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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
through ISO technical committees. Each member body interested in a subject for which a techn

out
ical

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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles 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 subjeq
patent righits. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
any patent|rights identified during the development of the document will be in the Introduction anc
on the ISO Jist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does
constitute pn endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms
expressionls related to conformity assessment, as well as information about I1SO’s adherence to
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
URL: wwwiso.org/iso/foreword.html.

ISO 178925 was prepared by the European Committeeifor Standardization (CEN) Technical Commi
CEN/TC 341, Geotechnical investigation and testing;~in collaboration with ISO Technical Commi
ISO/TC 182, Geotechnics, in accordance with the agfeement on technical cooperation between ISO
CEN (Vienpa Agreement).

This first edition cancels and replaces ISO/TS 17892-5:2004, which has been technically revised. It
incorporatps the Technical CorrigendurixISO/TS 17892-5:2004/Cor 1:2006.

Alist of all[parts in the ISO 17892 seriés 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
standardized internationally. 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 practices (see Reference [1]).
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INTERNATIONAL STANDARD

ISO 17892-5:2017(E)

Geotechnical investigation and testing — Laboratory

te

sting of soil —

Part 5:
Incremental loading oedometer test

1 (Scope

Thif document specifies methods for the determination of the compressibility characteristics of soils
by incremental loading in an oedometer.

Thif document is applicable to the laboratory determination of the compression and dgformation
chafacteristics of soil within the scope of geotechnical investigations.

Theg oedometer test is carried out on a cylindrical test specimen thatis‘confined laterally by 4 rigid ring.
The specimen is subjected to discrete increments of vertical axial'loading or unloading and is allowed
to drain axially from the top and bottom surfaces. Tests may becarried out on undisturbed, yemoulded,
recpmpacted or reconstituted specimens.

Thestress paths and drainage conditions in foundations‘aré generally three dimensional and fifferences
can|occur in the calculated values of both the magnitude and the rate of settlement.

The small size of the specimen generally does ndt*‘adequately represent the fabric features| present in
natfiral soils.

Anglysis of consolidation tests is generally*based on the assumption that the soil is saturated. In case of
unspturated soils, some of the derived parameters may not be appropriate

NOTE This document fulfils the requirements of the determination of the compressibility chardcteristics of
soil$ in the oedometer 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 text in such a way that some or all of their content
conktitutes requifements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
1SO|14688-1;"Geotechnical investigation and testing — Identification and classification of soif — Part 1:
Identification and description

ISOL17892-1Ges [on-aGhd ermination
of water content

[SO 17892-2, Geotechnical investigation and testing — Laboratory testing of soil — Part 2: Determination

of b

ulk density

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

ofp

3

For

©IS

article density

Terms and definitions

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

02017 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— ISO Online browsing platform: available at http://www.iso.org/obp

31

excess pore pressure
difference between the pore water pressure and the equilibrium pore pressure at the end of
consolidation

3.2

primary c
process wk
due to a de|

Note 1 to en
conditions.

3.3
secondary
process in

Note 1 to e
than draina

pnsolidation
ereby the void ratio of a specimen decreases as a result of an increase in the effective st
crease in the excess pore pressure (3.1) under constant total applied load

compression
Wwhich compression occurs independent from excess pore pressure (3.1) dissipation

hitry: Time dependant volume change during secondary compression is controlled by factors o
pe conditions.

€SS

fry: Time dependent volume change during primary consolidation is primarily controlled by draiage

ther

3.4
swelling
expansion due to reduction of stress or due to increase in water content
3.5
swelling pressure
pressure rgquired to maintain constant volume+(ile. to prevent absorption of water) when a sojl is
flooded with water.
4 Symbols
A closs-sectional area of thespecimen (mm?2)
D ean diameter of the.obedometer ring (mm)
dr  deformation gauge reading at the end of a load increment
di  deformation gauge reading at the start of a load increment
er  vpidtatio of the specimen at the end of a load increment
eo
H  mean height of the oedometer ring (mm)
Hr  height of the specimen at the end of a load increment (mm)
H;  height of the specimen at the start of a load increment (mm)
Hs  equivalent height of solids (mm)
Ho initial height of the specimen at the start of the test (mm)
mq  dry mass of the specimen (g)
2 © IS0 2017 - All rights reserved
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wo initial water content of the specimen (%)

Ey,f

p initial bulk density of the specimen (Mg/m3)

pd  initial dry density of the specimen (Mg/m3)

ps  particle density (Mg/m3)

o’y vertical effective stress (kPa)

vertical strain at the end of an increment, compression being defined as positive strain (%)

5

See

5.1
Thd

Intd

The
pet

Thd
to g
hor

5.2

Thd
of w

be plain, clean and ufidamaged. The material shall be of negligible compressibility under the

stre

Ifn
the
dra

Equipment

Annex A for calibration requirements for the equipment in this clause.

