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0 National Foreword

The Tanzania Bureau of Standards is the statutory national standards body for Tanzania,
established under standards Act No. 3 of 1975, amended by Act No. 2 of 2009.

This draft Tanzania Standard was prepared by BCDC 13 Foundation and Soils for civil engineering
purposes technical committee under the supervision of the Building and Construction Divisional
Committee (BCDC).

In preparation for this draft Tanzania Standard reference was made to BS 1377-2:2022.

It has been assumed in the drafting of this standard that the execution of its provisions is entrusted to
appropriately qualified and experienced personnel, for whose guidance it has been prepared.

A Tanzania Standard does not purport to include all the necessary provisions of a contract. Users of
Standards are responsible for their correct application.

Compliance with this Standard does not of itself confer immunity from legal obligations.

1 ©TBS 2023-All rights reserved
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1 Scope

This draft Tanzania Standard specifies methods of test for the classification of soil and for the
determination of geotechnical properties of soils in the laboratory.

Most of these tests are required for the determination of geotechnical behaviour of soils in accordance

with BS EN 1997 (all parts) and BS 5930.

This draft Tanzania Standard includes:

a) common laboratory tests required for the classification of sails;

b) determination of compaction characteristics of soils for earthworks, permeability, compressibility and
erodibility; and

c¢) determination of shear strength of soils in terms of both total and effective stresses.

NOTE

Where EN ISO test methods are available, these are normatively referenced and commentary provided to
assist in their application.

BCDC 13 (2045) specifies requirements that include details of sample preparation and equipment
calibration that are relevant to tests described in this part of BCDC 13 (2046) DTZS, unless otherwise
detailed in the referenced TZS 3308 /BS EN ISO 17892 standard.

2 Normative references

BCDC 13 (2045), Methods of test for soils for civil engineering purposes - Part 1: General requirements
and sample preparation

BS 812-124:2009, Testing aggregates - Part 124: Method for determination of frost heave

BCDC 13 (1864)/BS EN ISO 17892-1:2014, Geotechnical investigation and testing - Laboratory testing
of soil - Part 1: Determination of water content

TZS 3308-2/BS EN ISO 17892-2:2014, Geotechnical investigation and testing - Laboratory testing of
soil - Part 2: Determination of bulk density

TZS 3308-3/BS EN ISO 17892-3, Geotechnical investigation and testing - Laboratory testing of soil -
Part 3: Determination of particle density

TZS 3308-4/BS EN ISO 17892-4;2016. Geotechnical investigation and testing - Laboratory testing of
soil - Part 4: Determination of particle size distribution

BCDC 13 (1890) /BS EN ISO 7892-5;2017. Geotechnical investigation and testing i Laboratory testing
of soil T Part 5: Incremental loading oedometer test

TZS 3308-7/BS EN ISO 17892-7:2018, Geotechnical investigation and testing - Laboratory testing of
soil- Part 7: Unconfined compression test

TZS 3308-8/BS EN ISO 17892-8:2018, Geotechnical investigation and testing - Laboratory testing of
soil - Part 8.- Unconsolidated undrained triaxial test

TZS 3308-9/BS EN ISO 17892-9:2018, Geotechnical investigation and testing - Laboratory testing of
soil - Part 9: Consolidated triaxial compression tests on water saturated soils

TZS 3308-10/BS EN ISO 17892-10:2018, Geotechnical investigation and testing - Laboratory testing
of soil - Part 10: Direct shear tests

TZS 3308-11/BS EN I1SO 17892-11 Geotechnical investigation and testing - Laboratory testing of soil -
Part 11: Permeability tests

BCDC 13 (1863)/BS EN ISO 17892-12:2018+A1:2021, Geotechnical investigation and testing -
Laboratory testing of soil - Part 12: Determination of liquid and plastic limits

3 Terms and definitions
For the purposes of this standard, the definitions given in BCDC 13 (2045) apply.
4 Determination of water content

COMMENTARY ON CLAUSE 4

Water is present in most naturally occurring soils. The amount of water, expressed as a proportion by
mass of the dry solid particles, previously known as the water content, has a profound effect on soil
behaviour. In this context, a soil is "dry" when no further water can be removed at a temperature not
exceeding 110 °C.

©TBS 2023-All rights reserved 2
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Water content is required as a guide to classification of natural soils and as a control criterion in
recompacted soils and is measured on samples used for most field and laboratory tests. The oven-
drying method is the definitive procedure used in standard laboratory practice.

In some situations, e.g. in the field control of earthworks, a rapid method of measurement of water
content might be required and a number of rapid methods are available, such as the sand bath method,
the microwave oven-drying method and the calcium carbide method. These methods are not
necessarily appropriate for all soil types and when used on a particular soil, the oven-drying method
could also be used as a check.

A procedure for determining the water content at full saturation of chalk is described in 4.2
4.1 Oven-drying method

Water content shall be determined in accordance with BCDC 13 (1864)/BS EN ISO 17892-1.
NOTE

1. This method covers the determination of the water content of a specimen of soil as a percentage of its dry
mass.

2. A microwave oven should not be used for the determination of water content by the definitive method for
soils containing clay or organic matter or some other minerals due to the difficulty maintaining the
temperature of the soil below 110 °C before all the water is removed. Higher temperatures than this can
alter the chemical composition of some minerals, including some clay.

3. Certain soils contain gypsum, which on heating, loses its water of crystallization. The water content
determined by this method is affected by approximately 0.2% for each 1% of gypsum. If it is suspected that
gypsum is present in the soil the water content samples should be dried at no more than 50 °C and possibly
for a longer time. The presence of gypsum might be in the field description or visible in the sample and can
be identified by heating a small quantity of soil on a metal plate. Grains of gypsum turn white within a few
minutes, whereas most other mineral grains remain unaltered.

4. If the water content is to be related to the Atterberg limits, e.g. for determining the liquidity or consistency
index, and the soil contains material retained on a 425 um sieve, the measured water content, w (%), can
be corrected to give the equivalent water content, w < 0.425 (%), of the fraction passing the 425 pum sieve,
as described in BS EN ISO 17892-12:2018+A1:2021, Annex B.

5. For further information on testing saline samples refer to BCDC 13 (1864)/ BS EN ISO 17892-1:2014,
Annex C.

4.2 Method for saturation water content of chalk
4.2.1 General

COMMENTARY ON 4.2.1

The saturation water content of intact chalk lumps can be used, together with dry density or chalk
crushing value, to classify chalk in relation to its behaviour as a freshly placed fill material. This test is
based on the determination of the dry density of the chalk lump, using the "immersion in water method’;
and the calculation from it of the potential water content at saturation, assuming a value of 2.70 Mg/m?3
for the particle density of the chalk solids.

The dry density of the chalk lump shall be determined in accordance with the immersion in fluid method
in TZS 3308-2/BS EN ISO 17892-2:2014 and the saturation water content calculated as described in
4.2.2t04.2.5.

4.2.2 Apparatus

The apparatus for determination of the dry density shall be as given in TZS 3308-2/BS EN 1SO 17892-
2:2014, 4.2.

4.2.3 Procedure

The procedure for preparation of the equipment and performance of the test shall be in accordance with
TZS 3308-2/BS EN ISO 17892-2:2014, 5.2.

4.2.4 Calculations and expression of results

Calculate the volume, bulk and dry density of the specimen in accordance with the formulas in TZS
3308-2/BS EN ISO 17892-2:2014, Clause 6.

Calculate the saturation water content, 0 (%), from the formula:

. p P
0 pTH— x
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where:

2.7 is the particle density of the chalk (in Mg/m3);
“ is the dry density of the specimen (in Mg/m3).
Express the saturation water content to 0.1%.

4.2.5 Test report

The test report shall affirm that the test was carried out in accordance with TZS 3308-2/BS EN ISO
17892-2:2014 and calculated in accordance with 4.2. The test report shall contain the following:

a) The information required by TZS 3308-2/BS EN ISO 17892-2:2014, Clause 7; and
b) the saturation water content.

5 Determination of liquid limit

COMMENTARY ON CLAUSE 5

The liquid limit is the empirically established water content at which a soil passes from the liquid state
to the plastic state. It provides a means of classifying a soil, especially when the plastic limit (seeClause
6) is also known.

Two types of test are specified. The primary method is the cone penetrometer method as it is a static
test, is easier to perform and gives more reproducible results. The second method is the iiCasagrande
Test .dhis test introduces dynamic effects and is susceptible to discrepancies between operators.

For both types of test an alternative rapid "one-point” procedure is given, which might give less
accurateresults. It may be used where the liquid limit of the material is well understood and for which
robust correlation factors have been established.

5.1 General

COMMENTARY ON 5.1

This method covers the determination of the liquid limit of a sample of soil in its natural state, or of a
sample of soil from which material retained on a 425 um sieve has been removed.

Whenever possible, the tests shall be carried out on soil from its natural state. The soil shall not be
dried as this might affect the results. For all these tests, the sample preparation shall be as specified in
BCDC 13 (1863)/BS EN ISO 17892-12.

NOTE

1. BS ENISO 17892-12 requires the fraction of soil retained on a 0.4 mm sieve or the nearest sieve to be
removed prior to the liquid and plastic limit tests. In this Standard it is assumed that the material coarser
than 0.425 pm has been removed, in accordance with normal practice.

2. The method using the cone penetrometer (see 5.2) is preferred to the Casagrande apparatus (see 5.4),
as the test is both easier to carry out and is capable of giving more reproducible results. The cone
penetrometer apparatus is easier to maintain in correct adjustment and the test procedure is less
dependent on the judgement of the operator. The results obtained with the cone penetrometer might
differ slightly from those with the Casagrande apparatus, but in most cases up to a liquid limit of 100
these differences are not significant and are less than the normal variations likely to be obtained using
the Casagrande apparatus.

5.2 Cone penetrometer method (definitive method)

The liquid limit by the cone penetrometer method shall be determined using the preferred four-point
method in accordance with BCDC 13 (1863) /BS EN ISO 17892-12:2018+A1:2021.

5.3 One-point cone penetrometer method

COMMENTARY ON 5.3

This method enables the liquid limit of a soil sample to be determined from a specimen at a single
water content. This method enables a result to be obtained when only a small amount of soil is
available. The one-point method using the cone penetrometer is likely to give results that are less
reliable than those obtained from the four-point method and is therefore suitable only where a possibly
less accurate result is acceptable.

5.3.1 General

The liquid limit using the one-point cone penetrometer method shall be carried out in accordancewith
BCDC 13 (1863) /BS EN I1SO 17892-12
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NOTE

The one-point method might be appropriate in soils whose plasticity is well understood and for whichrobust
correlation factors have been established.

If it is suspected that the liquid limit is higher than approximately 100%, the definitive method specified
in 5.2 shall be followed using the appropriate size of sample.

5.3.2 Calculations and expression of results

Calculate the average water content and average cone penetration of the test specimen in accordance
with BCDC 13 (1863) /BS EN ISO 17892-12:2018+A1:2021, 6.2.4.

Obtain the factor corresponding to the cone penetration and the water content range from the correlation
for the material.

Calculate the liquid limit from the formula:

liquid limit = water content x factor (y)
and express the result to the nearest whole number.
NOTE

Where a correlation specific to the material is not available, the calculations below may be used to obtainthe
correction factor for values of cone penetration between 17 mm and 23 mm.

For water contents above 50%:

® TBIUPTYYRETERX QG oL TPPPCT PI T PR WU T X T Y@
For water contents from 35% to 50%:

O TBQQUX X RITWIHGOL QT YHPPoMPP WEHT MU X WU Yg
For water contents below 35%:

O TMTVLOTE PTPRICOTYPWIBTIC PO T P PPBIPXTPUYG

where:

X is the cone penetration (in mm);
y is the factor.

NOTE

Use of these formulas removes the need to interpolate between values. Table 1 provides a simplified
summary of the data from Clayton and Jukes [1].

Table 1 - Factors for one-point cone penetrometer liquid limit test

Cone penetration Factors for water content ranges

mm below 35% 35% to 50% above 50%
17 1.042 1.058 1.055

18 1.030 1.039 1.036

19 1.015 1.020 1.018

20 1.000 1.000 1.000

21 0.984 0.984 0.984

22 0.971 0.968 0.967

23 0.961 0.954 0.949
plasticity low intermediate high

SOURCE: Clayton and Jukes, 1978, [1]

5.3.3 Test report

The test report shall be in accordance with BCDC 13 (1863) /BS EN ISO 17892-12 and, where
appropriate, this draft Tanania Standard.

5.4 Casagrande apparatus method

COMMENTARY ON 5.4

This is an alternative method for the determination of the liquid limit of a sample of natural soill,
or of a sample of soil from which material retained on a 425 um sieve has been removed.

The Casagrande apparatus specified in BCDC 13 (1863) /BS EN ISO 17892-12:2018+A1:2021
differs from that previouslyspecified in BS 1377-2. The results might differ from those obtained
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using the previous apparatus and the cone penetration method is preferred.

The liquid limit using the Casagrande apparatus method shall be carried out in accordance with BCDC
13 (1863) /BS EN ISO 17892-12:2018+A1:2021.

NOTE

The method using the Casagrande apparatus was the original procedure for determining the liquid limit but
experience has shown that it is difficult to maintain the apparatus in accordance with this draft Tanzania
Standard and the results are subject to the judgement of the operator. Results obtained using the Casagrande
apparatus might differ slightly from those obtained from the cone method up to a liquid limit of 100 but in most
cases these differences are not significant and are less than the normal variations likely to be obtained using
the Casagrande apparatus. For liquid limits above 100 the cone method appears to give lower values. For
these reasons the method using the cone penetrometer is preferred, but provided that the Casagrande
apparatus is correctly maintained and the test procedure is strictly adhered to, satisfactory results can be
obtained.

5.5 One-point Casagrande method
5.5.1 General

COMMENTARY ON 5.5.1

This method enables the liquid limit of a soil sample to be determined from a specimen at a single water
content and enables a result to be obtained when only a small amount of soil is available.

This method shall be used instead of the four-point method only when the plasticity is understood and
for which robust correlation factors have been established. The liquid limit using the one-point
Casagrande method shall be carried out in accordance with BCDC 13 (1863) /BS EN ISO 17892-12.

NOTE

The one-point method using the Casagrande apparatus is likely to give results that are less reliable than those
obtained from the four-point method in SA. and is suitable only where a less accurate result is acceptable.

Calculations and expression of results

Calculate the average water content of the specimen and the average number of rotations (bumps) of
the repeated determinations, as specified in BCDC 13 (1863) /BS EN ISO 17892-12:2018+A1:2021,
6.3.4.

Calculate the liquid limit from the correlation for that material using the formula:
liquid limit= water content x factor
Express the result to the nearest whole percentage number.
5.5.2 Test report
The test report shall be in accordance with BCDC 13 (1863) /BS EN ISO 17892-12 and, where
appropriate, this draft Tanzania Standard.

6 Determination of plastic limit and plasticity index

COMMENTARY ON CLAUSE 6

The plastic limit is the empirically established water content at which a soil becomes too dry to be plastic.
It is used together with the liquid limit to determine the plasticity index, which, when plotted against the
liquid limit on the plasticity chart (see TZS2500-2/ BS EN I1SO 14688-2:2018, Figure 1), provides a
means of classifying fine soils. It is recognized that the results are subject to the judgement of the
operator and that some variability in results is likely to occur.

6.1 General

COMMENTARY ON 6.1

This method covers the determination of the plastic limit of a sample of soil in its natural state, or of a
sample of soil from which material retained on a 425 um sieve has been removed.

The plastic limit shall be determined in accordance with BCDC 13 (1863) /BS EN I1SO 17892-12.
6.2 Additional parameters

Where required, additional parameters, including the liquidity index, consistency index and activity
index, shall be calculated in accordance with BCDC 13 (1863) /BS EN I1SO 17892-12:2018+A1:2021,
Annex B.
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NOTE

1. BCDC 13 (1863) /BS EN 1S0O17892-12 requires the fraction of soil retained on a 0.4 mm sieve or the
nearest sieve to be removed prior to the liquid and plastic limit tests. In this draft Tanzania Standard it is
assumed that the material coarser than 0.425 um has been removed, in accordance with normal practice.

