further increments of cell pressure, or cell and back pressure (6.3.2.1) shall
be applied and the B-value re-measured (6.3.3.2 and 6.3.3.3). If during repeated increments the B-value
shows no significant increase, the saturation stage may be considered complete.
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6.3.3.5 The measured B-value may increase with time. If the B-value requirement is not satisfied within
10 min after application of an isotropic increment, steps should be taken to improve the saturation of the
specimen and system before performing shear, for example by applying a higher level of back pressure
and/or longer duration of back pressure. The B value measurement shall be repeated.

6.3.3.6 The measured B-value may decrease with time, for example if a system with an air-bearing is

used in the triaxial cell. If so, further B-value checks may also be required at later stages of the test.

6.3.

3.7

If the end of saturation stage B-value requirement (6.3.3.4) cannot be accomplished, this shall

be reported as a deviation which could also include a description of the measures taken to improve the

saty
6.4

6.4
bec

6.4
the

NOT
top
top

6.5

6.5
any

6.5

b)

[ration.
Isotropic consolidation (CIU and CID tests)

1 Adjust the cell pressure until the difference between the cell pressureZand the poj
bmes equal to the specified effective stress.

2 If the cell pressure has been applied under undrained conditiofis; open the drainage |
volume change as a function of time.

E The vertical strain during consolidation can be measured by keeping the piston in cont
cap by applying a small load on the piston throughout the conSolidation stage, by attaching the
Cap by a suction device or by a fixed connection.

Anisotropic consolidation (CAU and CADPte'sts)

1 The effective stress path followed during’anisotropic consolidation shall not approad
time during consolidation.

2 Anisotropic consolidation may-be achieved by one of the following methods:

The specimen may be isotropically consolidated with an effective stress equal to
required effective consolidation stresses. Once primary consolidation is complete undg
consolidation, deviatorstress shall be applied by adjusting either the vertical or horizg
until the required anisotropic stress state is achieved with the specimen fully dr3
procedure may needto be carried out in steps to avoid excessive excess pore pressure.

Pressure ramps,which control the horizontal and vertical stresses simultaneously to a g
anisotropicétress state.

Pressure.ramps that apply horizontal and vertical stresses that are controlled by thg
behawiour, for example by maintaining a constant diameter of the specimen.

€ pressure

ne. Record

hct with the
iston to the

h failure at

one of the
r isotropic
ntal stress
ined. This

re-defined

P Specimen

6.6

i | £ lidoda
LIIU Ul CUIIDSUIIUdUIUII

The consolidation stage should be considered complete when the volume change is less than 0,1 % of
the specimen volume per hour or 0,1 cm3/h, whichever is greater, and the excess pore pressure when
measured, is at least 95 % dissipated. If this criterion cannot be met the implications for the test results
shall be evaluated and included in the test report.

6.7 Shearing
6.7.1 General

6.7.1.1 For all types of shearing described in this document, the total cell pressure shall be kept
constant (with the accuracy that can be achieved with the equipment specified in 5.6) and the specimen
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loaded to failure (sheared) by moving the piston into the triaxial cell with a constant rate (with the
accuracy specified in 5.7).

6.7.1.2 Initial readings of all measuring devices shall be taken and the position of all valves checked.
Record the rate of volumetric strain immediately prior to shearing.

6.7.1.3 Select an appropriate logging frequency for all measurement devices commensurate with the
parameters that are to be reported. Ideally at least 15 readings should be taken prior to failure, and
at intervals no greater than 1 % vertical strain. For brittle materials, readings may need to be taken at
smaller intervals of strain to define failure.

6.7.1.4 If the axial strain at which the test is to be stopped has not been specified, the test\may be
stopped when the strain reaches 15 %, or exceeds the strain at peak deviator stress by 5 %, or/when|the
deviator stfess has reduced by 20 % from the peak value, whichever occurs earlier.

6.7.2 Undrained tests (CIU and CAU)
6.7.2.1 ose the drainage lines so that no drainage can take place during shéaring.

6.7.2.2 e rate of strain shall be selected so that adequate equalization of pore pressure ocgurs
during the |shear stage. If no documented information about allowablg rate of strain is available, the fate
of vertical displacement of the load frame, viyax shall not exceed thelvalue calculated from Formulaf (2)
based on the undrained F values in Table 1:

Lo Hexey o HeXEy @
TR Fxteg T (F [ 4)xty0

The valueq of the consolidation times, t59 and t1pg; can be determined from a plot of volume agajnst
time during consolidation, following one of the.methods in ISO 17892-5.