Oedometer ring

rnal dimensions should conform to the following:
diameter (D): not less than 35 mm;

height (H): not less than 12 mm;

ratio (D/H): not less than 2,5.

internal surface of the ring shall be smoothand may be lubricated with a thin film of silic
roleum jelly, or other suitable lubricant.

ring shall either be laterally confined to restrict expansion under load, or have sufficie
revent the internal diameter expanding by more than 0,05 % when subjected to the
zontal stress resulting from the test.

Porous discs

top and bottom perous discs shall be of corrosion-resistant material and shall allow frg
rater, while preventing intrusion of soil particles into their pores. The upper and lower su

ss likely tao.beapplied during the test and shall be strong enough to prevent breakage un|

bcessary, a filter paper may be used to prevent intrusion of the soil into the porous disc
permeability of the discs and the filter paper shall be sufficiently high to prevent retard
nage of the specimen.

ring shall be made of corrosion-resistant material and shall have-a sharp cutting egige. A ring
moyinted with a temporary sharp cutting edge may be used.

bne grease,

ht stiffness
maximum

e drainage
rfaces shall
maximum
der load.

. However,
htion of the

The diameter of the top porous disc shall be smaller than the ring by 0,2 mm to 0,5 mm in order to
prevent binding to the ring and to prevent extrusion of the sample, and shall be larger than 85 % of the
diameter of the loading cap. The top porous disc may be tapered towards the upper face to minimize

the

risk of binding due to tilt.

In a fixed-ring cell [see Figure 1 a)], the bottom porous disc shall be large enough to support the

oed

ometer ring.

In a floating-ring cell [see Figure 1 b)], the diameter of the bottom porous disc shall meet the same
requirements as the top disc, but tapered towards the lower face.

© IS0 2017 - All rights reserved
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Key
1 loadingcap
2 lateral festraint for ring
3  cell body
4  porous|discs
5 oedométer ring

Figure T— General arrangements of typical oedometer cells
Before use, new porous discs shall be saturated by boiling in distilled water for at least 20 min, and
allowed to cool before use.

The surface of the porous discs which have previously been used shall be cleaned, for example using a
natural bristle or nylon brush, followed by a check that the porous discs are readily permeable to water
and that the pores are not clogged by soil particles.

Porous discs shall be kept immersed in water until required for use. For soils that readily absorb water
(e.g. stiff clays), the porous discs should be air-dried immediately before use.

4 © IS0 2017 - All rights reserved
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Cell body

The cell body shall be made of a suitable corrosion-resistant material.

A fixed-ring cell [see Figure 1 a)] shall accept the oedometer ring and shall be rigid enough to prevent
significant lateral deformation of the ring when under load.

A floating-ring cell [see Figure 1 b)] shall provide adequate clearance around the outside of the ring.

The assembled cell shall be watertight and shall hold water to a level which submerges the upper

por

ous disc.

5.4

The
acd

The

5.5

The
0,1

The

Loading cap

loading cap shall be rigid enough to ensure negligible deformation under load. It shall be
ntral load seating and shall be mounted centrally in the oedometer ring.

loading cap shall have perforations or grooves to allow the free drainage of pore water.

Deformation measurement

Do of the initial specimen height.

fitted with

deformation measuring device shall have a resolution of at least 0,01 % and accuracy] of at least

measurement of deformation of the soil to be tested shall use a device suitable for measuring and

displaying/recording as mentioned above, e.g. a dial gauge or electrical displacement transdjucer.

5.6

Thd
onlj
pne

Thd
1k
dur
wit
Ade

whd
Thd

5.7
Thd

Loading frame

umatic or electromechanical means.

nin a period of 2 s.

load frame shallbe free of vibration.

Ancillary apparatus

ancillary apparatus consists of:

bdlance, accurate up to 0,01 g or 0,1 % of the weighed mass, whichever value is greater;

loading frame shall allow the application.gf vertical stresses acting centrally on the lpading cap
. The frame may apply load either by addition of physical weights, or by other mechanical} hydraulic,

vertical stress applied to the specimen shall be accurate to at least 1 % of the intended stress or
Pa whichever is the greater. The-stress shall remain constant within these limits thropghout the
ation of a loading increment. Fhe mechanism should allow the application of a given load increment

quate arrangements(shall be made to ensure stability of the load frame, or a group of lgad frames,
n fully loaded. This’¢an be achieved by bolting the load frame or group of load frames to the floor.

timer, readable to 1 s;

thermometer, readable to 1°C maximum/minimum;

metal disc with flat, smooth and parallel end faces. The diameter shall be about 1 mm less than the
internal diameter of the oedometer ring and the height shall be the same as that of the ring;

apparatus for determination of water content;
apparatus for determination of particle density;

vernier or digital callipers, reading to 0,05 mm.