2. Based on NOTE 1, the correction for water content may be based on the percentage of material retained
and passing the 425 um sieve, as described in BCDC 13 (1863) /BS EN ISO 17892-12:2018+A1:2021,
Annex B.

7 Determination of shrinkage characteristics-Linear shrinkage

COMMENTARY ON CLAUSE 7

Shrinkage due to drying is significant in clays but less so in silts and sands. These tests enable the
shrinkage limit, w, of clays to be determined, i.e., the water content below which a clay ceases to shrink.
They also provide ways of quantifying the amount of shrinkage likely to be experienced by clays, in
terms of the shrinkage ratio, volumetric shrinkage and linear shrinkage.

These factors are also relevant to the converse condition of expansion due to wetting.

A standard test method for determining the shrinkage factors of a soil paste by immersion in water is
given in ASTM D4943-18. This method determines the shrinkage limit, shrinkage ratio and volumetric
shrinkage and allows the calculation of the equivalent linear shrinkage.

The standard method for the direct determination of the total linear shrinkage of a soil paste is given in
BCDC 13 (1891).

Alternative methods have been developed, e.g. by laser scanning (PR. N. Hobbs et al, 2014 [2]) to
determine the volume/water content curve during drying.

The shrinkage characteristics of soil shall be determined in accordance with BCDC 13 (1891)

8 Determination of density

COMMENTARY ON CLAUSE 8

In this draft Tanzania Standard, density is expressed in terms of mass density. The bulk density of a
soil, 7, is the mass per unit volume of the soil deposit, including any water it contains. The dry density,” ,
is the mass of dry soil contained in a unit volume. Both are expressed in Mg/m3.

Weight density (unit weight, kN/m?), denoted by T , is used when calculating the force exerted by a mass
of soil, and is derived from the mass density by the formula:
r ” "Q
where:
"Qis 9.807, the acceleration due to gravity (in m/s?).
Density tests shall be performed in accordance with one of the three test methods prescribed in TZS
3308-2/BS EN ISO 17892-2.
NOTE

The linear displacement method applies to soils that can be formed into a regular geometric shape, the volume
of which can be calculated from linear measurements. In the immersion in fluid method, the volume of the
specimen is determined by weighing it submerged in a fluid (typically water). In the fluid displacement method,
the volume is measured by displacement of fluid (usually water).

9 Determination of particle density
9.1 General

COMMENTARY ON 9.1

Different particle sizes within a specimen of soil often have different particle densities. These methods
of test give the average particle density for the range of sizes, including their distribution, contained in
the specimen tested. In some instances, it might be desirable to measure the particle density separately
on separate size fractions.

The particle density shall be determined using a pycnometer in accordance with TZS 3308-3/BS EN
ISO 17892-3 either by fluid displacement or by gas displacement, or by the gas jar method in
accordance with .9.2. of this Standard.

NOTE

The size required depends on the particle size of the soil. The fluid pycnometer method described in TZS
3308-3/BS EN ISO 17892-3 is suitable for soils under approximately 4 mm, or soils crushed to meet this
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requirement. The gas jar method may be used for coarser grained soils with up to 10% of particles greater
than 37.5 mm.

9.2 Gas jar method

COMMENTARY ON 9.2

This method is suitable for soil containing up to 10% of particles retained on a 37.5 mm test sieve.
Coarse particles in excess of this should be broken down to less than this size before testing. If these
particles contain internal voids, tests on the broken-down material could lead to results different from
those given by tests on the whole material.

9.2.1 General
The requirements of BCDC 13 (2045), where appropriate, shall apply.
9.2.2 Sample preparation

9.2.2.1 A sample of soil of approximately 1 kg mass shall be obtained as specified in BCDC 13 (2045),
8.3 and 8.4.4. Coarse material in excess of 10% retained on a 37.5 mm test sieve, or any particles
retained on a 50 mm test sieve, shall be broken down to less than 37.5 mm size.

9.2.2.2 At least two specimens shall be obtained from the sample by riffling. For fine-grained soils, each
specimen shall be of approximately 200 g, and for coarse-grained soils of approximately 400 g. The
specimens shall be oven dried, normally at 105 °C to 110 °C, and then stored in airtight containers until
required.

Oven drying for the soil at 105 °C to 110 °C has been specified for convenience. If there is any reason
to believe that this will change the particle density due to loss of water of hydration, the soil shall be
dried at no more than 80 °C (50 °C if gypsum is present) and the drying temperature shall be reported.

9.2.3 Apparatus
9.2.3.1 Gas jar, 1 L in capacity, fitted with a rubber bung.

NOTE

A gas jar has been found to make a very effective pycnometer but any container of similar capacity can be
used provided that it can be shaken in a mechanical shaking apparatus, and provided that the mouth can be
sealed in such a way that its volume is constant.

9.2.3.2 Ground glass plate, for closing the gas jar.

9.2.3.3 Mechanical shaking apparatus, capable of rotating the gas jar, end over end, at approximately
50 revolutions per minute.

NOTE

An end-over-end shaker has been specified but shaking machines giving a vibrating motion would also be
suitable. The choice of shaking machine depends on the type of pycnometer used.

9.2.3.4 Balance, readable to 0.1 g.

9.2.3.5 Thermometer, to cover the temperature range 0 °C to 50 °C, readable to 1 °C.
9.2.3.6 Drying oven, capable of maintaining a temperature of 105 °C to 110 °C.

9.2.4 Procedure

9.2.4.1 Clean and dry the gas jar and ground glass plate and weigh them together to the nearest 0.2g
(ma)

9.2.4.2 Transfer the first soil specimen from its sealed container directly into the gas jar. Weigh the gas
jar, ground glass plate and contents to the nearest 0.2 g (mz2).

9.2.4.3 Add approximately 500 mL of water at a temperature within £2 °C of the average room
temperature during the test to the soil. Insert the rubber stopper into the gas jar and for medium- and
coarse- grained soils (as defined in BCDC 13 (2045), Clause 4) set aside for at least 4 h.

NOTE

If there is a large difference between the air temperature and water temperature, sufficient water should be
drawn for the required number of tests and allowed to stand in the room in which the tests are being done
until the temperature is within the given range.
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9.2.4.4 At the end of this period, or immediately after the addition of water in the case of fine-grained
soils, shake the gas jar by hand until the particles are in suspension.

9.2.4.5 Place the gas jar securely in the shaking apparatus and shake for a period of 20 min to 30 min.

9.2.4.6 Remove the stopper carefully and wash any soil particles adhering to the stopper or to the top
of the gas jar into the jar. Disperse any froth with a fine spray of water. Add water to the gas jar to within
2 mm of the top and allow the soil to settle for a few minutes, then fill the gas jar to the brim with more
water. Place the ground glass plate on the top of the jar taking care not to trap any air under the plate.

NOTE

This operation might be easier if the gas jar is inclined under a slow stream of water while the ground glass
plate is slid upwards over the rim.

9.2.4.7 Dry the gas jar and plate carefully on the outside and weigh the whole to the nearest 0.2 g (ms)

9.2.4.8 Empty the gas jar, wash it out thoroughly and fill it to the brim with water at a temperature within
+2 °C of the average room temperature. Place the ground glass plate in position taking care not to trap
any air under the plate. Ensure that the water in the jar contains no air bubbles.

9.2.4.9 Dry the gas jar and plate carefully on the outside and weigh the whole to the nearest 0.2 g (ma).

9.2.4.10 Repeat .9.2.4.2 to 9.2.4.7 using the second specimen of the same soil so that two values of
particle density can be obtained. If the results differ by more than 0.03 Mg/m? repeat the tests.

9.2.5 Calculations and expressions of results

Calculate the particle density, ” (in Mg/m3), from the formula:

) a a
a a a a
where:
a is the mass of gas jar and ground glass plate (in g);
a is the mass of gas jar, plate and soil (in g);
a is the mass of gas jar, plate, soil and water (in g); and
a is the mass of gas jar, plate and water (in g).

Calculate the average of the two results if they differ by no more than 0.03 Mg/m? Express the average
value of particle density to the nearest 0.01 Mg/m3.

9.2.6 Test report

The test report shall affirm that the test was carried out in accordance with 9.2 and shall include:
a) the method of test used;

b) the average value of the particle density of the soil specimen; and

¢) the information required by BCDC 13 (2045)., Clause 10.

10 Determination of particle size distribution

The particle size distribution shall be determined in accordance with TZS 3308-4/ BS EN ISO 17892-4.
NOTE

1. Two methods of sieving are specified. Wet sieving is the definitive method applicable to all soils. Dry
sieving is suitable only for coarse soils containing insignificant quantities of silt and clay.

Two methods of determining the size distribution of fine particles down to the clay size by sedimentation
are specified, namely the pipette method and the hydrometer method. In both methods the density of the
soil suspension at various intervals of time is measured.

Combined sieving and sedimentation procedures enable a continuous patrticle size distribution curve of
a soil to be plotted from the size of the coarsest particles down to the clay size.

2. If itis known that aggregations of particles might remain after sample preparation, they may be broken
down in such a way as to avoid crushing the individual particles using an action no more severe than that
applied by a rubber pestle.

11 Determination of dry density/water content relationship
11.1 General
COMMENTARY ON 11.1
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Compaction of soil is the process by which the solid particles are packed more closely together, usually
by mechanical means, thereby increasing the dry density of the soil. The dry density which can be
achieved depends on the degree of compaction applied and on the amount of water present in the soil.
(The terms used in compaction tests are illustrated in Figure 1.) For a given degree of compaction of a
given cohesive soil there is an optimum water content at which the dry density obtained reaches a
maximum value. For cohesionless soils an optimum water content might be difficult to define.

Air void lines
for a given
particle density
“ (Maximum
< | compaction Saturation line
o0 .
s | dry density
B
v
=
Q
<
[ |
a . I
Compaction |
curve }
|
|
|
|
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D=
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o'z
0 Water content, %

Figure 1 Dry density/water content relationship curve

For some highly permeable soils such as clean gravels, uniformly graded and coarse clean sands, the
results of the laboratory compaction test may provide only a poor guide for specifications on field
compaction. The laboratory test might indicate meaningless values of water content in these free-
draining materials and the maximum dry density is often lower than the state of compaction which can
be readily obtained in the field. For these soils one of the maximum dry density tests described in clause
12 would be more appropriate.

The objective of the tests described in clause 11 is to obtain relationships between compacted dry
density and soil water content, using two magnitudes of manual compactive effort, or compaction by
vibration.

Three types of compaction test are described, each with procedural variations related to the nature of
the soil. The first is the light manual compaction test in which a 2.5 kg rammer- is used. The second is
the heavy manual compaction test which is similar but gives a much greater degree of compaction by
using a 4.5 kg rammer with a greater drop on thinner layers of soil. The third type of test makes use of
a vibrating hammer for compaction.

For the light and heavy manual compaction tests, a compaction mould of 1 L internal volume shall be
used for soil in which all particles pass a 20 mm test sieve. If there is a limited number of particles up
to 37.5 mm size, equivalent tests shall be carried out in the larger California Bearing Ratio (CBR) mould.

NOTE

1. Specifications for compaction by rammer in the CBR mould are based on the same compactive effort per
unit volume of soil as in the 1 L compaction mould. The variable effects of side wall friction might result
in differences between the densities achieved in the two moulds. For a series of tests on a particular soil,
one size of mould should be used consistently.
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2. The vibrating hammer test is intended mainly for coarse soils passing a 37.5 mm test sieve, with no more
than 30% retained on a 20 mm test sieve.

For the vibrating hammer test, the soil shall be compacted into a CBR mould.

3. For each type of test, alternative procedures depend on whether or not the soil contains particles
susceptible to crushing during compaction. Methods of sample preparation covering most possible
requirements are described in 11.2.Test procedures are described separately in 11.3,11.4,11.5,11.6 to
11.7. The compaction procedures are summarized in Table 2.

Table 2-Summary of compaction procedures

Compactive Mass of rammer  Type of mould Soil particles susceptible to
effort kg used crushing
No Yes
Light 25 1L 11.3.4.1 11.3.4.2
CBR 11.4.4.1 11.4.4.2
Heavy 4.5 1L 11.54.1 11.5.4.2
CBR 11.6.4.1 11.6.4.2
Vibration Vibrating CBR 11.75.1 11.7.5.2
NOTE 1 1L =1L compaction mould, see 11.3.2.1.
NOTE 2 CBR = CBR mould, see 11.4.2.1.
NOTE 3 Soil susceptibility to crushing, see 11.2.1a)

11.2 Preparation of samples for compaction tests

COMMENTARY ON 11.2

The method of preparation of samples for these tests, and the quantity of soil required, depend on the
size of the largest particles present and on whether or not the soil particles are susceptible to crushing
during compaction. The assessment of these factors is covered in 11.2.1.

For soils containing particles not susceptible to crushing, one sample only is required for test and it can
be used several times after progressively increasing the amount of water.

Relevant sample preparation methods are described in 11.2.3 and 11.2.4.

For soils containing particles that are susceptible to crushing, it is necessary to prepare separate
batches of soil at different water contents, each for compacting once only otherwise the characteristics
of the material will progressively change after each application of compaction. Consequently, a much
larger sample is required. Relevant sample preparation methods are described in 11.2.6 and 11.2.7

For stiff, cohesive soils which need to be shredded or chopped into small lumps the result of a
compaction test depends on the size of the resulting pieces. Furthermore, the densities obtained in the
test will not necessarily be directly related to densities obtained in situ. The method used for breaking
down cohesive soil, and the size of pieces obtained should be recorded. Suggested methods are to
shred the soil so that it could pass through a 5 mm test sieve, or to chop it into pieces, e.g. to pass a
20 mm test sieve.

11.2.1 General

The requirements of BCDC 13 (2045)of this standard, where appropriate, shall apply to this test method.

For preliminary assessment, the initial soil sample for testing shall be obtained in accordance with the

procedure described in BCDC 13 (2045) ,8.6.1 to 8.6.3. The procedures to be used for sample

preparation and for carrying out the compaction test shall be selected on the basis of the following

assessment.

a) Ascertain. whether the soil particles are susceptible to crushing during compaction. If in doubt
assume that they are susceptible.

NOTE

The soil should be considered susceptible to crushing during compaction if the sample contains coarse

material of a weaker nature, e.g. weaker limestone, sandstone, which would be reduced in size by the action

of the 2.5 kg rammer. The procedure described in 11.3.4.2, 11.4.4.2, 11.5.4.2 ,11.6.4.7 and 11.7.5.2 for soils

susceptible to crushing during compaction should be applied to all soils if it is practicable to do so.

b) Determine the approximate percentages (to an accuracy of = 5 %) by mass of particles in the soil
sample passing the 20 mm and 37.5 mm test sieves. If the material used for this assessment is to
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be used for the compaction test it shall not be dried, and the dry mass of soil finer than 20 mm may
be determined by measuring the water content using a representative portion. If enough soil is
available to meet the requirements of clause 10 a separate sample may be used for this sieving
operation.

c) Based onthese percentages the soil can be assigned to one of the grading zones (1) to (5) in Table
3, which are also shown diagrammatically in Figure 2. If a grading curve passes through more than
one zone the highest-numbered zone applies. A soil with a grading curve passing through zone X
is not suitable for these tests.

d) The method of sample preparation, the minimum mass of soil required, and the type of mould to
use for the compaction test are indicated in Table 3, which takes account of the above factors; and

e) The selection of methods is also shown in the form of a flow chart in Figure 3.
Table 3 - Summary of sample preparation procedures

Grading Minimum % passing Preparation procedure Minimum mass of Type of
zone test sieves clause reference prepared soil required mould used
(kg)
20mm 37.5mm (A) (B) (A) (B)
Not Susceptibl Not Susceptible
susceptibl eto susceptible to crushing
eto crushing to crushing
crushing
1 100 100 11.2.3.1 11.2.3.2 6 15 1L
2 95 100 11.2.3.3 11.2.34
3 70 100 11.2.4.1 11.2.4.2 15 40 CBR
4 70 95 11.2.4.3 11.2.4.4
5 70 90 11.2.45 11.2.4.6
X Lessthan Less than Tests not applicable
70 90

NOTE 1L = one litre compaction mould, CBR = CBR mould
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Figure 2 Grading limits relating to specimen preparation procedures for compaction tests
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Figure 3 Flow chart representing specimen preparation methods for compaction tests
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11.2.2 Apparatus

11.2.2.1 Test sieves, with aperture sizes 63 mm, 37.5 mm, 20 mm, with receiver.
11.2.2.2 Balance readable to 5 g.

11.2.2.3 Balance readable to 1 g.

11.2.2.4 Corrosion-resistant metal or plastics tray with sides, e.g. about 80 mm deep, of a size suitable
for the quantity of material to be used.