Table 1 — Factors for calculating rate of displacement of load frame

Drainage conditions Values of F (for H;/D, = 2)
during consolidation Undrained test Drained test
from one end 2,1 34
from bothends 8,4 34
from radial boundary 7,2 56

and oné énd

frem radial boundary and 9,2 64

two ends

6.7.3 Drained tests (CID and CAD)

6.7.3.1 Tests shall be run slowly enough to ensure negligible pore pressure changes in the specimen
during shearing. The specimen shall be allowed to drain freely during shearing. If no documented
information about allowable rate of strain is available, the rate of vertical displacement of the load frame,
Vmax Shall not exceed the value calculated from Formula (2) based on drained F values in Table 1. These F
values assume that the drainage conditions during consolidation and drained shearing are the same.

6.7.3.2 For drained tests the maximum rate of vertical displacement of the loading frame, vyax should
not exceed 10 % per hour
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6.7.3.3 For drained tests on specimens with no side drains, and one-way drainage, the choice of strain
rate may be verified by measuring the pore pressure and the constant back pressure to show that they
differ by no more than 4 % of the effective horizontal stress.

6.8

Dismounting

6.8.1 For coarse grained soils a rough sketch of the specimen indicating the main failure planes may be
made, or a photograph taken, before the pressures are removed.

6.8
zer(

6.8
por

6.8

6.8

6.8
rec
pro

NO1
mag
theg

6.8
rep

the
fro

7

7.1

7.1
spe
sha

7.1

. Drain the cell fluid.

3 Remove the specimen from the triaxial cell as quickly as possible and remove)thé mer
bus discs and filter papers if used.

4 Sketch or photograph the specimen to illustrate the mode of failure.
5 Weigh the whole specimen.

6 Cut the specimen open to allow any internal structures\or inhomogeneity to be ide
rded. If there are particles greater than 1/10 of the specimen diameter, their size and aj
portion shall be noted. A photograph of the cut specimen may be taken.

E The presence of particles greater than 1/10 ofrthe specimen diameter can affect the

e particles.

resentative part of the specimen without further delay in accordance with 1ISO 17892-1 in
dry mass may be calculated. If a failure surface is present, an additional water content m
h near the failure surface.

Test results
Bulk density, dry density and water content

1 Calculatéthe initial water content from the final dry mass and the initial wet mass i

1 be used:

hbrane and

ntified and
bproximate

results. The

nitude of the effects will depend on the nature of the'specimen and the quantity, location and cofnposition of

7 Either determine the dry mass of the entire specimen, or determine the water content of a

order that
hy be taken

F the whole

rimen has.been dried. Otherwise the water content of the representative part of the speciien (6.8.7)

and

2C~ Calculate the initial bulk and dry densities from the initial measurements of specimen

imensions

7.1.3 The initial void ratio and initial degree of saturation, based on a particle density value measured
in accordance with ISO 17892-3, or estimated, may be calculated if required.
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7.2 Calculations of test parameters

7.2.1 He

ight after consolidation

If the height of the specimen after isotropic consolidation, H; is not measured, it should be estimated

according to Formula (3).

HC= (1-fx

AV
) x

H,.

1

1

(3)

NOTE
appropriate

7.2.2 Co

The corred

sectional area at any point in time shall be determined from the volume change dnd height chang

that time a

A

cor

NOTE f

When the
Formula (3

7.2.3 Co

Correction|
according

Correction,
(AGV )
Correction
(Aoy)

The elastig

he value of f1s typically 1/5 tor homogenous soils with 1sotropic stresses but other values ca
for soils with anisotropic stresses.

Frected cross sectional area

ccording to Formula (4).
V. - AV
H;, - AH

ormula (4) is not strictly valid after the formation of shear pldnes.

height change during isotropic consolidation is nat.measured the estimated value f
) should be used to calculate AH in Formula (4).

rrections for elastic membrane

o Formulae (5) and (6).

to total vertical stress:
_4Axt XE (svol)m
R A )m > —
D 3
m
to total horizontal‘stress:
_ dxt  XEN . (€vol)m
mn
D.x 3

modulis of the membrane, E;;,, may be measured for the material or may be provided by

manufactulrer. If a latex membrane is used a value of 1 400 kPa may be assumed.

ted cross sectional area of the specimen will vary with time during the‘test. The cr

h be

0SS
e at

(4)

fom

5 for the stresses imposed by the elasticmembranes on the specimen should be determined

(5)

(6)

the

As an approximation the values of (&), and (gy01)m may be assumed to be zero just after placing the
membrane on the specimen (i.e. that there are no initial strains) and may be assumed to be equal to
subsequent strains in the specimen.