© IS0 2017 - All rights reserved
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5.8 Apparatus for specimen preparation

The apparatus for specimen preparation consists of:

cutting and trimming tools, e.g. cheese-wire, wire-saw, sharp knife, scalpel;
spatulas;
straight-edge trimmer;

straight edge;

steel t
flat gla

extrus|

5.9 Wate

Water of a
of the watg
more likely

'y-square;
ss plate;

ion equipment and clamping jig, for preparing and trimming specimens fromsa tube sam

18

similar chemistry to the pore water should be used if the soil is susceptible to the chemi
r. If the chemistry of the pore water is unknown, tap water shouldté used as its chemisti
to be similar to ground water than distilled water would be,

6 Test procedure

6.1 Gen

The mean
of the ring|

The initial
6.2 Speq
6.2.1 Se

6.2.1.1 T,
available:

trimm

extrus

recom

bral

liameter of the largest particle within a specinien should be less than one-fifth of the he
water content (wg) should be determined according to ISO 17892-1 on soil trimmings.
imen preparation

ection of preparation method

on directly into an oedometer ring from a sample tube of a larger diameter than that of the

baction, remoulding, reconstitution or reconsolidation of disturbed soil.

ng from an tindisturbed sample extruded from its sampling tube, or from a block samplg;

ble.

Stry
yis

ght

est specimens maycbe-prepared by the following methods, depending on the type of sanpple

)

ing;

6.2.1.2 The cutting edge and condition of the oedometer ring shall be visually checked to be free from
damage prior to each use.

6.2.2 Trimming from extruded or block sample

6.2.2.1 A horizontal flat surface shall be prepared on the sample of a size larger than the diameter of
the oedometer ring.

6.2.2.2 The sample shall be placed on to the trimming apparatus, the ring shall be fitted into its holder
and the cutting edge shall be lowered on to the prepared surface. The ring should be centred on the
sample, unless visible discontinuities or disturbance suggests that a better quality specimen can be cut

off-centre.

6
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6.2.2.3 The ring shall be steadily pushed into the sample until it is filled with soil with an excess
protruding from the top. Soil cuttings shall be removed so that advance of the ring is not impeded.

6.2.2.4 With stiff soils, the sample shall be trimmed in advance of the ring to about 1 mm or 2 mm
larger than the internal ring diameter so that the cutting edge removes the remaining thin layer.

6.2.2.5 The sample shall be cut off underneath the ring to remove the ring and contained soil.

6.2.2.6 Each end of the specimen shall be trimmed in turn, using appropriate tools to cut away excess
soilalittle at a time. The ends shall be checked to be flat and flush with the ring

6.2]13 Extrusion from tube of diameter larger than the oedometer ring
6.2{3.1 The sampling tube shall be mounted in the extrusion device and secured.

6.2)3.2 Any disturbed soil shall be extruded from the end of the tuberand the surface|of the soil
renjaining in the tube shall be trimmed flat.

6.2{3.3 The sample shall be extruded through the oedometer ringywhile checking that the|excess soil
can|be removed easily and does not impede the extrusion process:

6.2{3.4 Each end of the specimen shall be trimmed in turn using appropriate tools to cut away excess
soilla little at a time. The ends shall be checked to be flatand flush with each edge of ring.

6.214 Recompacted specimens

6.2}4.1 Disturbed samples shall be prepared by compacting the soil into a suitable mquld (e.g. a
conjpaction mould), either at the required water content under the application of the dppropriate
conjpaction effort or to achieve the specified dry density.

6.2}4.2 The sample shall be extruded from the mould and the test specimen shall be prepardd by one of
the [methods described above(6:2.2 or 6.2.3). With friable soils, it may be necessary to compact the soil
dirgctly into the oedometen(ring. Trials should be made to ascertain the degree of controlled gompaction
reqfiired to achieve the desired density.

6.3| Measurement

6.3]1 Immediately after preparation, the soil and ring shall be weighed to the nearest 0,01 g, and the
mags of the-specimen shall be calculated.

6.312-20The diameter, height and volume of the specimen may be assumed to be equal to the
corresponding internal dimensions of the ring.

6.3.3 The test should be started immediately after the specimen has been prepared. If a short delay is
unavoidable, the sample should be wrapped to prevent the specimen from air drying.

6.4 Preparation of apparatus
6.4.1 Assembly of cell

6.4.1.1 If wet porous discs are used, free water shall be allowed to drain from them and excess surface
water removed before placing in the oedometer cell.