11.2.2.5 Large metal scoop.
11.2.2.6 Palette knife or spatula.
11.2.2.7 Watertight containers, e.g. strong polythene bags.

11.2.2.8 Apparatus for determination of water content, as described in BCDC 13 (1864)/BS EN I1SO
17892-1

11.2.2.9 An implement for shredding stiff soil.
11.2.3 Preparation of soils for compaction in 1 L mould.
11.2.3.1 Grading zone (1) for soils passing the 20 mm test sieve not susceptible to crushing.

11.2.3.1.1 Prepare and subdivide the initial sample by the procedures described in BCDC 13 (2045),8.6,
to produce a representative sample of approximately 6 kg of the soil.

11.2.3.1.2 Add a suitable amount of water depending on the soil type and mix thoroughly.

NOTE

1. The amount of water to be mixed with soil at the commencement of the test will vary with the type of soil
under test. In general, with sandy and gravelly soils a water content of 4 % to 6 % would be suitable,
while with cohesive soils a water content about 8 % to 10 % below the plastic limit of the soil would
typically be suitable.

2. Itis important that the water is mixed thoroughly and adequately with the soil, since inadequate miring
gives rise to variable test results. This is particularly important with cohesive soils when adding a
substantial quantity of water. With clays of high plasticity, or where hand mixing is used, storage of the
mixed sample in a sealed container for a minimum period of 24 h before continuing with the test is the
most satisfactory way of distributing the water uniformly.

11.2.3.1.3 If the soil initially contains too much water allow it to partially air dry to the lowest water
content at which the soil is to be compacted, and mix thoroughly.

11.2.3.1.4 If the soil is fine, seal in an airtight container and store for at least 24 h.
11.2.3.2 Grading zone (1) for soils passing a 20 mm sieve susceptible to crushing

11.2.3.2.1 Subdivide the initial sample to produce five or more representative specimens, each of
approximately 2.5 kg, using the procedure described in BCDC 13 (2045), 8.6.

11.2.3.2.2 Mix each specimen thoroughly with a different amount of water to give a suitable range of
water contents (see Note 1 and Note 2 to 11.2.3.1.2). The range of water contents shall be such that at
least two values lie either side of the optimum at which the maximum dry density occurs.

NOTE

The water added to each specimen should be such that a range of water contents is obtained that includes
the optimum water content. In general, increments of 1 % to 2% are suitable for coarse soils and of 2% to 4%
for fine soils. To increase the accuracy of the test it might be desirable to prepare specimens with smaller
increments of water in the region of the optimum water content.

11.2.3.2.3 If the soil initially contains more water than is required for the compaction at the lower water
contents, allow these specimens to partially dry to the desired water contents and mix thoroughly.

11.2.3.2.4 If the soil is fine, seal each specimen in an airtight container and store for at least 24 h.

11.2.3.3 Grading zone (2) for soils passing the 37.5 mm test sieve with at least 95 % passing a
20 mm test sieve not susceptible to crushing

11.2.3.3.1 Weigh to 0.1 % by mass the whole sample and record the mass.

11.2.3.3.2 Remove and weigh to 0.1 % by mass the material retained on the 20 mm test sieve.
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NOTE

The removal of small amounts of stone (up to 5 %) retained on a 20 mm test sieve is likely to affect the density
obtainable only by amounts comparable with the experimental error involved in measuring the maximum dry
density.

11.2.3.3.3 Subdivide the finer material and proceed as described in 11.2.3.1.

11.2.3.3.4 Alternatively, the whole sample can be used as described in 11.2.4.1 for compaction in a
CBR mould.

11.2.3.4 Grading zone (2) for soils passing the 37.5 mm test sieve with at least 95% passing a 20
mm test sieve susceptible to crushing

11.2.3.4.1 Weigh the whole sample and record the mass.
11.2.3.4.2 Remove and discard the material retained on the 20 mm test sieve (see Note to 11.2.3.3.2).

11.2.3.4.3 Subdivide the finer material to produce five or more representative specimens, as described
in11.2.3.2.

11.2.3.4.4 Alternatively, the whole sample can be used, as described in 11.2.4.1, for compaction in a
CBR mould.

11.2.4 Preparation of soils in a CBR mould

11.2.4.1 Grading zone (3) for soils passing the 37.5 mm test sieve with 70% to 95% passing
a 20 mmtest sieve not susceptible to crushing

Prepare and subdivide the initial sample using the procedure described in BCDC 13 (2045), 8.6 to
produce a representative specimen of approximately 15 kg of the soil, otherwise proceed as described
in 11.2.3.1.

NOTE

The exclusion of the large proportion of particles coarser than 20 mm from this type of soil could have a large
effect on the density obtained in the compaction mould compared with that obtainable with the soil as a whole,
and the optimum water content would also be affected. The larger CBR mould is, therefore, specified for this
type of material.

11.2.4.2 Grading zone (3) for soils passing the 37.5 mm test sieve with 70% to 95% passing a 20
mm test sieve susceptible to crushing
Subdivide the initial sample to produce five or more representative specimens, each of approximately

6 kg, using the procedure described in BCDC 13 (2045). 8.6, otherwise, proceed as described in
11.2.3.2.

11.2.4.3 Grading zone (4) for soils containing at least 95 % passing the 37.5 mm test sieve and
at least 70 % passing the 20 mm test sieve not susceptible to crushing

11.2.4.3.1 Weigh the whole sample and record the mass to the nearest 5 g.
11.2.4.3.2 Remove and weigh the material retained on the 37.5 mm test sieve.

NOTE

The exclusion of the large proportion of particles coarser than 20 mm from this type of oil could have a large
effect on the density obtained in the compaction mould compared with that obtainable with the soil as a whole,
and the optimum water content would also be affected. The larger CBR mould is therefore specified for this
type of material.

11.2.4.3.3 Subdivide the finer material to produce a 15 kg specimen, otherwise proceed as described
in11.2.3.1

11.2.4.4 Grading zone (4) for soils containing at least 95% passing the 37.5 mm test sieve and at
least 70% passing the 20 mm test sieve susceptible to crushing

11.2.4.4.1 Weigh the whole sample and record the mass to the nearest 5 g.
11.2.4.4.2 Remove and weigh the material retained on the 37.5 mm test sieve.

NOTE

The exclusion of the large proportion of particles coarser than 37.5 mm from this type of soil could have a
large effect on the density obtained in the compaction mould compared with that obtainable with the soil as a
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whole, and the optimum water content would also be affected. The larger CBR mould is, therefore, specified
for this type of material.

11.2.4.4.3 Subdivide the finer material to produce five or more representative specimens, as described
in 11.2.3.2.

11.2.4.5 Grading zone (5) for soils with 90 % to 95 % passing the 37.5 mm test sieve, and at least
70 % passing the 20 mm test sieve not susceptible to crushing

11.2.4.5.1 Weigh the soil sample to the nearest 5 g.
11.2.4.5.2 Remove and weigh the material retained on the 37.5 mm test sieve.

11.2.4.5.3 Replace this material by the same quantity of material of similar characteristics that passes
the 37.5 mm test sieve and is retained on the 20 mm test sieve.

NOTE

The substitution of large particles by smaller, similar particles is generally considered to give dry densities in
the laboratory test which compare reasonably well with those obtained in the field. Alternatively, the coarser
material can be removed for the test and a correction applied to the maximum dry density based on the
displacement of the soil matrix by stones of known particle density.

11.2.4.5.4 Subdivide the material to produce a sample of approximately 15 kg of the soil, otherwise
proceed as described in 11.2.3.1.

11.2.4.6 Grading zone (5) for soils containing 90% to 95% passing the 37.5 mm test sieve and at
least 70% passing a 20 mm test sieve susceptible to crushing

11.2.4.6.1 Weigh the soil sample to the nearest 5 g.
11.2.4.6.2 Remove and weigh the material retained on the 37.5 test sieve.

11.2.4.6.3 Replace this material by the same quantity of material of similar characteristics that passes
the 37.5 mm test sieve and is retained on the 20 mm test sieve (see Note to 11.2.4.5.3).

11.2.4.6.4 Subdivide the material to produce five or more 6 kg specimens of the soil, otherwise proceed
as described in 11.2.3.2.

11.3 Compaction method using 2.5 kg rammer with 1 L mould

COMMENTARY ON 11.3

This test covers the determination of the dry density of soil with more than 95% passing the 20 mm test
sieve when it is compacted in a specified manner over a range of water contents. The range includes
the optimum water content at which the maximum dry density for this degree of compaction is obtained.
In this test a 2.5 kg rammer falling through a height of 300 mm is used to compact the soil in three layers
into a 1 L compaction mould.

11.3.1 General
The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.
11.3.2 Apparatus

11.3.2.1 Cylindrical, corrosion-resistant metal mould, i.e. the compaction mould, having a nominal
internal volume of 1 L. The mould shall be fitted with a detachable baseplate and a removable extension.

The essential dimensions are shown in Figure 4, which also indicates one suitable design of mould.
The internal faces shall be smooth, clean and dry before each use.
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Dimensions in millimetres
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NOTE

This design has been found satisfactory, but alternative designs may be used provided that the essential
requirements are fulfilled. See BCDC 13 (2045),5.1.3.1

Figure 4 Mould for compaction test (1L mould)

11.3.2.2 A metal rammer having a 50 + 0.5 mm diameter circular face, and weighing 2.5 kg + 25 g. The
rammer shall be equipped with a suitable arrangement for controlling the height of drop to 300 £ 3 mm.
NOTE

1. A suitable form of hand apparatus is shown in Figure 5.

2. A motorized form of the apparatus may be used provided that the essential dimensions of the rammer
and mould are adhered to, and provided that the density achieved is withint 2 % of density achieved by
using the hand rammer. The machine should be firmly supported on a heavy solid base such as a
concrete floor or plinth.

17 ©TBS 2023-All rights reserved



BCDC 13 (2046) DTZS

Dimensions in millimetres
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NOTE

This design has been found satisfactory, but alternative designs may be used provided that the essential
requirements are fulfilled. See BCDC 13 (2045),5.1.3.1

Figure 5 Rammer (2.5kg) for compaction test
11.3.2.3 A balance readable to 1 g.
11.3.2.4 A palette knife or spatula.

11.3.2.5 A straightedge, e.g. a steel strip about 300 mm long, 25 mm wide, and 3 mm thick, with one
beveled edge.

11.3.2.6 Test sieves, of aperture sizes 37.5 mm and 20 mm and a receiver.

11.3.2.7 A corrosion-resistant metal or plastics tray with sides e.g. about 80 mm deep of a size suitable
for the quantity of material to be used.

11.3.2.8 Apparatus for water content determination, as described in BCDC 13 (1864)/BS EN ISO
17892-1.

11.3.2.9 Apparatus for extracting specimens from the mould (optional).

11.3.3 Preparation of sample.

Prepare the test sample as described in 11.2.3.1, 11.2.3.2, 11.2.3.3 or 11.2.3.4 as appropriate.
11.3.4 Procedure
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11.3.4.1 Compaction procedure for soil particles not susceptible to crushing

11.3.4.1.1 Weigh the mould with baseplate attached to 1 g (m1).Measure the internal dimensions to 0.1
mm.

11.3.4.1.2 Attach the extension to the mould and place the mould assembly on a solid base, e.g. a
concrete floor or plinth.

11.3.4.1.3 Place a quantity of moist soil in the mould such that when compacted it occupies a little over
one-third of the height of the mould body.

11.3.4.1.4 Apply 27 blows from the rammer dropped from a height of 300 mm above the soil as
controlled by the guide tube. Distribute the blows uniformly over the surface and ensure that the rammer
always falls freely and is not obstructed by soil in the guide tube (see K. H. Head, 2006 [3]).

11.3.4.1.5 Repeat 11.3.4.1.3 and 11.3.4.1.4 twice more, so that the amount of soil used is sufficient to
fill the mould body, with the surface not more than 6 mm proud of the upper edge of the mould body.

NOTE

It is necessary to control the total volume of soil compacted, since it has been found that if the amount of soil
struck off after removing the extension is too great, the test results will be inaccurate.

11.3.4.1.6 Remove the extension, strike off the excess soil and level off the surface of the compact d
soil carefully to the top of the mould using the straightedge. Replace any coarse particles, removed in
the levelling process, by finer material from the sample, well press in.

11.3.4.1.7 Weigh the soil and mould with baseplate to 1 g (mz2).

11.3.4.1.8 Remove the compacted soil from the mould and place it on the metal tray. Take a
representative sample of the soil for determination of its water content as described in BCDC 13
(1864)/BS EN I1SO 17892-1.

11.3.4.1.9 Break up the remainder of the soil, rub it through the 20 mm test sieve and mix with the
remainder of the prepared test specimen.

11.3.4.1.10 Add a suitable increment of water and mix thoroughly into the soil.

NOTE

The water added for each stage of the test should be such that a range of water contents is obtained which
includes the optimum water content. In general, increments of 1 % to 2 % are suitable for coarse soils and of
2 % to 4 % for fine soils. To increase the accuracy of the test it is often advisable to reduce the increments of
water in the region of the optimum water content.

11.3.4.1.11 Repeat 11.3.4.1.3 to 11.3.4.1.10 to give a total of at least five determinations. The water
contents shall be such that the optimum water content, at which the maximum dry density occurs, lies
near the middle of the range.

11.3.4.2 Compaction procedure for soil particles susceptible to crushing
11.3.4.2.1 Weigh, measure and prepare the mould as described in 11.3.4.1.1 and 11.3.4.1.2.

11.3.4.2.2 Carry out a compaction test on each of the prepared specimens as described in 11.3.4.1.3
t0 11.3.4.1.8.

11.3.4.2.3 Discard the remainder of each compacted specimen.
11.3.5 Calculations, plotting and expression of results
11.3.5.1 Calculate the internal volume, V (in cm3), of the mould.

11.3.5.2 Calculate the bulk density, z (in Mg/m3), of each compacted specimen using the formula:

, a a
@
where
a is the mass of mould and baseplate (in g);
a is the mass of mould, baseplate and compacted oil (in g).

11.3.5.3 Calculate the dry density, ” (in Mg/m3), of each compacted specimen using the formula:
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i pTT
p U
where
0 is the water content of the soil (in %).

11.3.5.4 Plot the dry densities obtained from a series of determinations as y-axis against the
corresponding water contents on the x-axis. Draw a curve of best fit to the plotted points and identify
the position of the maximum on this curve. Read off the values of dry density and water content, to
three significant figures, corresponding to that point (see Figure 1).

NOTE
The maximum might lie between two observed points but when drawing the curve, care should be taken not
to exaggerate its peak.

11.3.5.5 On the same graph, plot the curves corresponding to 0 %, 5 % and 10 % air voids, calculated
using the formula:

is the dry density (in Mg/m?);
is the particle density (in Mg/m3);
is the density of water (in Mg/m3), assumed equal to 1;

@ is the volume of air voids in the soil, expressed as a percentage of the total volume of the soil
(equal to 0 %, 5 %, 10 % for the purpose of this plot);
0 is the water content (in%).(See Figure 1.)

11.3.6 Test report.

The test report shall affirm that the test was carried out in accordance with 11.3 contain the:
a) the method of test used,;

b) the sample preparation procedure, and whether a single sample or separate samples were used.
In the case of stiff, cohesive soil the size of pieces to which the soil was broken down shall be
stated;

c) the experimental points and the smooth curve drawn through them showing the relationship
between water content and dry density-

d) the dry density corresponding to the maximum dry density on the water content/dry density curve,
reported as the maximum dry density to the nearest 0.01 (in Mg/m?3)

e) the percentage water content corresponding to the maximum dry density on the water content/dry
density curve reported as the optimum water content to two significant figures;

f) the amount of stone retained on the 20 mm and 37.5 mm test sieves reported to the nearest 1 %
by dry mass;

g) grading zone (1 to 5);
h) the particle density and whether measured (and if so the method used) or assumed;and
i) the information required by BCDC 13 (2045), 10.1.