NOTE

These formulae for computing the membrane correction assume that no slippage takes place between

the membrane and the specimen and therefore that the membrane deforms as the specimen. These formulae are
not strictly valid after the formation of shear planes.
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7.2.4 Correction for filter paper strips

7.2.4.1 General

The correction for vertical filter paper strips during shearing should be determined either in accordance
with Formula (7) or Formula (8).

7.2.4.2 Correction to vertical total stress

The correction to the vertical total stress during the first 2 % of strain should be determined according
to Rormm=t 73

e XK. xP,

f] f]
(Agv)fp:u (7)
0,005><DC

The correction to the vertical total stress for strains after 2 % should be déetermined adcording to

Formula (8):
Kfp Xpr

AC,)p = ——L
(49 )g 0,25% D,

(8)
A value of Kfp of 0,19 kN/m may be taken.

7.2/4.3 Correction to horizontal total stress

Corfection to the horizontal stress for the presenceéffilter papers is not required.

7.2{5 Vertical total stress

The vertical total stress applied at the mid height of the specimen shall be determined ag¢cording to

Formula (9):

P+K+o (A -
o Pt +Zc( cor a)_(on)m - (a0, ), 9)

cor

whére

K isequal to thewalue of W - [(Acor — a)h - V]

Thip expressionfor K and Formula (9) are valid when using a load measuring device thgt is placed
outfide the driaxial cell (see Figure 1) and for which zero-reading is taken when the load jmeasuring
devijice is.uni-coupled without being in contact with the specimen. The value of K may be condidered as a
conftant for a particular specimen size and specific triaxial equipment and may be negligible for small
spefimens and/or light equipment.

Other arrangements and/or procedures may require modifications of the expression for K and of

Formula (9).

7.2.6 Vertical effective stress
The vertical effective stress shall be determined according to Formula (10):

o, =0, -u (10)
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7.2.7 Horizontal total stress

The horizontal total stress shall be determined according to Formula (11):

oy, =0, —(th)m (1D

7.2.8 Horizontal effective stress

The horizontal effective stress shall be determined according to Formula (12):

on =G, —u 12)
7.2.9 Pofe pressure change
The pore pressure change shall be determined according to Formula (13):
Au = ul—-ug 13)
7.2.10 Vertical strain
The total vertical strain shall be determined according to Formula {14Y:
AH
E = 4 r14_
= 14)
7.2.11 Vertical strain during shear
The verticgl strain during shear shall be determined according to Formula (15):
ANH — AH
€, = +—= 15)
fl. — AH
7.2.12 VoJumetric strain
The total vplumetric strain shall be determined according to Formula (16):
AV i
vol Vi 16)
7.2.13 Volumetric strain during shear
The volumetric strain dnring shear shall be determined ;\r‘rnrding to Formula (17):
AV — AV
< (17)

& =
svol
V, - AV,
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Test report

8.1 Mandatory reporting

The test report shall affirm that the test was carried out in accordance with this document and shall
include the following:

a)
b)

d)

f)
g)
h)

method of test used, i.e. CIU, CAU, CID or CAD;

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

and any other relevant details rpnlnirnd’ eg dppfh of specimen within g Qnmp]p, methaod of samp]e

selection if relevant;

visual description of the specimen tested including any observed features ngted aft
following the principles in ISO 14688-1 including a description of particles thdt’exceed
specimen diameter if present and a note that the results may have been affected if an
exceed 1/6 of the specimen diameter;

specimen type i.e. undisturbed or artificially prepared and the procedure used for the g
of specimens;

initial specimen dimensions (mm);

water content (%);

initial bulk density (Mg/m3);

dry density (Mg/m3);

data from the stages prior to shearing;

— type of drainage conditions used during consolidation;

— effective stresses at the end of each consolidation stage (kPa);

— final back pressure applied (kPa);

— vertical strain and velumetric strain at the end of consolidation (%);
— the rate of volumetric strain immediately prior to shearing (% per hour);
— final B-value,

the followingiinformation during the shearing stage;

type of\drainage conditions during shearing;

rate of vertical strain (% per hour).

er testing,
1/10 of the
y particles

reparation

tire fotfowimg inmformation at fatiure;

the failure criterion adopted;

the effective stresses (kPa) and strain values (%);

the membrane and filter paper corrections applied (kPa);
description of, sketch and/or photograph showing the type of failure;

any deviation from the procedure or specified test conditions;

effective shear strength parameters and associated plots (see Annex B) where a set of three or

more mutually relatable specimens have been tested.
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