© IS0 2017 - All rights reserved 7
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6.4.1.2 The bottom porous disc, the specimen in its oedometer ring and the top porous disc shall be
placed in the correct alignment in the oedometer cell (see Figure 1). Filter papers may be placed between
the specimen and the porous discs. Place the loading cap centrally on the top porous disc.

6.4.2 Assembly in load frame
6.4.2.1 The oedometer cell shall be placed in position on the apparatus.

6.4.2.2 A small seatlng pressure shall be applied to the spec1men not exceedlng 3 kPa (1n addltlon to
the stress g

system ang
applied axi

6.4.2.3 T

6.4.2.4 T

6.4.2.5 If
The initial
the maxim
types of ap

| the 5011 Care shall be taken to assemble the top cap and load frame such that the lo
plly without imposing tilt of the top cap.

ing to zero deformation shall be recorded.
ke and record the initial time reading.

a system with counter-balanced beams is used, the beam shall lie balanced prior to the 1
inclination of the beam upwards should be about equal to the inclination downwards ur
him loading to be applied, so that the mean position during)the test is horizontal. For m
paratus, the inclination of the beam is not critical.

6.5 Loading

6.5.1 Lo

6.5.1.1 T
nature of tl

6.5.1.2 A

decrement

ading sequence

he sequence of stresses to be applied to the specimen should be defined, taking into account
e soil, the presumed in situ stress history and the parameters that are required from the teg

minimum of seven load stages should be applied, although additional increments
5 of loading may be required:to fully define the potential range of consolidation parame

he deformation measuring apparatus shall be secured in position and the~initial readling
correspond

est.
der
any

the

o

or
Lers

including the pre-consolidation pressute or yield stress.

6.5.1.3 K
pressure, ¢

pr soils with a swelling tendency, if the chosen initial vertical stress is less than the swellling
are will be requiréd when water is introduced to the specimen (see 6.5.2).

6.5.1.4 L
stage in thg

pading sequénces typically increase the vertical stress by a factor of two for each additipnal
load sequence, although other factors including variable factors may be used.

NOTE
of stress.

A doubling of each load in the sequence gives an even distribution of data points on a logarithmic|plot

6.5.1.5 The largest vertical stress to be applied should be in excess of the maximum vertical stress
likely to occur in situ. If the apparent pre-consolidation pressure is to be determined (B.6), loading should
extend to determine the slope of the virgin compression line on a logarithmic plot of stress. For some
soils this may require very large stresses.

6.5.1.6 It is recommended to include one or more unload/reload loops in the loading sequence.
Normally, the number of unloading stages during each unloading should be at least two. If an
unload/reload loop is required in order to assess and reduce the effects of sample disturbance and
system compliance, it should be included before the apparent pre-consolidation pressure is reached.
If the swelling index is to be determined (B.4.2), an unload/reload loop should be included after the
apparent pre-consolidation pressure is reached.

© ISO 2017 - All rights reserved
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6.5.2 Application of loads

6.5.2.1 The deformation gauge reading before application of each load shall be recorded as the initial

reading for that load increment stage (d;).

6.5.2.2 The required load shall be applied carefully without jolting, and should be fully applied within
a period of 2 s. A jacking system may be used to support the lever arm while weights are added to the

hanger. The timer shall be started without delay.

a ars a ara C A Qe en ALD al Qe Cl

t is suspected that the sample may swell under the applied stress, water may“h
| increment subsequent to the first. Furthermore, water shall be added during the test to

(&

6.5{2.4 If the specimen begins to swell after adding water, swelling shall be pfreyénted by ir
incgeasing the vertical stress to the next load in the sequence. If the chosen initial vertical stre
and the swelling pressure significantly higher, this may need repeating two or more times.

6.5)2.5 The deformation gauge readings shall be recorded at suitable intervals of time to

issubmerged.

added at a
'eplace any

hmediately
ss was low,

enable the

graphs referred to in Annex B to be plotted in sufficient detajl for them to be interpretedl. For each

inclement, the following reading intervals are suggested: 0 s, 1075,20 s, 30 s,40s, 50 s, 1 min, 2
in, 15 min, 30 min, 1 h, 2 h, 4 h, 8 h, 24 h. Subsequent réadings, if necessary, should be 1
leagt at the start, middle and end of each working day. If detéermination of the coefficient of co
(Anpex B) is not required, such frequent readings may notbe necessary.

6.5
priy
req
ling

hary consolidation has been completed. :Ifthe coefficient of secondary compression
lired for a given pressure increment, the duration of the increment should be sufficient to
ar portion of the log time/settlement plotto be established.

NOTI
con

E While it is normal to apply Jload increments for a period of 24 h each, completion
olidation might be achieved in longer or shorter periods, depending on the type of soil.

6.5
increment stage.
6.5
6.5

2.8 The verticalystress shall be increased (or decreased) to the next value in the seqy
D.2, and then repeat 6.5.2.5 to 6.5.2.7.