11.4 Compaction method using 2.5 kg rammer with CBR mould

COMMENTARY ON 11.4

This test covers the determination of the dry density of soil containing some coarse gravel when it is
compacted in a specified manner over a range of water contents. The range includes the optimum water
content at which the maximum dry density for this degree of compaction is obtained. In this test a 2.5
kg rammer falling through a height of 300 mm is used to compact the soil in three layers into a CBR
mould.

The test is suitable for soils containing no more than 30% by mass of material retained on the 20 mm
test sieve, which may include some patrticles retained on the 37.5 mm test sieve.

This method may also be used for finer soils, which would normally be compacted in the 1 L mould
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when it is required to perform a CBR test (see 15.4.) on the compacted soil at each water content.
11.4.1 General

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.

11.4.2 Apparatus

11.4.2.1 Cylindrical, corrosion-resistant, metal mould, i.e. the CBR mould, with a detachable baseplate
and a removable extension as described in 15.2.2.2.

11.4.2.2 Hand or motorized, metal rammer, having a 50 mm diameter circular face, and weighing 2.5
kg, as described in 11.3.2.2.

11.4.2.3 Balance readable to 5 g.

11.4.2.4 Large scoop.

11.4.2.5 Other items as specified in 11.3.2.4 to 11.3.2.9.
11.4.3 Preparation of specimen

Prepare the test sample as described in 11.2.4.1, 11.2.4.2, 11.2.4.3, 11.2.4.4, 11.2.4.5 or 11.2.4.6 as
appropriate.

11.4.4 Procedure
11.4.4.1 Compaction procedure for soil particles not susceptible to crushing

11.4.4.1.1 Weigh the CBR mould with baseplate attached, to 5 g (m1).Measure the internal dimensions
to 0.5 mm.

11.4.4.1.2 Attach the extension to the mould and place the mould assembly on a solid base, e.g. a
concrete floor or plinth.

11.4.4.1.3 Place a quantity of moist soil in the mould such that when compacted it occupies a little over
one-third of the height of the mould body.

11.4.4.1.4 Apply 62 blows from the rammer dropped from a height of 300 mm above the soil. Distribute
the blows uniformly over the surface and ensure that the rammer always falls freely and is not obstructed
by soil in the guide tube (see K. H. Head, 2006 [3]).

11.4.4.1.5 Repeat 11.4.4.1.3 and 11.4.4.1.4 twice more, so that the amount of soil is sufficient to fill the
mould body, with the surface not more than 6 mm proud of the upper edge of the mould body.

NOTE

It. is necessary to control the total volume of soil compacted, since it has been found that if the amount of soil
struck off after removing the extension is too great, the test results will be inaccurate.

11.4.4.1.6 Remove the extension, strike off the excess soil and level off the surface of the compacted
soil carefully to the top of the mould using the straight edge. Any coarse particles removed in the
levelling process shall be replaced by finer material from the specimen, well pressed in.

11.4.4.1.7 Weigh the soil and mould with baseplate to 5 g (m2).

11.4.4.1.8 Remove the compacted soil from the mould and place it on the metal tray. Take a
representative specimen of the soil for determination of its water content .as described in BCDC 13
(1864)/BS EN 1SO 17892-1.

11.4.4.1.9 Break up the remainder of the soil, rub it through the 20 mm or the 37.5 mm test sieve and
mix with the remainder of the prepared test specimen.

11.4.4.1.10 Add a suitable increment of water and mix thoroughly into the soil.

NOTE

The water added for each stage of the test should be such that a range of water contents is obtained which
includes the optimum water content. In general, increments of 1 % to 2 % are suitable for coarse soils and of
2 % to 4 % for fine soils. To increase the accuracy of the test it is often advisable to reduce the increments of
water in the region of the optimum water content.

11.4.4.1.11 Repeat 11.4.4.1.3 to 11.4.4.1.10 to give a total of at least five determinations. The water
contents shall be such that the optimum water content, at which the maximum dry density occurs, lies
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near the middle of the range.
11.4.4.2 Compaction procedure for soil particles susceptible to crushing
11.4.4.2.1 Weigh, measure and prepare the CBR mould as described in 11.4.4.1.1 and 11.4.4.1.2.

11.4.4.2.2 Carry out a compaction test on each of the prepared samples in turn as described in
11.4.41.3.t1011.4.4.1.8.

11.4.4.2.3 Discard the remainder of each compacted specimen.
11.4.5 Calculations

For plotting and expression of results. Proceed as described in 11.3.5.
11.4.6 Test report

The test report shall be in accordance with 11.3.6.

11.5 Compaction method using 4.5 kg rammer with 1 L mould

COMMENTARY ON 11.5

This test covers the determination of the dry density of soil with more than 95% passing the 20 mm test
sieve when it is compacted in a specified manner over a range of water contents. The range includes
the optimum water content at which the maximum dry density for this degree of compaction is obtained.
In this test the compactive effort is greater than in that described in 11.3: the mass of the rammer is 4.5
kg, the height of fall is 450 mm, and the nhumber of compacted layers is five. The same 1 L compaction
mould is used.

11.5.1 General
The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.
11.5.2 Apparatus

11.5.2.1 A cylindrical corrosion-resistant metal mould, i.e. the 1 L compaction mould, as specified in
11.3.2.1.

11.5.2.2 A metal rummer, having a (50 £ 0.5) mm diameter circular face, and weighing 4.5 kgt 50 g.
The rammer shall be equipped with a suitable arrangement for controlling the height of drop to 450 + 4
mm.

NOTE

1. A suitable form of hand apparatus is shown in Figure 6.

2. A motorized form of the apparatus may be used provided that the essential dimensions of the rammer
and mould are adhered to, and provided that the density achieved is withint 2 % of the density achieved
by using the hand rammer. The machine should be supported on a heavy solid base such as a concrete
floor or plinth.

Other items, as specified in 11.3.2.3 to 11.3.2.9.
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Dimensions in millimetres
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This design has been found satisfactory, but alternative designs may be used provided that the essential
requirements are fulfilled. See BCDC 13 (2045),5.1.3.1

Figure 6 Rammer (4.5kg) for compaction test

11.5.3 Preparation of specimen

Prepare the test sample as described in 11.2.3.1, 11.2.3.2, 11.2.3.3 or 11.2.3.4 as appropriate.
11.5.4 Procedure

11.5.4.1 Compaction procedure for soil particles not susceptible to crushing

11.5.4.1.1 Weigh the mould with baseplate attached to 1 g (m1). Measure the internal dimensions to
0.1 mm.

11.5.4.1.2 Attach the extension to the mould and place the mould assembly on a solid base, e.g. a
concrete floor or plinth.

11.5.4.1.3 Place a quantity of moist soil in the mould such that when compacted it occupies a little over
one-fifth of the height of the mould body.

11.5.4.1.4 Apply 27 blows from the rammer dropped from a height of 450 mm above the soil as
controlled by the guide tube. Distribute the blows uniformly over the surface and ensure that the rammer
always falls freely and is not obstructed by soil in the guide tube (see K H. Head, 2006 [3]).

11.5.4.1.5 Repeat 11.5.4.1.3 and 11.5.4.1.4 four more times, so that the amount of soil used is sufficient

23 ©TBS 2023-All rights reserved



BCDC 13 (2046) DTZS
to fill the mould body, with the surface not more than 6 mm proud of the upper edge of the mould body.
(See note to 11.3.4.1.5)

11.5.4.1.6 Remove the extension, strike off the excess soil and level off the surface of the compacted
soil carefully to the top of the mould using the straightedge. Replace any coarse particles, removed in
the levelling process, by finer material from the specimen, well pressed in.

11.5.4.1.7 Weigh the soil and mould with baseplate to 1 g (m2).

11.5.4.1.8 Remove the compacted soil from the mould and place it on the large metal tray. Take a
representative sample of the soil for determination of its water content as described in BCDC 13
(1864)/BS EN ISO 17892-1.

11.5.4.1.9 Break up the remainder of the oil, rub it through the 20 mm test sieve and mix with the
remainder of the prepared test specimen.

11.5.4.1.10 Add a suitable increment of water (see note to 11.3.4.1.10) and mix it thoroughly into the
soil.

11.5.4.1.11 Repeat 11.5.4.1.3 to 11.5.4.1.10 to give a total of at least five determinations. The water
contents shall be such that the optimum water content, at which the maximum dry density occurs, lies
near the middle of the range.

11.5.4.2 Compaction procedure for soil particles susceptible to crushing
11.5.4.2.1 Weigh, measure and prepare the mould as described in 11.5.4.1.1 and 11.5.4.1.2.

11.5.4.2.2 Carry out a compaction test on each of the prepared samples in turn as described in
11.5.4.1.3t0 11.5.4.1.8.

11.5.4.2.3 Discard the remainder of each compacted specimen.
11.5.5 Calculations

For plotting and expression of results, proceed as described in 11.3.5
11.5.6 Test report

The test report shall be in accordance with 11.3.5.

11.6 Method using 4.5 kg rammer with CBR mould

COMMENTARY ON 11.6

This test covers the determination of the dry density of soil containing some coarse gravel when it is
compacted in a specified manner over a range of water contents. The range includes the optimum water
content at which the maximum dry density for this degree of compaction is obtained. In this test the
compactive effort is greater than that described in 11.A: the mass of the rammer is 4.5 kg, the height of
fall is 450 mm, and the number of compacted layers is five. The soil is compacted into a CBR mould.

The test is suitable for soils containing no more than 30% by mass of material retained on the 20 mm
test sieve, which might include some patrticles retained on the 37.5 mm test sieve.

11.6.1 General

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.

11.6.2 Apparatus

11.6.2.1 Cylindrical, corrosion-resistant metal mould, i.e. the CBR mould, as described in 15.2.2.2.
11.6.2.2 Hand or motorized metal rammer weighing 4.5 kg, a described in 11.5.2.2.

11.6.2.3 Balance readable to 5 g.

11.6.2.4 Large scoop

11.6.2.5 Other items as specified in 11.3.2.4 to 11.3.2.9.

11.6.3 Preparation of specimen

Prepare the test sample as described in 11.2.4.1, 11.2.4.2, 11.2.4.3, 11.2.4.4, 11.2.4.5 or 11.2.4.6, as
appropriate.

11.6.4 Procedure
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11.6.4.1 Compaction procedure for soil particles not susceptible to crushing

11.6.4.1.1 Weigh the mould with baseplate attached to 5 g (m1). Measure the internal dimensions to
0.5 mm.

11.6.4.1.2 Attach the extension to the mould and place the mould assembly on a solid base, e.g. a
concrete floor or plinth.

11.6.4.1.3 Place a quantity of moist soil in the mould such that when compacted it occupies a little over
one-fifth of the height of the mould body.

11.6.4.1.4 Apply 62 blows from the rammer dropped from a height of 450 mm above the soil as
controlled by the guide tube. Distribute the blows uniformly over the surface and ensure that the rammer
always falls freely and is not obstructed by soil in the guide tube (see K. H. Bead, 2006 [3]).

11.6.4.1.5 Repeat 11.6.4.1.3 and 11.6.4.1.4 four more times so that the amount of soil used is sufficient
to fill the mould body, with the surface not more than 6 mm proud of the upper edge of the mould body.
(See note to 11.4.4.1.5.)

11.6.4.1.6 Remove the extension, strike off the excess soil and level off the surface of the compacted
soil carefully to the top of the mould using the straightedge. Replace any coarse particles, removed in
the levelling process, by finer material from the sample, well pressed in.

11.6.4.1.7 Weigh the soil and mould with baseplate to 5 g (mz2).

11.6.4.1.8 Remove the compacted soil from the mould and place it on the large metal tray. Take a
representative specimen of the soil for determination of its water content as described in BCDC 13
(1864)/BS EN 17892-1.

11.6.4.1.9 Break up the remainder of the soil, rub it through the 20 mm or the 37.5 mm test sieve and
mix with the remainder of the prepared test specimen.

11.6.4.1.10 Add a suitable increment of water (see note to 11.4.4.1.10) and mix thoroughly into the soil.

11.6.4.1.11 Repeat 11.6.4.1.3. to 11.6.4.1.10 to give a total of at least five determinations. The water
contents shall be such that the optimum water content, at which the maximum dry density occurs, lies
near the middle of the range.

11.6.4.2 Compaction procedure for soil particles susceptible to crushing
11.6.4.2.1 Weigh, measure and prepare the mould as described in 11.6.4.1.1 and 11.6.4.1.2.

11.6.4.2.2 Carry out a compaction test on each of the prepared specimens as described in 11.6.4.1.3
to 11.6.4.1.8.

11.6.4.2.3 Discard the remainder of each compacted sample.

11.6.5 Calculations

For plotting and expression of results, proceed as described in 11.3.5.
11.6.6 Test report

The test report shall comply with 11.3.6.

11.7 Compaction method using vibrating hammer

COMMENTARY ON 11.7

This test covers the determination of the dry density of soil, which contains some particles up to coarse
gravel size, when it is compacted by vibration in a specified manner over a range of water contents.
The range includes the optimum water content at which the maximum dry density for the specified
degree of compaction is obtained. In this test the soil is compacted into a CBR mould using an
electrically operated vibrating hammer.

The test is suitable for certain soils containing no more than 30% by mass of material retained on the
20 mm test sieve, which may include some particles retained on the 37.5 mm test sieve. It is not
generally suitable for fine soils.

11.7.1 General
The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.
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11.7.2 Apparatus
11.7.2.1 Cylindrical, corrosion-resistant metal mould, i.e. the CBR mould, as described in 15.2.2.2.

11.7.2.2 Electric vibrating hammer having a power consumption between 600 W and 800 W and
operating at a frequency between 25 Hz to 60 Hz.

NOTE

For safety reasons the vibrating hammer should operate on 110V, and an earth leakage circuit breaker should
be included between the hammer and the mains supply.

11.7.2.3 Steel tamper for attachment to the vibrating hammer. Essential dimensions are shown in Figure
7 b), which also indicates one suitable design of tamper.

11.7.2.4 Supporting guide frame for vibrating hammer (optional).

11.7.2.5 Depth gauge or steel rule, or other device which enables the sample depth to be measured to
an accuracy of 0.5 mm.

11.7.2.6 Balance readable to 5 g.

11.7.2.7 Straightedge, e.g. a steel strip about 300 mm long, 25 mm wide, and 3 mm thick, with one
bevelled edge.

11.7.2.8 Test sieves, of aperture sizes 37.5 mm and 20 mm, and. receiver.

11.7.2.9 Corrosion-resistant metal or plastics tray with sides, e.g. about 80 mm deep, of a size suitable
for the quantity of material to be used.

11.7.2.10 Scoop.

11.7.2.11 Apparatus for the determination of water content as described in BCDC 13 (1864)/BS EN ISO
17892-1

11.7.2.12 Stop clock readable to 1 s.
11.7.2.13 Apparatus for extracting compacted specimens from the mould (optional).

Dimensions in millimetres

To suit hammer To suit hammer

Total mass of tamper
shall not exceed 3 kg

Total mass of tamper
shall not exceed 2.5 kg

(=}
-—

10

$100 +2*

a) For use with the 1L compaction mould b) For use with the CBR mould

NOTE
See BCDC 13 (2045),5.1.3.1.
Figure 7 Tampers for vibrating hammer compaction tests

11.7.3 Calibration of vibrating hammer
11.7.3.1 General

The vibrating hammer shall be maintained in accordance with the manufacturer's instructions. Its
working parts shall not be badly worn
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The calibration test described in 11.7.3.3 shall be carried out to determine whether the vibrating hammer
is in satisfactory working order, and able to comply with the requirements of the test described in 11.7.5.

The pressure check described in 11.7.3.4 shall be made by the operator carrying out the calibration
test.

11.7.3.2 Material

Clean, dry, silica sand shall be used in accordance with the grading in Table 4. The sand shall not have
been used previously.