6.6 Dismantling

6.6

min, 4 min,
ecorded at
hsolidation

2.6 The vertical stress shall be maintaineduntil the deformation gauge readings indicate that

(B.5.3) is
enable the

of primary

2.7 The deformation-gauge reading, dr, shall be recorded at the termination of the load

ence, as in

1. At completion of the test, the water shall be drained from the cell and the porous

discs. Any

exc

rS Laolll £ sklosoo a1 11 _£, 1 AN L. 1 A
oo vvdilUI oSlldIl UU TUITIIUVUU ITUIIT VVIUIIIT LIIC UUII, TUI CAClllllJlC VVILIL dIl AdUSUIT UCUIIU tIooUT.

6.6.2 The vertical stress shall be removed from the specimen and the cell shall be removed and

dismantled.

6.6.3 Determine the dry mass of the specimen, either by

drying the whole specimen in accordance with ISO 17892-1, or

the equipment, and determining the final water content by drying a representative
accordance with ISO 17892-1.

© IS0 2017 - All rights reserved
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6.6.4 Cut the specimen open to allow any internal structure or inhomogeneities to be identified and

recorded.

7 Test results

7.1 General

The following subclauses describe calculations and plots which are mandatory for reporting. Examples
and suggestions for optional reporting are given in Annex B.

7.2

7.2.1 Gelneral

Reported yalues should ideally be based on measurements on the whole specimen.

7.2.2 In

The initial
the final d

calculated
trimmings

If the pore
be require

7.2.3
The initial
accordancg

7.3 Com

7.3.1 Ge|

The compr
specimen 2
and/or line

verticg

specinjen;

void r4

Initial values

Initial bulk and dry density

tial water content

water content, wo (%), should be determined from the initial wet mass of the specimen
'y mass of the specimen. The final mass of the dry specimen may be measured directl
from the final wet mass and final water content. The initial water content derived fi
may be used as an alternate.

water contains dissolved minerals, correction for theloss of these during consolidation 1
.

with ISO 17892-2.
pressibility characteristics

neral

essibility characteristics shall be illustrated by plotting a measure of the compression off

ar scale. Recommended measures of specimen compression include:

| strain expressed as the percentage change in height referred to the initial height of

tio.

and
7 or
Fom

may

bulk and dry density, p and pq (Mg/m3), shall be determined by linear measurement in

the

s ordinate agaipst\the corresponding applied stress, ¢, (kPa), as abscissa on a logarithmic

the

7.3.2

Specimen height

7.3.2.1 The heights of the specimen, Hf (mm), at the end of each loading or unloading stage are
calculated from the deformation gauge readings, if necessary corrected for any apparatus deformation
under load (see Annex A).

7.3.2.2 Iftheload increment duration is not constant throughout the test, or if load increment duration
is appreciably longer than 24 h, consideration may be given to calculating the heights of the specimen
after 24 h from the start of each load increment. In this case the new value is used as Hr.

10 © IS0 2017 - All rights reserved
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7.3.3 Vertical strain

If compression results are to be plotted in terms of vertical strain, the vertical strain at the end of each
increment, €y f, shall be calculated according to Formula (1):

H,-H

0 f
€ =———— 1
v,f HO ()

7.3.4 Void ratio

7.314.1 If compression results are to be plotted in terms of void ratio, void ratios shall be‘¢ajculated.

7.314.2 The initial void ratio, eg, is calculated from the initial dry density and a measured ¢r assumed
particle density calculated according to Formula (2):

p
ey = — - (2)
P4

7.314.3 The void ratio, ef, corresponding to the heights at the €nd of each loading stage shall be
caldulated according to Formula (3):

H.-H
f s
e =——— 3
£ T (3)
S
Where Hg is the equivalent height of solids and is calculated from either Formula (4) or Formula (5):
1000m
H =—F% (4)
ps A
H
- (5)
l1+e,

© IS0 2017 - All rights reserved 11


https://standardsiso.com/api/?name=9a5dbaa486c0be85279cfcf203fdc3c4

ISO 17892-5:2017(E)

7.3.5 Co

mpression-stress diagram

7.3.5.1 Values of the chosen measure of compression shall be plotted as ordinate against vertical
effective stress on a logarithmic or linear scale as abscissa. An example plot is shown in Figure 2.

Key
1 loading

2 unloadlng

a near-li

7.3.5.2 T

7.3.5.3 T

8 Test geport

8.1 Mandatory reporting

The test rg
include thdg

o |

8y ——

H=

loger’,

ear portion

Figure 2 — Example plot of void ratio against vertical effective stress

he plotted points may be connected by smooth curves or straight lines for presentation.

he initial value of the chosen measure of compression shall be indicated on the vertical ax]

portshall affirm that the test was carried out in accordance with this document, and s
following information:

LS.

hall

a) identification of the sample, e.g. origin, geographical location, sample number, depth or level, etc.;

b) visual description of the specimen, including any observed features noted after testing, following

the pri
c) depth,

nciples in ISO 14688-1;

location and orientation of the test specimen within the sample;

d) method of preparation of the test specimen;

e) initial dimensions of the specimen;

f) initial water content and a statement that it has been based on the specimen trimmings if
appropriate;

12
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g) initial bulk density and dry density;

h) compression-stress plot, i.e. a plot of the chosen measure of compression against the applied stress
to alogarithmic and/or linear scale for the complete test;

i) average laboratory temperature at which the test was performed;
j)  whether the results have been corrected for equipment deformation;

k) deviations from the test method.

8.2 Optionalreporting
The following additional information may be required (see Annex B):

a) |particle density used, and whether it has been measured according to 1SQ,17892-3 o has been
assumed;

b) |initial and final void ratio;
c) |degree of saturation;
d) |final water content;

e) |plots of compression against time (logarithm of time op-square root time, or both as appropriate)
for each or for selected load or unload stages;

f) |additional tables of results and/or parameters calculated from the test data and wherg applicable
whether these have been corrected for temperature, some examples of which are given |n Annex B.

© IS0 2017 - All rights reserved 13
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A1l Ge

All measu
shall be ch
specified i

If calibrati
accredited
internation

Where cal
appropriat
should be
above. Wh
environme
shall be at
achieved.

In-house d
Records of]

Notwithst§
reference
adjusted o1

All calibrat

A.2 Env

Test specir
If the prep
content.

The area i
disturbandg

Annex A
(normative)

Calibration, maintenance and checks

ement equipment used in this document shall be calibrated periodically, its perferma
cked where required at intervals, and it shall be operated in a controlled environment
this annex. This annex defines these requirements for this method.

bn of measurement equipment is carried out by a third party, it shall beCearried out by

al standards of measurement.

e reference standards or instruments that are used solely for.calibration purposes. Th
calibrated by an accredited calibration laboratory with¥certification requirementg
bn not in use, reference measurement equipment should)be retained securely in a suit
nt separate from working standards or instruments. Reference standards and instrumg

alibration procedures shall be documentediand only performed by approved pers
such calibrations and of performance checks’shall be retained on file.

inding the required calibration or check intervals in this annex, whenever any iten
bquipment or test measurement.egquipment has been mishandled, repaired, dismant
overhauled, it shall be recalibrdated before further use.

ed equipment shall be used.only within the range for which it has been calibrated.

jronmental conditions
hens shall be prépared in an environment which avoids significant loss or gain of soil w4

aration process/is interrupted, the specimen shall be protected from changes to its w.

In which>the test is carried out shall be free from significant vibrations and mechan
e. Th& apparatus shall be protected against sunlight, local sources of heat and draughts.

nce
fso

f an

calibration laboratory. The certification shall show traceability to recognized national or

bration of test measuring equipment is carried out in-house, the laboratory shall hold

ese

as
hble
bnts

least as accurate as the working device so that the desired accuracy of test measurement is

DIS.

1 of
led,

ter.
hter

ical

The tempe

- £l b ol A h | 111 . g 1 L 200 1 . il b = | 1 111 .
dlUulTUItIIT LCSUIULALIVITSITA I DT HIAHILATIITCTU WILIITIT 2 O UG UUT T g LITT LS L AU SIIdITUT VET T

ied

by measurement and records kept. The recording of daily minimum and maximum temperatures of the
test location shall be acceptable.

A.3 Equ

ipment

A.3.1 Ovens

The set temperature close to the mid-point of the usable oven space of an empty oven shall be checked
by means of a calibrated temperature measuring device at least once a year.

14
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The temperature distribution of an empty oven shall be checked before first use and after any major
repair or replacement of heater elements and/or thermostat. If any of the individual temperature points
is found to be outside the specified range of the set temperature, remedial action shall be taken.

A.3.2 Thermometers

Reference thermometers shall be calibrated or replaced at intervals not exceeding five years. All other
liquid-in-glass thermometers shall be calibrated before first use and shall be recalibrated or replaced at
intervals not exceeding five years.

An ice point or another appropriate single-point check of working thermometers shall be carried out six
mofths after first being brought into use, then annually in addition to the five year calibratipn interval
reqpirement.

If thermocouples are used for verifying oven temperatures, they shall be calibrated-against p reference
thermocouple, reference platinum resistance thermometer or reference liquidfin-glass thermometer
befgre first use and thereafter at least once a year.