Table 4 - Grading for calibration sand

Sieve size (um) Percentage passing
850 100

600 075

425 025

300 0

This sand shall be sieved through a 600 pum test sieve and the coarse fraction discarded.
11.7.3.3 Calibration test

11.7.3.3.1 Take a (5 = 0.1) kg specimen of the sand specified in 11.7.3.2, which has not been used
previously, and mix it with water in order to raise its water content to (2.5 + 0.5) %.

11.7.3.3.2 Compact the wet sand in a cylindrical metal mould of 152 mm diameter and 127 mm depth,
using the vibrating hammer as specified in 11.7.5.1.

NOTE

The operator can usually judge the required pressure to apply with sufficient accuracy after first carrying out
the check described in 11.7.3.4.

11.7.3.3.3 Carry out a total of three tests, all on the same sample of sand, and determine the mean dry
density. Determine the dry density values to the nearest 0.002 Mg/m3.

11.7.3.3.4 If the range of values in the three tests exceeds 0.01 Mg/m?, repeat the procedure. Consider
the vibrating hammer suitable for use in the vibrating compaction test if the mean dry density of the
sand exceeds 1.74 Mg/m?3

11.7.3.4 Pressure check

Apply pressure combined with vibration to ensure the required degree of compaction. A downward force
on the sample surface of 300 N to 400 N shall be applied this being greater than the force needed to
prevent the hammer bouncing on the soil.

The required pressure shall be assessed by applying the vibrating hammer, without vibration, to a
platform scale. The required force is applied when a mass of 30 kg to 40 kg is indicated.

11.7.4 Preparation of specimen

Prepare the test sample as described in 11.2.4.1, 11.2.4.2, 11.2.4.3, 11.2.4.4,11.2.45 or 11.2.4.6 as
appropriate.

11.7.5 Procedure
11.7.5.1 Compaction procedure for soil particles not susceptible to crushing

11.7.5.1.1 Weigh the mould, with baseplate and extension attached, to 5 g (m1). Measure the internal
dimensions to 0.5 mm.

11.7.5.1.2 Attach the extension to the mould and place the mould assembly on a solid base, e.g. a
concrete floor or plinth.

11.7.5.1.3 Place a quantity of moist soil in the mould such that when compacted it occupies a little over
one-third of the height of the mould body.

11.7.5.1.4 Place the circular tamper on the soil and compact with the vibrating hammer for (60 + 2) s.
During this period apply a steady downward force on the hammer so that the total downward force on
the sample, including that from the mass of the hammer, is between 300 N and 400 N. (See note to
11.7.3.3.2).
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NOTE

A disc of polythene (polyethylene) sheet may be placed immediately beneath the tamper plate to prevent
sand particles moving up through the annular gap.

11.7.5.1.5 Repeat 11.7.5.1.3 and 11.7.5.1.4 twice more.

11.7.5.1.6 Remove any loose material lying on the surface of the sample around the sides of the mould.

11.7.5.1.7 Lay a straightedge across the top of the extension collar and measure down to the surface
of the sample to an accuracy of 0.5 mm. Take readings at four points spaced evenly over the surface
of the sample, all at least 15 mm from the side of the mould. Calculate the mean height, h (in mm), of
the sample. If the sample is less than 127 mm or more than 133 mm in height, reject it and repeat the
test from 11.7.5.1.3 until a sample of the required height is obtained.

11.7.5.1.8 Weigh the soil and mould with baseplate and extension to 5 g (mz).

11.7.5.1.9 Remove the compacted soil from the mould and place it on the metal tray. Take a
representative sample of the soil for determination of its water content as described in BCDC 13
(1864)/BS EN I1SO 17892-1.

11.7.5.1.10 Break up the remainder of the soil, rub it through the 20 mm or the 37.5 mm test sieve and
mix with the remainder of the prepared test sample.

11.7.5.1.11 Add a suitable increment of water and mix thoroughly into the soil.

NOTE

The water added for each stage of the test should be such that a range of water contents is obtained which
includes the optimum water content. In general, increments of 1 % to 2 % are suitable for sandy and gravelly
soils. To increase the accuracy of the test it is often advisable to reduce the increments of water in the region
of the optimum water content.

11.7.5.1.12 Repeat 11.7.5.1.3 to 11.7.5.1.11 to give a total of at least five determinations. The water
contents shall be such that the optimum water content, at which the maximum dry density occurs lies
near the middle of the range.

11.7.5.2 Compaction procedure for soil particle susceptible to crushing

NOTE

The soil should be considered susceptible to crushing during compaction if the sample contains coarse
material of a soft nature, e.g. weaker limestone, sandstone, which is reduced in size by the action of the
vibrating hammer. The procedure described in this subclause for soils susceptible to crushing during
compaction can be applied to a/l coarse soils if it is convenient to do so.

11.7.5.2.1 Weigh, measure and prepare the CBR mould as described in 11.7.5.1.1 and 11.7.5.1.2.

11.7.5.2.2 Carry out a compaction test on each of the prepared samples in turn as described in
11.7.5.1.31t0 11.7.5.1.9.

11.7.5.2.3 Discard the remainder of each compacted sample.
11.7.6 Calculations, plotting and expression of results

11.7.6.1 Calculate the bulk density, z (in Mg/m3), of each compacted specimen using the formula:

) a a
—B8q PTTM
where
a is the mass of mould and baseplate and extension (in g);
a is the mass of mould, baseplate and extension and compacted soil (in g);
Q is the height of the compacted sample (in mm);
0 is the circular area of the mould (in mm?3).

11.7.6.2 Calculate the dry density, zm (in Mg/m?3), of each compacted specimen using the formula:

) pTT
p TV

where

0 is the water content of the soil (in %)
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11.7.6.3 Plot the dry densities obtained from a series of determinations as ordinates against the
corresponding water contents as abscissae. Draw a curve of best fit to the plotted points and identify
the position of the maximum on this curve. Read off the values of dry density and water content, to
three significant figures, corresponding to that point. (See Figure 5.)

11.7.6.4 Plot the dry densities obtained from a series of determinations on the y-axis against the
corresponding water contents on the x-axis. Draw a curve of best fit to the plotted points and identify
the position of the maximum on this curve. Read off the values of dry density and water content, to
three significant figures, corresponding to that point (see Figure 1).

NOTE
The maximum may lie between two observed points however, when drawing the curve, care should be taken
not to exaggerate its peak.

11.7.6.5 On the same graph, plot the curves corresponding to 0 %, 5 % and 10 % air voids, calculated
using the formula:

P i
” pTIT
where
” is the dry density (in Mg/m3);
” is the particle density (in Mg/m3);
” is the density of water (in Mg/m3), assumed equal to 1;
@ is the volume of air voids in the soil, expressed as a percentage of the total volume of the soil
(equal to 0 %, 5 %, 10 % for the purpose of this plot);
0 is the water content (in %);
NOTE

See Figure 1 with regard to the dry density/water content relationship curve.
11.7.7 Test report

The test report shall affirm that the test was carried out in accordance with 11.7 contain the :
a) method of test used;
b) specimen preparation procedure and whether a single specimen or separate specimen were used;

c) experimental points and the smooth curve drawn through them showing the relationship between
water content and dry density;

d) compaction dry density corresponding to the maximum dry density on the water content/dry density
curve reported as the maximum dry density to the nearest 0.01 (in Mg/m?);

e) percentage water content corresponding to the maximum dry density on the water content/dry
density curve reported as the optimum water content to two significant figures;

f) amount of particles retained on the 37.5 mm test sieve and 20 mm test sieve reported to the nearest
1% by dry mass;

g) grading zone (1 to 5);

h) particle density and whether measured (and if so the method used) or assumed;

i) information required by BCDC 13 (2045), 10.1.

12 Determination of maximum and minimum dry densities for coarse soils

COMMENTARY ON CLAUSE 12

An indication of the state of compaction of a coarse (free-draining) soil is obtained by relating its dry
density to its maximum and minimum possible densities (the limiting densities). The tests described in
this clause enable these parameters to be determined for coarse soils.

Two tests are described for the determination of maximum density, one for sands and one for gravelly
soils. In both tests the soil is compacted under water with a vibrating hammer. The test on sands is
carried out in a 1 L mould. Gravelly soils are compacted in a CBR mould using a procedure similar to
that described in 11.7.

Two tests are described for determination of minimum density. One is a simple dry shaking test for
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sands and the other is a dropping test for gravelly soils.
The in-situ density can be related to the limiting densities by means of the density index.

When the amount of material is limited or the material is likely to be crushed during testing, alternative
methods are available, see S. Knudsen et al. 2020 [4]. These are the preferred methods for offshore
investigations in accordance with B.S EN 1SO 19901-8.

12.1 Determination of maximum density of sands

COMMENTARY ON 12.1

This test covers the determination of the maximum density to which a clean sand can be compacted.
The method is suitable for sands containing a small amount of material passing a 63 um test sieve and
up to 10% of fine gravel passing a 6.3 mm test sieve. The soil is compacted into a 1 L mould under
water using an electric vibrating hammer.

Use of a vibrating hammer is appropriate for free-draining soils containing only a small proportion
(typically not exceeding 10% by mass) of material finer than 63 um, as some fine material is likely to
escape from the sample during vibration.

This test is not applicable to soils containing particles susceptible to crushing when compacted by the
vibrating hammer.

12.1.1 General
The requirement of BCDC 13 (2045), where appropriate, shall apply to this test method.
12.1.2 Apparatus

12.1.2.1 Cylindrical, corrosion-resistant metal mould, i.e. the 1 L mould, with baseplate and extension,
as described in 11.3.2.1.

12.1.2.2 Electric vibrating hammer as specified in 11.7.2.2.

NOTE

For safety reasons the vibrating hammer should operate on 110 V, and an earth leakage circuit breaker should
be included between the hammer and the mains supply.

12.1.2.3 Steel tamper for attachment to the vibrating hammer.

NOTE
Essential dimensions are shown in Figure 7 a) which also indicates one suitable design of tamper.

12.1.2.4 Supporting guide frame for vibrating hammer (optional).
12.1.2.5 Watertight container large enough to hold the compaction mould.
12.1.2.6 Balance readableto 1 g,

12.1.2.7 Straightedge, e.g. a steel strip about 300 mm long, 25 mm wide, and 3 mm thick, with one
bevelled edge.

12.1.2.8 Test sieves of aperture sizes 2 mm and 6.3 mm, and receiver.

12.1.2.9 Palette knife or spatula.

12.1.2.10 Large metal tray with sides about 80 mm deep.

12.1.2.11 Small metal tray with sides about 50 mm deep.

12.1.2.12 Bucket or similar watertight container.

12.1.2.13 Small scoop.

12.1.2.14 Drying oven capable of maintaining a temperature of 105 °C to 100 °C.
12.1.2.15 Stop clock readable to 1 s.

12.1.2.16 Apparatus for extracting compacted specimens from the mould (optional).
12.1.2.17 Water container of about 5 L capacity.

12.1.3 Calibration of vibrating hammer

The vibrating hammer shall be checked and calibrated as specified in 11.7.3.
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12.1.4 Preparation of sample

12.1.4.1 Take enough material from the soil prepared, as described in BCDC 13 (2045), 8.6.4 to enable
at least two test specimens to be prepared.

12.1.4.2 Sieve the soil on a 6.3 mm test sieve. The retained material may be broken down to sizes
between 2 mm and 6.3 mm provided that the total proportion by mas in this size range does not exceed
10 %.

12.1.4.3 Mix the soil thoroughly on the large metal tray and divide into at least two representative
specimens of approximately 3 kg each.

12.1.4.4 Pour each prepared sample into warm water in a bucket or suitable container, and stir
thoroughly to remove air bubbles.

12.1.4.5 Cover the container and allow to stand for several hours e.g. overnight, to cool.
12.1.5 Procedure
12.1.5.1 Measure the internal dimensions of the compaction mould to 0.1 mm.

12.1.5.2 Attach the extension to the mould and place the mould assembly in the watertight container
on a solid base, e.g. a concrete floor or plinth. Pour water to about 50 mm depth in the mould body, and
to the same level in the surrounding container.

12.1.5.3 Add a portion of the soil-water mixture to the mould with the scoop, placing it carefully under
the water surface without loss of fines and without segregation of coarse particles. The quantity of
sample should be such that the mould is about one-third filled when compacted. Add water to the
surrounding container up to the same level as in the mould. Make the soil surface approximately level.

12.1.5.4 Place the circular tamper on the soil and compact with the vibrating hammer for at least 2 min
or until there is no further significant decrease in sample height. During this period apply a steady
downward force on the hammer so that the total downward force on the sample (including that from the
mass of the hammer) is between 300 N and 400 N.

NOTE

1. For safety reasons the vibrating hammer should be protected from water splashing up from the mould
and its container.

2. The operator can usually judge the required pressure to apply with sufficient accuracy after first carrying
out the calibration specified in 11.7.3.4.

3. A disc of polyethylene sheet may be placed immediately beneath the tamper plate to prevent sand
particles moving up through the annular gap.

12.1.5.5 Repeat 12.1.5.3 and 12.1.5.4 twice more, ensuring that the surface of the sample is always
under water After compaction of the third layer its surface shall be at least level with, but not more than
6 mm proud of, the mould body.

NOTE
The tamper should be removed with care to avoid disturbance of the sand surface by creating suction.

12.1.5.6 Remove the mould containing the soil from the container, clean off any adhering soil from the
outside and allow free water to drain from the specimen.

12.1.5.7 Remove the extension carefully and trim off the compacted soil level with the top of the mould,
using the straightedge. Refill cavities, left by removal of any coarse particles, with finer material, well
pressed in.

12.1.5.8 Extract the compacted soil from the mould into the small weighed metal tray, without loss of
any soil particles.

12.1.5.9 Dry the soil in an oven at 105 °C to 110 °C, weigh when cool and determine the mass of soil,
m (ing),to 1 g.

12.1.5.10 Repeat 12.1.5.2 to 12.1.5.9 using the second batch of prepared specimen.

12.1.5.11 If the dry masses from the two tests differ by more than 50 g, repeat the procedure using
fresh specimen of the sail.

12.1.6 Calculations and expression of results
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12.1.6.1 Calculate the internal volume, V (in cm3), of the mould.

12.1.6.2 Calculate the maximum dry density (zm 44 of the soil (in Mg/m3) using the formula:

) a
8 6
where
a is the greater of the two dry masses of soil compacted into the mould (in g).

12.1.6.3 Express the result to the nearest 0.01 Mg/m83.

12.1.7 Test report

The test report shall affirm that the test was carried out in accordance with 12.1 and shall contain:
a) method of test used;

b) maximum dry density;

c) percentage of material retained on the 6.3 mm test sieve and whether it was replaced by smaller
particles;

d) information required by BCDC 13 (2045), 10.1.
12.2 Maximum density of gravelly soils

COMMENTARY ON 12.2

This test covers the determination of the maximum density to which a gravel or sandy gravel can be
compacted. The method is suitable for soils passing the 37.5 mm test sieve and containing a small
amount of material passing the 63 um test sieve. The soil is compacted into a CBR mould using a
vibrating hammer.

Use of a vibrating hammer is appropriate for free-draining soils containing only a small proportion
(typically not exceeding 10% by mass) of material finer than 63 um, as some fine material is likely to
escape from the sample during vibration.

This test is not applicable to soils containing particles susceptible to crushing when compacted by the
vibrating hammer.

12.2.1 General

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.

12.2.2 Apparatus

12.2.2.1 Cylindrical, corrosion-resistant metal mould, i.e., the CBR mould, as described in 15.2.2.2.
12.2.2.2 Vibrating hammer as specified in 11.7.2.2.

NOTE

For safety reasons the vibrating hammer, should operate on 110 V and an earth leakage circuit breaker should
be included between the hammer and the mains supply.

12.2.2.3 Steel tamper for attachment to the vibrating hammer as specified in. 11.7.2.3. [See Figure 7
b)].

12.2.2.4 Supporting guide frame for vibrating hammer (optional).

12.2.2.5 Watertight container large enough to hold the mould.

12.2.2.6 Balance readable to 5 g.

12.2.2.7 Straightedge, e.g. a steel strip about 300 mm long, 25 mm wide, and 3 mm thick, with one
bevelled edge.

12.2.2.8 Test sieves, of aperture sizes 37.5 mm and 20 mm and a receiver.

12.2.2.9 Two corrosion-resistant, metal or plastics trays, with sides, e.g. about 80 mm deep, of a size
suitable for the quantity of material to be used.