A.3.3 Balances

Balances shall be calibrated over their working range, using certified reference weights, aff least once
a ygar in the location in which they are used. Reference weights shall be appropriate to the category
of Halance being calibrated, and shall have a tolerance (maximam permissible error) bette¢r than the
res¢lution of the balance to be calibrated. Reference weights shall be calibrated when first bfought into
useland thereafter at least every two years.

Balances shall be checked on each day of use to confirmthe zero point and to confirm the mgss of a test
item of known mass. The test item should not corrode or otherwise change mass with time, pnd should
have a mass within the range of 50 % to 80 % of:the working range of the balance. The rem:llts of these
chefks shall be recorded. If the balance cannotbe zeroed or the mass of the test weight is found to be
outside the tolerance specified in 5.7, the balance shall be taken out of service until remedipl action is
conjplete.

A.3l4 Oedometer ring
The dimensions of the oedometer ring and mass shall be verified at least once per year as follows:

— |the internal diameter ‘of the oedometer ring shall be measured in at least two perjpendicular
directions to the nearest 0,05 mm, and the mean diameter (D) and the cross sectional afea shall be
calculated;

— |the height af’the ring at four equally spaced points shall be measured to the nearest 0,05 mm, the
mean height(H) shall be calculated and the ring shall be weighed to the nearest 0,01 g.

A.3l5 Deformation apparatus

In some circumstances the deformation of the gedometer equipment may cigniﬁr‘nnﬂy affect the

measured deformation of the sample during the test. This effect increases with increasing applied load
and specimen stiffness, particularly if filter papers are used.

The need for a correction to be made to the measured data should be determined, taking account of the
maximum load to be used in the test.

The following procedure may be used to obtain a correction.

— The oedometer apparatus for use in the test is assembled by using the metal disc in place of the
specimen. The porous discs shall be moistened. If filter papers are to be used during the actual
test, they should be moistened during calibration and sufficient time should be allowed during the
calibration process for the water to be squeezed from them.

© IS0 2017 - All rights reserved 15
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It is advisable before a calibration loading test to first load and unload the metal disc without

taking any readings in order to avoid small movements, strains, inequalities, etc., and then start the
calibration loading.

deformation gauge corresponding to each increment shall be recorded.

Increments or decrements of load are applied similar to those applied in a test and the reading of the

The deformations should be tabulated as cumulative deformations against the applied loads or

plotted as a graph of cumulative deformation against the applied load. In the calibration report it
should be clearly noted whether filter papers were used during the calibration process and, if so,
what type of filter paper was used.

The calibration obtained from the above procedures should be used to correct the deformation g4

readings
deducted f
itself unde

In extreme
results. To

The most 4§
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A.3.6 Oe
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1gor0,19

Other mea
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The devicq
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Timing dey
oft1sina

|

ring oedometer testing. The appropriate value of the apparatus deformationsshoulg

" the given load. This correction is likely to be significant only for relatively stiff Soils.

y stiff soils, tested at high stress levels, the lateral deformability of the ring may also affect
hvoid lateral deformation of the specimen, special very stiff oedometer rings should be usq

ccurate correction may be obtained by following the actual load. sequence and duratio
mediately before or after the test of the specimen using the samé.equipment.

dometer weights

weights (if used) shall be checked at least every five years to show that their mass is wi
b of their declared mass, whichever is greater.

hs of applying load (if used), and any electronig force measurement devices such as load ¢
nall be calibrated at least once per year to achjeve the accuracy required in 5.6.

mensional measurement devices

s used to measure the specimenidimensions and deformations during the test shal
hgainst reference gauge blocks,or-other reference device at least every year. Reference ga
other reference devices shallbe calibrated at least every five years.

ices, such as clocks-and stop watches, shall be calibrated at least once per year to an accuf
10 min period,
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Annex B
(informative)

Additional calculations

e,

IO

C. compression index, i.e. the gradient of the linear portion of the void ratio versus the loga-
rithm of vertical effective stress curve beyond the pressure of pre-consolidation

Cs swelling index, i.e. the gradient of the linear portion of the void ratio versus the logarithm of
vertical effective stress swelling curve

cy  coefficient of vertical consolidation, i.e. parameter which relates)the degree of congolidation
to time from the start of consolidation (m2/s or m2/year)

. coefficient of secondary compression, i.e. the ratio of the change in height to the initial height
over one log cycle of time during the secondary comfpiression phase

Hoeq oedometer modulus, i.e. the ratio between the vertical effective stress and strain. The symbol
M may be used alternatively (MPa or kPa)

fr  temperature correction factor (see Figure B.5)

L length of drainage path, allowing for\cliange of the specimen height, and is equal td half the
specimen height for drainage fromboth ends (m)

my  coefficient of volume compressibility (MPa-1)
Sc  compression stiffness index

S- degree of saturatien (%)

Ss  swelling stiffness index

T  temperatufe (°C)

50 timete-50 % primary consolidation (s)

g Line to 90 % primary consolidation (s)

6% apparent pre-consolidation pressure or yield stress (kPa)

pw  density of water at the test temperature (Mg/m3)

B.2 Soil condition

B.2.1 Degree of saturation

The degree of saturation, Sy (%), of the specimen before testing is calculated from Formula (B.1):

Wa -
s, _ Yo Ps (B.1)
€y Pw

© IS0 2017 - All rights reserved 17
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B.3 Compressibility parameters

B.3.1 Coefficient of volume compressibility

The coefficient of volume compressibility, m, (MPa-1), for each load increment is calculated from

Formula (B.2):
_ H, —H, . 1000

\'%4 ’
H; Oy2

m (B.2)

_G,
vl

where

o’v1 1s the pressure applied to the specimen in the previous load increment, in kPa;

o’v2 1s the pressure applied to the specimen in the load increment being considered,in kPa.

B.3.2 Oedometer modulus

The oedonteter modulus, Eyeq (MPa or kPa), also known as the secant modulus, for each load increnjent
is calculatdgd either from Formula (B.3) or Formula (B.4):

E o4 7 i:‘,’ (B.3)
v
4% e (B4)
oed Se 0
where
60’y 14 the change in stress between thie last load stage and this one;
6ey 4 the change in vertical strain\during the load stage, relative to the specimen height at thg
start of the load stage;
6e  if the change in void ratio during the load stage.

B.3.3 Compression-stiffness index

The compiessionstiffness index, Sc, from the linear portion of the compression curve as showh in
Figure B.1 s ecalculated from Formula (B.5):

logo’
S.= v (B.5)
0¢
where
Oy is the change in vertical strain along the chosen linear section of the compression curve;

6logo’, isthe change in logarithm of applied stress along the chosen linear section of the
compression curve.

18 © IS0 2017 - All rights reserved
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B.3|

The

is calculated from Formula (B.6):

whére

logo’,

Figure B.1 — Change of effective stress and vertical strain ferincremental loading and

unloading

4 Compression index

compression index, Cc, from the near-linear portion of the compression curve as shown ir] Figure B.2

_ —de
c ’
dlogo,
o€ is the change in void ratio along the chosen linear section of the compression CI
6logo’y is the change inllogarithm of applied stress along the chosen linear section of t

compression curve.

© IS0 2017 - All rights reserved
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(B.6)
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logo’,

Figure B.2 — Change of effective stress and void ratio for incremeéntal loading and unloading

B.4 Swellling parameters

B.4.1 S\A"lelling stiffness index

The swelling stiffness index, Sg, from the unloading pofition of the curve is calculated from Formula (B.7):
dlogo’
S =+ 8% (B.7)
3

B.4.2 S\Alelling index

The swelling index, Cs, from the unload/reload portion of the curve is calculated from Formula (B.8|:
C, = _L, (B.8)
-{6logo,

B.5 Conpolidation parameters

B.5.1 Copfficient of consolidation

B.5.1.1 General

Either the logarithm-of-time curve-fitting method or the square root time curve-fitting method can
be used for evaluating the coefficient of consolidation, cy, during each load increment. Alternatively,
a combination of these methods may be used. The following examples represent idealized data. Real
sample data may not allow either curve fitting method to be used with confidence and thus, a value of
cy may not be determinable.

B.5.1.2 Log time method

For each stage, plot the height or change of height of the specimen as ordinate against the logarithm of
time as abscissa (see Figure B.3).
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logfsg logt
T =
|
|
- Jl_ __________ dy
|
|
J |
1 |
|
|
[
|
2 N s
t t
————————————————— — (o
Al
Key
1 |ratio 1:1
2 |ratio 1:4

B.5|1.2.1 The corgected zero point is located by marking off the difference in ordinates bq
twd points on thednitial (convex) portion of the curve having times ¢1 and tp, where t; is fo
and|laying off art¢qual distance above the upper point. This operation may be repeated using
of goints having times in the same ratio, and the average of the compression readings taken|
det¢rmined-is’taken as the corrected zero compression point, denoted by dj.

Figure B.3 — Laboratory consolidation curve: example of log time fitting method

btween any
Ir times tq,
other pairs
. The value

B.5{1:2:.2 The tangents to the two linear portions of the laboratory curve are drawn and exte

nhded, i.e. at

the point of inflection, and the secondary compression portion. Their intersection gives the compression

corresponding to theoretical 100 % primary compression, denoted by d1o.

B.5.1.2.3 From the zero and 100 % points, the 50 % primary compression point, ds, is located on the

laboratory curve and its time, t5¢ (in seconds) is obtained.
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