12.2.2.10 Bucket, or similar waterproof container.
12.2.2.11 Scoop.
12.2.2.12 Drying oven, capable of maintaining a temperature of 105 °C to 110°C.
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12.2.2.13 Stopclock, readable to 1 s.

12.2.2.14 Apparatus for extracting compacted specimens from the mould.
12.2.2.15 Water container, of about 10 L capacity.

12.2.3 Calibration of vibrating hammer

The vibrating hammer shall be checked and calibrated as specified in 11.7.3.
12.2.4 Preparation of specimen

12.2.4.1 Take enough material from the soil prepared as described in BCDC 13 (2045), 8.6.4 to enable
at least two test samples to be prepared.

12.2.4.2 Sieve the soil on a 37.5 mm test sieve. The retained material may be broken down to sizes
between 20 mm and 6.3 mm provided that the total proportion by mass in this size range does not
exceed 30 %.

12.2.4.3 Mix the soil thoroughly and divide into at least two representative specimens of approximately
8 kg each.

12.2.4.4 Pour each prepared sample into warm water into a bucket or suitable container and stir
thoroughly to remove air bubbles.

12.2.4.5 Cover the container and allow to stand for several hours, e.g. overnight, to cool.
12.2.5 Procedure
12.2.5.1 Measure the internal dimensions of the mould to 0.5 mm.

12.2.5.2 Attach the extension to the mould and place the mould assembly in the watertight container
on a suitable base, e.g. a concrete floor or plinth. Pour water to about 50 mm depth in the mould body,
and to the same level in the surrounding container.

12.2.5.3 Add some of the soil-water mixture to the mould with the scoop, placing it carefully under the
water surface without loss of fines and without segregation of coarse particles. The quantity of sample
shall be such that the mould is about one-third filled when compacted. Add water to the surrounding
container up to the same level as in the mould. Make the soil surface approximately level.

12.2.5.4 Place the circular tamper on the soil and compact with the vibrating hammer. Apply a steady
downward force between 300 N and 400 N for at least 3 min or until there is no further significant
decrease in sample height.

NOTE

1. For safety reasons the vibrating hammer should be protected from water splashing up from the mould
and its container.

2. The operator can usually judge the required pressure to apply with sufficient accuracy after first carrying
out the calibration described in 11.7.3.4.

3. Adisc of polyethene (polyethylene)sheet can be placed immediately beneath the tamper plate to prevent
sand particles moving up through the annular gap.

12.2.5.5 Repeat 12.2.5.3 and 12.2.5.4 twice, each adding a third of the height of the mould after
compaction, ensuring the specimen is always under water. After compaction of the third layer its surface
shall be at least level with, but not more than 6 mm proud of, the mould body.

NOTE

The tamper should be removed with care to avoid disturbance of the soil surface by creating suction.

12.2.5.6 Remove the mould containing the soil from the container, clean off any adhering soil from the
outside and allow free water to drain from the specimen.

12.2.5.7 Remove the extension carefully and trim off the compacted soil level with the top of the mould,
using the straightedge. Refill cavities left by removal of any coarse particles with finer material, well
pressed in.

12.2.5.8 Extract the compacted soil from the mould into a weighed metal tray, without loss of any soil
particles.

12.2.5.9 Dry the soil in an oven at 105 °C to 110 °C, weigh when cool and determine the mass of soil,
m (in g),to 5 g.
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12.2.5.10 Repeat 12.2.5.2 to 12.2.5.9 using the second batch of prepared specimen.

12.2.5.11 If the dry masses from the two tests differ by more than 150 g, repeat the procedure using
fresh specimens of the soil.

12.2.6 Calculations and expression of results
12.2.6.1 Calculate the internal volume, V(in cm3), of the mould.

12.2.6.2 Calculate the maximum dry density of the soil,zm Lg(in Mg/m3), from the equation

., a
8w
where
a is the greater of the two dry masses of soil compacted into the mould (in g).

12.2.6.3 Express the result to the nearest 0.01 Mg/mé.
12.2.7 Test report

The test report shall affirm that the test was carried out in accordance with 12.2 and shall contain the:
a) method of test used;
b) maximum dry density;

c) percentage of material retained on the 37.5 mm test sieve and whether it was replaced by smaller
particles; and

d) relevant information required by BCDC 13 (2045),10.1.
12.3 Minimum density of sands

COMMENTARY ON 12.3

This test covers the determination of the minimum density which a clean, dry sand can sustain. This
does not necessarily relate to a state attainable in the field. The method is suitable for sands containing
up to about 10 % of fine material passing the 63um test sieve and with no material retained on the 2
mm test sieve. The dry sand is shaken in a glass cylinder and allowed to fall freely, thereby entrapping
air and forming a grain structure enclosing the maximum possible volume of voids.

12.3.1 General

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.
12.3.2 Apparatus

12.3.2.1 1 L glass measuring cylinder, graduated to 20 mL, preferably without a pouring lip.

12.3.2.2 Rubber bung to fit the cylinder or a piece of rubber membrane and a rubber O-ring to seal its
mouth.

12.3.2.3 Balance readable to 1 g.

12.3.2.4 Drying oven capable of maintaining a temperature of 105 °C to 110 °C in accordance with BS
1377-1:2016, 5.2.2.1.

12.3.2.5 2 mm test sieve, and receiver.
12.3.3 Preparation of specimen

12.3.3.1 Prepare the sand in accordance with BCDC 13 (2045), 8.6.4 and pass it through a 2 mm test
sieve if necessary.

12.3.3.2 Obtain a representative test specimen of (1 000 + 1) g.

12.3.4 Procedure

12.3.4.1 Place the weighed specimen of sand in the glass cylinder and fit the bung or cover.
12.3.4.2 Shake the cylinder to loosen the sand and invert it a few times.

12.3.4.3 Turn the cylinder upside down, pause until all the sand is at rest, then quickly turn it right way
up. Stand the cylinder on a flat surface without jarring it.

12.3.4.4 Record the volume reading (V) at the mean level of the surface of the sand to the nearest 10
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mL. Avoid shaking or jolting the cylinder- during this operation.
12.3.4.5 Repeat 12.3.4.2, 12.3.4.3 and 12.3.4.4 to give at least 10 readings.

12.3.5 Calculations and expression of results

Calculate the minimum dry density of the sand,” g(in Mg/m3), using the formula:
., pTTT
& o
where
® is the greatest of the 10 or more volume readings recorded (in mL).

Express the result to the nearest 0.01 Mg/m?3
12.3.6 Test report

The test report shall affirm that the test was carried out in accordance with 12.3 and shall contain the:
a) method of test used;

b) minimum dry density;

c) percentage of material retained on the 2 mm test sieve;

d) relevant information required by BCDC 13 (2045), 10.1.

12.4 Minimum density of gravelly soils

COMMENTARY ON 12.4

This test covers the determination of the minimum density at which a gravel or sandy gravel can be
placed. This method is suitable for gravelly soils passing the 37.5 mm test sieve and containing no more
than 10 % of fine material passing the 63 um test sieve. The soail is allowed to fall freely into a CBR
mould, 152 mm in diameter, forming a grain structure enclosing the maximum possible volume of voids.

12.4.1 General

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.

12.4.2 Apparatus

12.4.2.1 Cylindrical, corrosion-resistant, metal mould, i.e. the CBR mould, as described in 15.2.2.2.
12.4.2.2 Bucket or similar container of suitable size

12.4.2.3 Corrosion-resistant, metal or plastics tray with sides, about 80 mm deep, of a size suitable for
the quantity of material to be used.

12.4.2.4 Suitable container, for weighing the sample.

12.4.2.5 Scoop.

12.4.2.6 Straightedge, e.g. a steel strip about 300 mm long, 25 mm wide, and 3 mm thick.
12.4.2.7 Balance, readable to 5 g.

12.4.2.8 37.5 mm test sieve, and a receiver.

12.4.2.9 Drying oven, capable of maintaining a temperature of 105 °C to 110 °C.

12.4.3 Preparation of sample

12.4.3.1 Prepare the soil in accordance with BCDC 13 (2045), 8.6.4 and pass through a 37.5 mm test
sieve if necessary.

12.4.3.2 Take a representative sample, obtained by riffling, at least 50 % larger than the internal volume
of the mould.

12.4.4 Procedure
12.4.4.1 Measure the internal dimensions of the mould to 0.5 mm.
12.4.4.2 Place the sample in the bucket, and mix to ensure an even distribution of particles of all sizes.

12.4.4.3 Place the mould, with base and extension attached, on the tray and pour the contents of the
bucket steadily from a height of approximately 0.5 m into the mould, for approximately 1 s.
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12.4.4.4 Carefully remove the extension and level the surface of the soil to the top of the mould without
disturbing the soil in the mould or jarring the mould. Pick off large particles individually by hand, and
finally check the surface with the straightedge. A cavity left by the removal of a large particle shall be
filled, where possible with a single smaller particle.

12.4.4.5 Empty the contents of the mould into the weighed container and determine the mass of soil, m
(9) to the nearest 5 g.

12.4.4.6 Remix the soil with the excess remaining on the tray and repeat 12.4.4.2 to 12.4.4.5 to give at
least 10 determinations altogether.

12.4.5 Calculations and expression of results
12.4.5.1 Calculate the internal volume, V(in cm3), of the mould.

12.4.5.2 Calculate the minimum dry density of the soil, zm - £in Mg/m?3), using the formula:

) a
SR
where
a is the lowest of the 10 or more recorded masses of soil placed in the mould (in g).

Express the result to the nearest 0.01 Mg/m3.
12.4.6 Test report

The test report shall affirm that the test was carried out in accordance with 12.4 and shall contain the:
a) method of test used;

b) minimum dry density;

c) percentage of material in the original sample retained on the 37.5 mm test sieve;

d) information required by BCDC 13 (2045), 10.1.

12.5 Derivation of density index

COMMENTARY ON 12.5
The density index, "0, is an index which relates the voids ratio, or dry density, of a soil sample, or of the
sail in situ, to the limiting voids ratios, or dry densities, determined as described in 12.1 to 12.4.

If the dry density of the soil in question is denoted by ” , the density index, 'O, may be calculated from
the equation

” ” ”

‘O

” ” ”

where
” g Is the dry density at the least dense state;
” & IS the dry density at the densest state.

13 Determination of moisture condition value (MCV)
13.1 General

COMMENTARY ON 13.1

In the moisture condition test the minimum compactive effort required to produce near-full compaction
of a specimen of soil passing a 20 mm sieve is determined. The procedures cover the determination of
the moisture condition value (MCV) of a specimen of soil and the determination of the variation of MCV
with changing water content. A rapid procedure for assessing whether or not a specimen of soil is
stronger than a pre-calibrated standard is also included.

The requirements of BCDC 13 (2045), where appropriate, shall apply to the test methods described in
this clause.

13.2 Apparatus

13.2.1 Moisture condition apparatus, complete with mould, separating disc and a means of measuring
the penetration or protrusion of the rammer to an accuracy of 0.1 mm.

NOTE
The main features are shown in Figure 8.
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Other forms of apparatus are acceptable, however the apparatus shall include the following:

a) frame. The frame, including the base and guide rods, shall be of robust construction. The mass of
the base shall be at least 31 kg.

A means of positively locating the mould on the base shall be provided;
NOTE
No special ground or plinth is required so long as the rammer can fall vertically and freely.

b) mould. The mould cylinder shall be detachable from the mould base and so designed that, when
detached, the internal bore shall be uninterrupted throughout its length.

The mould shall be permeable at the base.
NOTE

This can be achieved by making the mould base plug a loose fit within the mould cylinder and providing
castellations around the bottom of the mould cylinder.

The permeability shall be such that water discharges from the mould, when maintained at a constant
head of 175 mm above the base of the mould, at a rate of between 4 L/min and 7 L/min.

The inner surface of the mould cylinder shall have a protective coating.
The internal diameter of the mould, before the addition of the coating, shall be between 100.00 mm and
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100.10 mm.

The internal height of the mould shall be at least 200 mm;

c) rammer. The total mass of the rammer, together with the guidance and lifting attachments, shall be
7 kg £50 g.

The diameter of the bottom face of the rammer shall be between 96.95 mm and 97.00 mm; no other

part of the rammer that enters the mould shall exceed this diameter.

The bottom face of the rammer shall be flat except that fixing and locating devices shall be permissible.

The rammer shall have a guidance system which, while not impairing the ability to achieve the near free
fall requirements, ensures that the rammer does not strike the mould cylinder during the test.

The rammer shall fall freely with minimal friction losses from the guidance system between the release
point and the surface of the soil sample in the mould.

The guidance and lifting attachments shall be so designed that the bottom face of the rammer is capable
of penetrating to within 35 mm of the bottom of the mould.

A scale or measuring device shall be provided and attached to the rammer. The scale, in association
with a vernier placed on the top surface of the mould cylinder, shall allow the penetration of the rammer
into the mould to be read to within 0.1 mm.

NOTE

Alternatively, a depth gauge capable of being read to 0.1 mm can be provided to measure the length of
rammer protruding above the top of the mould.

A lightweight rigid disc of appropriate material, e.g. fibre, with a minimum diameter of 99.10 mm shall
be provided to separate the soil sample in the mould from the bottom face of the rammer;

d) lifting system. This shall include an automatic latch which engages the rammer lifting attachment at
the lower limit of travel and which releases the rammer at a pre-set level at the upper limit of travel;
and

NOTE
An automatic counter to indicate the number of times that the rammer has been released can be provided.

e) drop height control. The position of the rammer release actuator shall be adjustable such that the
required height of drop to the surface of the soil sample shall be maintained. The rammer release
actuator shall be positively located in any of a number of positions such that the desired height of
drop is achieved to within 5 mm.

An indicator system registering the height of drop shall relate the rammer release point to the lower limit
of travel of the rammer, i.e. when at rest on the surface of the soil sample.

The height of drop indicator and the height of drop shall be adjustable between 100 mm and 260 mm.
The rammer shall be capable of being released at a height such that the bottom face of the rammer is
at least 250 mm above the top of the mould cylinder.

13.2.2 Balance of 2 kg, capacity reading to 1 g.

NOTE

For site use; when the proportion of material retained on the 20 mm sieve is not required to be weighed, a
balance readable to 209 is adequate.

13.2.3 20 mm test sieve, and receiver.

13.2.4 Corrosion-resistant metal or plastics tray with sides, e.g. approximately 80 mm deep, of a size
suitablefor the quantity of material to be used.

13.2.5 Apparatus for extracting specimens from the mould (optional).

13.2.6 Apparatus for the determination of water content, as described in BCDC 13 (1864)/BS EN
ISO 17892-1.

13.3 Checking the moisture condition apparatus

Before and after a series of tests, the apparatus shall be checked and if necessary, adjusted as follows:
a) The rammer shall be capable of dropping freely.

b) The height of drop of the rammer shall be set to 250 mm in accordance with the manufacturer's
instructions.

NOTE
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A height of drop of 250 mm to the top of the rigid disc is normally used. Occasionally, reduced heights of drop
can be used to produce a suitable range of MCVs at increased water contents. When a height of drop other
than 250 mm is used, the height of drop should be clearly stated in the results.

c) All components of the apparatus shall be secure.

d) The separating disc shall be of such a size that it passes freely through the bore of the mould. Any
disc oversize shall be discarded.

13.4 Determination of the MCV of a specimen of soil at its natural water content
13.4.1 Procedure

13.4.1.1 Pass the soil through a 20 mm test sieve, break down particle aggregations, as necessary and
remove only individual particles coarser than 20 mm. Weigh the removed material to 1 g if the proportion
of coarse particles is to be reported.

13.4.1.2 Take a representative specimen of material passing the 20 mm test sieve for determination of
thewater content.

13.4.1.3 Take a 1.5 kg £20 g specimen of soil passing the 20 mm test sieve.

NOTE

The aggregations of soil placed in the mould need not be broken down any further after passing through
the 20 mm sieve.

Place the soil as loosely as possible in the clean, dry mould (the soil may be pushed into the mould, if
necessary) and place a separating disc on top of the soil.

NOTE

If the soil is not placed in its loosest condition the reproducibility of the test can be affected. The loose soil
condition can be achieved by pouring the soil, either directly into the mould, or through a funnel designed to
fit the top of the mould. If the mould might overflow, the soil may be pushed into the mould, but only to such
an extent that the final surface of the loose soil is within approximately 5 mm of the top of the mould.

13.4.1.4 With the rammer held in the raised position by the retaining pin, locate the mould on the base
of the apparatus and adjust the automatic counter to zero.

13.4.1.5 Hold the rammer steady and remove the retaining pin. Lower the rammer gently onto the
separating disc and allow it to penetrate into the mould under its own weight until it comes to rest. Set
the height of drop at (250 £5) mm (see Note to 13.3.).

13.4.1.6 Apply one blow of the rammer to the specimen by raising the rammer until it is released by the
automatic catch. Measure the penetration of the rammer into the mould, or the length of rammer
protruding from the mould, to 0.1 mm.

NOTE

The penetration of the rammer into the mould can be read with the aid of a calibrated vernier or depth gauge,
or alternatively, from a scale on the side of the rammer. The measured readings can be recorded directly in
the appropriate column of the data sheet {see Figure A.1) and the change in penetration calculated by simple
subtraction.

13.4.1.7 Reset the height of drop to 250 mm.

13.4.1.8 Repeat 13.4.1.6 and 13.4.1.7, taking readings of penetration or protrusion after a selected
accumulated number of blows (see Figure A.1) and resetting the height of drop to 250 mm, as
necessary, until no further significant increase in penetration occurs, or until 256 blows have been
applied.

NOTE

For a very dry material with a high MCV, if more than 256 blows are required the MCV should be reported as
"more than 18".

13.4.1.9 Carefully raise the rammer and insert the retaining pin.

13.4.1.10 Remove the mould from the apparatus, take off its base and extract the specimen. This
specimen shall not be used to determine the water content.

13.4.2 Calculations and expression of results

COMMENTARY ON 13.4.2
See Figure A.1.
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13.4.2.1 Calculate the change in penetration between any given number of blows, n, and four times as
many blows (total 4n; e.g. 1 and 4, 2 and 8, etc.)

13.4.2.2 Plot the change in penetration, on a linear scale, against the initial number of blows, n, on a
logarithmic scale.

13.4.2.3 Draw the steepest possible straight line through the points lying immediately before or passing
through the 5 mm change in penetration value. The MCV is then defined as 10 log B (to the nearest
0.1) where B is the number of blows at which the change in penetration equals 5 mm, as read from the
straight line. The MCV can be read directly from the lower horizontal axis if a chart similar to Figure A.1
is used.

NOTE

1.

2.

Change in penetration

5 mm
|

For most soil types encountered, the relationship between change of penetration and number of blows is
of the form shown in Figure 9.

As the state of full compaction is approached, the increasing difficulty in expelling air from the soil causes
a reduction in slope of the graph which occasionally extends from above the 5 mm level on the change
in penetration axis, indicated by the dashed curve. Such difficulties in expelling air are affected to some
extent by the test conditions and depend on the type of soil. To eliminate the effects of this problem the
MCV is determined by drawing the steepest straight line through the points approaching the 5 mm value.

In certain soil types, mainly coarse soils, the change in penetration blows relationship might be of the
form shown in Figure 10.

A curve of this form in Figure 10 can be considered to have been obtained if the slope of the relation
decreases and then increases again before crossing the 5 mm level on the change in penetration axis.
The reasons for such a relationship are probably associated with changes additional to the densification
of the soil, such as expulsion of water and crushing of soil particles. In such circumstances, the steepest
straight line cannot be applied, and the number of blows at which the graph crosses the 5 mm value of
change in penetration equates to the energy necessary to produce these changes in addition to
densification. It is not possible with such soils to determine the MCV relating solely to the densification of
the soil in the condition in which it was placed in the mould.

Nonetheless, provided appropriate calibrations are made using the same technique, the MCV derived
from the best-fit line through the points can be used as a satisfactory method of earthwork suitability
control. Where this method is used, it should be clearly stated in the results.

Steepest straight line

MCV=10logB

Number of blows, log scale

Figure 9 - Relationship between change in penetration and number of blows
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Figure 10 - Alternative type of relationship between change in penetration and number of blows

13.4.2.4 Express the moisture condition value of the soil at natural water content to the nearest 0.1 for
a laboratory test.

13.4.3 Test report

The test report shall affirm that the test was carried out in accordance with 1.3A: and shall contain the:
a) method of test;

b) moisture condition value of the soill;

c) plot of change in penetration against logarithm of the number of blows, if required;

d) proportion of dry mass of any particles larger than 20 mm removed from the initial sample;

e) method of interpretation of the test curve; and

f) information required by BS BCDC 13 (2045), 10.1.

13.5 Determination of the MCV/water content relation of a soil
13.5.1 Procedure
13.5.1.1 Soils not susceptible to crushing during compaction

NOTE
In the case of clay soils that require storage in an air-tight container for at least 24 h after mixing with water
to ensure uniform distribution of the water, the method for crushable soils (see 13.5.1.2) should be used.

13.5.1.1.1 Take a specimen of approximately 4 kg of the soil which has been allowed to partially air dry.
Do not allow the soil to dry completely before the test.

13.5.1.1.2 Pass the soil through a 20 mm test sieve, break down particle aggregations, as necessary
and remove only individual particles coarser than 20 mm. Weigh the removed material to 1 g if the
proportion of coarse particles is to be reported.

13.5.1.1.3 Take a representative specimen of material passing the 20 mm test sieve for determination
of the water content, as described in BCDC 13 (1864)/BS EN ISO 17892-1.
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13.5.1.1.4 Thoroughly mix the soil passing the 20 mm test sieve with a suitable amount of water.

NOTE
This initial water content should be such as to produce a MCV between 13 and 15 (full compaction achieved
by 20 to 32 blows of the rammer).

13.5.1.1.5 Pass the mixed soil through a 20 mm test sieve to break down particle aggregations and
take a 1.5 kg £20 g specimen of the sieved soil.

13.5.1.1.6 Carry out the procedure described in 13.4.1.3 to 13.4.1.9.

NOTE

A 1.5 kg specimen is normally used. Occasionally, reduced sizes of specimen may be used to produce a
suitable range of MCVs at reduced water contents. When the mass of the specimen is other than .1.5 kg, the
mass used should be clearly stated in the results.

13.5.1.1.7 Remove the mould from the apparatus and take off its base. Extract the specimen from the
mould and place it on the tray. Take a representative specimen and determine its water content, w, as
described in BCDC 13 (1864)/BS EN ISO 17892-1.

13.5.1.1.8 Break up the remainder of the specimen and mix with the remainder of the original sample.
Add a suitable increment of water and mix thoroughly into the specimen.

13.5.1.1.9 Repeat 13.5.1.1.5 to 13.5.1.1.8 for each increment of water added. Make at least four
determinations. The range of water contents shall be such that the range of MCVs is approximately 3
to 14.

13.5.1.2 Soils susceptible to crushing during compaction

13.5.1.2.1 Take four or more specimens of approximately 2.5 kg of air-dried soil. Mix each specimen
thoroughly with a different amount of water to give a suitable range of water contents.

NOTE

The range of water contents should be such that the range of MCVs is approximately 3 to 14.

13.5.1.2.2 Prepare and test each specimen as described in 13.5.1.1.2, 13.5.1.1.3, 13.5.1.1.6 and
135.1.1.7.

13.5.1.2.3 Discard the remainder of each soil specimen.
13.5.2 Calculations and expression of results

Determine the MCV of each specimen and express the result as described in .13.4.2.

Plot the content of each specimen against the MCV for the specimen and draw the best straight line
through the points.

NOTE

In some instances, a straight-line relationship can be obtained only by ignoring the point or points at the lowest
values of water content. The moisture condition test can be considered applicable to a soil only if a relation
showing an increase in MCV with decreasing water content over the expected range of natural water contents
is obtained. With stiffer clays, a concave upwards curve is often produced instead of a straight line (assuming
that water content is plotted on the vertical axis and MCV on the horizontal axis). This is probably caused by
variation in the degree to which the clay structure is broken down in the preparation of the samples at different
water contents. In certain circumstances it might be that a non-linear curve is more appropriate as a moisture
condition calibration, e.g. as representative of variations in on-site conditions during earthwork construction.
A straight-line calibration is likely to be achieved if it is thoroughly mixed prior to testing or by initially raising
the water content of the soil to a high value (low MCV) before air drying.

13.5.3 Test report

The test report shall affirm that the test was carried out in accordance with .13.5. and shall contain the:
a) method of test;

b) plot of experimental points showing the relationship between water content and MCV, with the line
of best fit;

c) specimen preparation procedure and whether one specimen or separate specimens were used;
d) proportion by dry mass of particles larger than 20 mm removed from the initial sample; and
e) information required by BCDC 13 (2045), 10.1.
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13.6 Rapid assessment of whether a soil is stronger than a precalibrated standard

COMMENTARY ON 13.6

Where the required standard in terms of MCV has been previously determined, the following procedure
is an alternative to that described in 13.4 for a rapid assessment of the condition of a soil, e.g. as to its
suitability for use in earthwork construction. However, although more rapid than the procedure for
determining MCV given in 13.4, it does not determine the degree to which the soil exceeds or fails the
precalibrated standard.

13.6.1 Procedure

13.6.1.1 Pass the soil through a 20 mm test sieve, break down particle aggregations, as necessary and
remove only individual particles coarser than 20 mm. Weigh the removed material to 1 g.

13.6.1.2 Take a representative specimen of material passing the 20 mm test sieve for determination of
the water content, as described in BCDC 13 (1864)/BS EN I1SO 17892-1.

13.6.1.3 Take a 1.5 kg £20 g specimen of soil passing the 20 mm test sieve. The aggregations of soll
placed in the mould need not be broken down any further after passing through the 20 mm sieve. Place
the soil as loosely as possible in the clean, dry mould (the soil can be pushed into the mould if
necessary) and place a separating disc on top of the soil (see Note to 13.4.1.3).

13.6.1.4 Locate the mould in the recess on the base of the apparatus and adjust the automatic counter
to zero.

13.6.1.5 Hold the rammer steady and remove the retaining pin. Lower the rammer gently onto the
separating disc and allow it to penetrate into the mould under its own weight until it comes to rest. Set
the height of drop at (250 +5) mm.

13.6.1.6 Apply one blow of the rammer to the specimen by raising the rammer until it is released by the
automatic catch.

13.6.1.7 Reset the height of drop to 250 mm.

13.6.1.8 Apply further blows, resetting the height of drop, as necessary, until the total number of blows
is equal to that of the MCV equivalent to the precalibrated standard. Measure the penetration of the
rammer into the mould, or the length of rammer protruding from the mould, to 0.1 mm.

13.6.1.9 Apply further blows equal to three times the initial number, without any further adjustment to
the height of drop of the rammer. Measure the penetration or protrusion of the rammer as in 13.6.1.8.

13.6.1.10 Remove the mould from the apparatus, take off its base, and extract the specimen.
13.6.2 Calculations and expression of results

Calculate the difference between the initial and final penetration readings. A difference of more than

5.0 mm indicates that the soil is stronger than the precalibrated standard; a difference of less than 5.0
mm indicates that it is weaker.

Report the difference to two significant figures.
13.6.3 Test report

The test report shall affirm that the test was carried out in accordance with 13.6 and shall contain the:
a) method of test used;
b) difference determined in 13.6.2;

c) soil reported as stronger than the precalibrated standard if that difference is greater than 5 mm, and
weaker if less than 5 mm;

d) proportion by dry mass of particles larger than 20 mm removed from the initial sample; and
e) information required by BS 1377-1:2016, 10.1.

14 Determination of chalk crushing value (CCV)

COMMENTARY ON CLAUSE 14

The chalk crushing value (CCV) is determined by using the chalk impact crushing test, which measures
the rate at which a specimen of chalk lumps crushes under impact from a free-falling rammer. The chalk
crushing value can be used, together with the saturation water content of the intact chalk lumps (see
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4.2) to classify chalk in relation to its behaviour as a freshly placed JW material.

The test procedure is described for a single specimen of chalk lumps, but normal procedure should be
to calculate the mean value derived from six such tests on representative specimens.

14.1 General

The requirements of BCDC 13 (2045). where appropriate, shall apply to this test method.

14.2 Apparatus

Moisture condition apparatus complete with accessories, as described in 13.2 and shown in Figure 8.
14.2.1 Balance of 2 kg, capacity readable to 1 g.

14.2.2 Hammer, e.g. a 2 Ib club hammer.

14.2.3 Test sieves, of aperture sizes 20 mm and 10 mm, and receiver.

14.2.4 Metal tray, with sides approximately 80 mm deep.

14.2.5 Apparatus for extracting specimens from the mould (optional).

14.3 Checking the moisture condition apparatus

Before and after a series of tests, check the apparatus and if necessary, adjust it, as described in 13.3.
NOTE
The Note to 13.3. is not relevant to Clause 14,

14.4 Determination of the chalk crushing value (CCV)
14.4.1 Procedure

14.4.1.1 Take a 1 kg £20 g specimen of the material passing the 20 mm test sieve and retained on the
10 mm test sieve. Determine the percentage of material retained on the 10 mm test sieve from a
specimen of appropriate size. Break up lumps of chalk larger than 20 mm using the hammer to provide
enough material for the test specimen. Take care to exclude coagulated lumps of chalk fines, fragments
of flint and any other non-chalk material. Oven-dried chalk shall not be used.

NOTE

It has been demonstrated experimentally that the chalk crushing value is practically independent of the degree
of saturation of the chalk lumps. For this reason, the condition of the chalk tested is not specified.

14.4.1.2 Place the specimen loosely in the clean, dry mould and place the separating disc on top of the
chalk.

14.4.1.3 With the rammer held in the raised position by the retaining pin, locate the mould on the base
of the apparatus and adjust the automatic counter to zero.

14.4.1.4 Hold the rammer steady and remove the retaining pin. Lower the rammer gently on to the
separating disc and allow it to penetrate into the mould under its own weight until it comes to rest. Set
the height of drop at (250 £5) mm.

14.4.1.5 Apply one blow of the rammer to the specimen by raising the rammer until it is released by the
automatic catch. Measure the penetration of the rammer into the mould, or the length of rammer
protruding from the mould, to 0.1 mm.

NOTE

The penetration of the rammer into the mould can be read on the scale on the side of the rammer with the aid
of a vernier placed on the clean top edge of the mould. Alternatively, the length of rammer above the top edge
of the mould can be read using a depth gauge. This latter method has the advantage that the test is more
easily performed by one operator. When using the depth gauge method, results should be plotted on the chart
shown on Figure A.1, using a reversed scale on the y-axis.

14.4.1.6 Reset the height of drop to 250 mm.

14.4.1.7 Repeat 14.4.1.5 and 14.4.1.6, taking readings of penetration or protrusion after selected
accumulated numbers of blows and resetting the height of drop to 250 mm, as necessary.

14.4.1.8 The test shall be deemed to be complete when water starts to ooze from the base of the mould,
or no further penetration occurs, or a maximum of 50 blows is reached.
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14.4.1.9 Carefully raise the rammer and insert the retaining pin.

14.4.1.10 Remove the mould from the apparatus, take off the base and extract the crushed chalk.
14.4.2 Calculations and expression of results

COMMENTARY ON 14.4.2

See Figure A.2 for an example of a recording form.

14.4.2.1 Plot the penetration or protrusion of the rammer (in mm) on a linear scale against the number
of blows on a logarithmic scale.

14.4.2.2 The greater part of the relation should form a straight line, the slope of which represents the
rate at which the chalk was crushed. Take the chalk crushing value (CCV) as one-tenth of the slope of
the straight line, using the formula:

v UL

00 W —T"FT+F 7~
p T £ Q@ £ Qw

where:

0 is the penetration (or protrusion) (in mm) after a blow of the rammer, as read from the straight
line; and

0 is the penetration (or protrusion) (in mm) after b blows of the rammer, as read from the straight
line.
14.4.2.3 Express the CCV as a positive number to 0.1%.

NOTE
For ease of calculation, use integer values of a and b such that a = 10b (e.g. a =20, b = 2; or a = 30, b= 3).
In these cases, log a-logb =1 and
0 0
p Tt
14.4.3 Test report

The test report shall affirm that the test was carried out in accordance with 14.4 and shall contain:
a) method of test used;

b) chalk crushing value (CCV);

c) plot of penetration against logarithm of the number of blows, if required;

d) percentage of material in the original sample retained on a 10 mm test sieve;

e) saturation water content of the material, where appropriate; and

f) information required by BCDC 13 (2045), 10.1.

0606w

15 Determination of the California Bearing Ratio (CBR)

COMMENTARY ON 15

This method covers the laboratory determination of the California Bearing Ration (CBR) of a compacted
or undisturbed sample of soil. The principle is to determine the relationship between force and
penetration when a cylindrical plunger of a standard cross-sectional area is made to penetrate the soil
at a given rate. At certain values of penetration, the ratio of the applied force to a standard force,
expressed as a percentage, is defined as the California Bearing Ratio (CBR).

The procedure for soaking the specimen, if required, is included.

An in-situ test following the same principle can also be carried out. (See BS 1377-9.)
15.1 General

15.1.1 Limitations

The requirements of BCDC 13 (2045), where appropriate, shall apply to the test methods described in
this clause.

Because of the size of the sample and of the plunger, the materials to test shall have a maximum
particle size not exceeding 20 mm (see 15.2.1.1).

15.1.2 Test conditions
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The following test conditions shall be specified before a test is started.

a) The method of preparation of each test specimen;

b) The density and water content to be achieved, if applicable;

c) Whether the test is to he carried out on one end or on both ends of the specimen;

d) Whether a test is required on the specimen in the soaked condition; and

e) The amount of surcharge to be applied to the specimen for the test, and during soaking if applicable.

15.2 Preparation of test sample
15.2.1 General

COMMENTARY ON 15.2.1

Six methods are described for the preparation of disturbed samples for the CBR test. In methods (1)
and (2) static compaction is used to achieve a specified density (see 15.2.3.2 and 15.2.3.3). In the other
methods, dynamic compaction by hand or mechanical rammer, or by vibrating hammer, is used, either
to achieve a specified density in methods (3) and (4) (see 15.2.4.2 and 15.2.4.3) or to provide a specified
compactive effort in methods (5) and (6) (see 15.2.4.4 and 15.2.4.5), The selection of methods is
illustrated in the form of a flow chart in Figure 11.

When applying a standard compactive effort the compactive procedures described in 11.4.4, 11.6.4 or
11.7.5 can be used, as appropriate. Alternatively, the criterion adopted can be some intermediate
degree of compaction.

The preparation of an undisturbed sample for a laboratory CBR test (whether of natural soil or
compacted fill) is described in 15.2.5.

CBR test samples

Remoulded Undisturbed
Static Dynamic
compression compaction
Specified Specified Specified
density density effort
Tamping Equal layers Hand Mechanical Vibrating Hand Mechanical
rammer rammer hammer rammer rammer
(1) 15232 (2 15233 (#) 15.2.43
'light' ‘heavy' ‘light’ ‘heavy’ Vibrating
compaction compaction compaction compaction hammer
[@ 15242] [ 15.2.44] (6) 15245

Figure 11 Flow chart representing specimen preparation methods for the CBR test
15.2.1.1 Material

The CBR test shall he carried out on material passing the 20 mm test sieve prepared as described in
BCDC 13 (2045), 8.6.5. If the soil contains patrticles larger than this the fraction retained on the 20 mm
test sieve shall be removed and weighed before preparing the test sample. If this fraction is greater
than 25 % the test is not applicable. The water content of the soil shall be chosen to represent the
design conditions for which the test results are required. Alternatively, where a range of water contents
is to be investigated, water shall be added to or removed from the natural soil after disaggregation.

15.2.1.2 Initial preparation

The initial soil sample for testing shall be obtained as described in BCDC 13 (2045), 8.6.1 and 8.6.5.
After bringing it to the required water content the soil shall be thoroughly mixed and shall normally be
sealed and stored for at least 24 h before compaction into the test mould.

NOTE
With cohesionless soils it may be possible to reduce or omit the curing period if trial tests indicate that this
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has negligible influence on the results.

The mass of soil required for the test shall he calculated or estimated as described in 15.2.1.3 and
depends upon the specified conditions and method of preparation.

15.2.1.3 Mass of soil for test
15.2.1.3.1 General

When the density or air voids content of a compacted specimen is specified the exact amount of soil
required for the test can be calculated as described in 15.2.1.3.2 or 15.2.1.3.3. When a compactive
effort is specified the mass of soil can only be estimated, as described in 15.2.1.3.4.

15.2.1.3.2 Dry density specification

The mass of soil, m; (in g), required to just fill the CBR mould is given by the formula:

W o
P pmmy

where

Vi is the volume of the mould (in cm3)

0 is the water content of the soil (in %); and

is the specified dry density (in  Mg/m3).
15.2.1.3.3 Air voids specification

The dry density, zm (in Mg/m?), corresponding to an air voids content of T (in %) is given by the formula:

@ is the air voids expressed. as a percentage of the total volume of soil;

is the particle density (in Mg/m3);

0 is the soil water content (in %);

” is the density of water (in Mg/m3), assumed equal to 1.

The corresponding mass of soil to just fill the CBR mould is calculated from the equation in 7.2.1.4.2.

15.2.1.3.4 Compactive effort specification

About 6 kg of soil shall be prepared for each sample to be tested. The initial mass shall be measured
to the nearest 5 g so that the mass used for the test sample can be determined after compaction by
difference, as a check.

NOTE
Preliminary trials may be necessary to ascertain the required mass more closely.

15.2.2 Apparatus
15.2.2.1 Test sieves, of aperture sizes 20 mm and 5 mm.

15.2.2.2 Cylindrical, corrosion-resistant, metal mould, i.e. the CBR mould, having a nominal internal
diameter of (152 + 0.5) mm. The mould shall be fitted with a detachable baseplate and a removable
extension. The essential dimensions are shown in Figure 12 and Figure 13, which also indicate one
suitable design of mould. The internal faces shall be smooth, clean and dry before each use.
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Dimensions in millimetres
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NOTE
See BCDC 13 (2045), 5.1.3.1.
Figure 12 Cylindrical mould for the determination of the CBR

Dimensions in millimetres
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$150 +0.5*

NOTE
See BCDC 13 (2045), 5.1.3.1.
Figure 13 Plug and collar extension for use with cylindrical mould for the determination of the CBR

15.2.2.3 Compression device for static compaction, [for methods (1) and (2)]. Horizontal platens shall
be large enough to cover a 150 mm diameter circle and capable of a separation of not less than 300
mm. The device shall be capable of applying a force of at least 300 kN.

15.2.2.4 Metal plugs, (150 = 0.5) mm in diameter and (50 +1.0) mm thick for static compaction of a soil
specimen [for methods (1) and (2)]. A handle which may be screwed into the plugs facilitates removal
after compaction. The essential dimensions are shown in Figure 13. One is required for method (1) and
three are required for method (2).

15.2.2.5 Metal rammer, [for methods (3) and (5)]. These shall be either the 2.5 kg rammer as specified
in 11.3.2, or the 4.5 kg rammer as specified in 11.5.2, depending on the degree of compaction required.
A mechanical compacting apparatus may be used provided that it complies with 11.3.2 or 11.5.2.

15.2.2.6 Electric, vibrating hammer and tamper, as specified in 11.7.2.2 and 11.7.2.3 [for methods (4)
and (6)].

15.2.2.7 Steel rod, approximately 16 mm in diameter and 600 mm long.

15.2.2.8 Steel straightedge, e.g. a steel strip about 300 mm long, 25 mm wide and 3 mm thick, with one
bevelled edge.

15.2.2.9 Spatula.
15.2.2.10 Balance, capable of weighing up to 25 kg readable to 5 g.

15.2.2.11 Apparatus for water content determination, as described in BCDC 13 (1864)/BS EN ISO
17892-1.

15.2.2.12 Filter papers, low ash filter paper, 150 mm diameter.
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15.2.3 Specimen preparation. by static compression
15.2.3.1 General

15.2.3.1.1 Static compression shall be carried out by one of the methods described in 15.2.3.2 and
15.2.3.3 (methods (1) and (2) respectively). Initial preparation of the mould shall be as described in
15.2.3.1.1t0 15.2.3.1.4.

Weigh the mould with baseplate attached to the nearest 5 g (my).
15.2.3.1.2 Measure the internal dimensions to 0.5 mm.
15.2.3.1.3 Attach the extension collar to the mould and cover the baseplate with a filter paper.

15.2.3.1.4 Measure the depth of the collar, as fitted and the thickness of the spacer plug or plugs, to
0.1 mm.

15.2.3.2 Method (1). Compression with tamping

15.2.3.2.1 Pour the weighed soil slowly into the mould while tamping it with the steel rod. Avoid.
segregation of particle sizes and ensure that the largest particles are uniformly distributed within the
mould.

15.2.3.2.2 When all the soil is added, level off its surface, which should then be about 5 mm to 10 mm
above the top of the mould body if the correct amount of tamping has been applied.

15.2.3.2.3 Place a filter paper on the soil surface, followed by the 50 mm thick spacer plug.

15.2.3.2.4 Place the mould assembly in the compression device and apply a load to the sample until
the top of the plug is flush with the collar. Hold the load constant for at least 30 s.

15.2.3.2.5 Release the load. If rebound occurs reapply the load for a longer period.
15.2.3.2.6 Remove the spacer plug, filter paper and collar.
15.2.3.2.7 Weigh the mould, soil and baseplate to the nearest 5 g (ms).

15.2.3.2.8 Unless the sample is to be tested immediately, seal the sample (by screwing on the top plate
if appropriate) to prevent loss of water. With clay soils, or soils in which the air content is less than 5 %,
allow the sample to stand for at least 24 h before testing to enable excess pore pressures owing to
compression to dissipate.

15.2.3.3 Method (2). Compression in layers

15.2.3.3.1 Divide the prepared quantity of soil into three portions equal to within 50 g and seal each
portion in an airtight container until required for use, to prevent loss of water.

15.2.3.3.2 Place one portion of soil in the mould and level the surface.

15.2.3.3.3 Place the three spacer plugs on top of the soil and compress the soil using the compression
device until the thickness of the soil, after removal of the load, is about one-third of the depth of the
mould.

NOTE

The correct level of the soil surface can be ascertained easily if the corresponding projection of the top spacer
plug above the top of the collar is determined and recorded in advance.

15.2.3.3.4 Repeat 15.2.3.3.2 and 15.2.3.3.3 using two plugs and then one plug. During the last
operation compress the soil until the top surface of the plug is level with the top of the collar.

15.2.3.3.5 Weigh the mould, soil and baseplate to the nearest 5 g (ms).
15.2.3.3.6 Seal and store the sample as described in 15.2.3.2.8.
15.2.4 Specimen preparation by dynamic compaction

15.2.4.1 General.

Dynamic compaction shall be carried out by one of the methods described in 15.2.4.2 to 15.2.4.5
[methods (3) to (6) respectively].

Initial preparation of the mould shall be as described in 15.2.3.1.

15.2.4.2 Method (3). Rammer compaction. to a specified density
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15.2.4.2.1 Divide the prepared quantity of soil into five portions equal to within 50 g and seal each
portion in an air tight container until required for use, to prevent loss of water.

15.2.4.2.2 Stand the mould assembly on. a solid base, e.g. a concrete floor or plinth.

15.2.4.2.3 Place the first portion of soil into the mould and compact it using either the 2.5 kg rammer or
the 4.5 kg rammer, until the layer occupies about one-fifth of the height of the mould. Ensure that the
blows at evenly distributed over the surface.

NOTE
Alternatively, the mechanical compacting apparatus maybe used.

15.2.4.2.4 Repeat 15.2.4.2.3 using the other four portions of soil in tum, so that the final level of the fifth
layer is just above the top of the mould.

NOTE
Preliminary trials might be necessary to judge the amount of compaction needed for each layer.

15.2.4.2.5 Remove the collar and trim the soil flush with the top of the mould with the scraper, checking
with the steel straightedge.

15.2.4.2.6 Weigh the mould, soil and baseplate to the nearest 5 g (ms).
15.2.4.2.7 Seal and store the specimen as described in 15.2.3.2.8.
15.2.4.3 Method (4). Vibrating compaction to a specified density (suitable for coarse soils)

15.2.4.3.1 Divide the prepared quantity of soil into three portions equal to within. 50 g and seal each
portion in an airtight container until required for use, to prevent loss of water.

15.2.4.3.2 Stand the mould assembly on a solid base e.g. a concrete floor or plinth.

15.2.4.3.3 Place the first portion of soil into the mould and compact it using the vibrating hammer as
described in 11.7.5.1.4. Continue the compaction until the thickness of the layer is about one-third of
the height of the mould.

15.2.4.3.4 Repeat 15.2.4.3.3 using the other two portions of soil in turn, so that the final level of the third
layer is just above the top of the mould. (See note to 15.2.4.2.4.)

15.2.4.3.5 Remove the collar and trim the soil flush with the top of the mould with the scraper, checking
with the steel straightedge.

15.2.4.3.6 Weigh the mould soil and baseplate to the nearest 5 g (ms).
15.2.4.3.7 Seal and store the specimen as in 15.2.3.2.8.
15.2.4.4 Method (5). Rammer compaction with specified effort

15.2.4.4.1 The specified effort of compaction shall correspond to the 2.5 kg rammer method (see 11.4)
or to the 4.5 kg rammer method (see 11.6) or to an intermediate value (see Note). When the 2.5 kg
rammer method is used the procedure is as described. When the 4.5 kg rammer method or the
intermediate compaction effort is used the procedure is similar except that the soil is placed and
compacted in five layers instead of three (as shown in brackets and marked* in 15.2.4.4.2 t0 15.2.4.4.5).

NOTE

In certain circumstances, it is required to obtain an intermediate density between that given by the 2.5 kg
rammer method and the 4.5 kg rammer method at a given water content. This can be obtained by using an
intermediate compactive effort between these two levels of compaction.To reduce the variations in
compactive effort to a minimum, it is suggested that this intermediate effort should be obtained by compacting
the specimen in five equal layers, giving each layer 30 blows of a 4.5 kg rammer falling through 450 mm.

15.2.4.4.2 Divide the prepared quantity of soil into three (five*) portions equal to within 50 g and seal
each portion in an airtight container until required for use, to prevent loss of water.

15.2.4.4.3 Stand the mould assembly on a solid base, e.g. a concrete floor or plinth

15.2.4.4.4 Place the first portion of soil into the mould and compact it, so that after 62 blows of the
appropriate rammer the layer occupies about or a little more than one-third (one-fifth*) of the height of
the mould. Ensure that the blows are evenly distributed over the surface.

NOTE
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Alternatively, the mechanical compacting apparatus may be used.

15.2.4.4.5 Repeat 15.2.4.4.4 using the other two (four*) portions of soil in turn, so that the final level of
the soil surface is not more than 6 mm above the top of the mould body.

NOTE
Preliminary trials may be necessary to judge the amount of soil required for each layer.

15.2.4.4.6 Remove the collar and trim the soil flush with the top of the mould with the scraper, checking
with the steel straightedge.

15.2.4.4.7 Weigh the mould, soil and baseplate to the nearest 5 g (ms).
15.2.4.4.8 Seal and store the specimen as described in 15.2.3.2.8.
15.2.4.5 Method (6). Vibrating compaction with specified effort (suitable for coarse soils)

15.2.4.5.1 Divide the prepared quantity of soil into three portions equal to within 50 g and seal each
portion in an airtight container until required for use, to prevent loss of water.

15.2.4.5.2 Stand the mould assembly on a solid base, e.g. a concrete floor or plinth.

15.2.4.5.3 Place the first portion of soil into the mould and compact it using the vibrating hammer fitted
with the circular steel tamper. Compact for a period of (60 + 2) s, applying a total downward force on
the sample of between 300 N and 400 N (see 11.7.3.4, Note to 11.7.3.3.2, and Note t0 11.7.5.1.4). The
compacted thickness of the layer shall be approximately equal to or a little greater than one-third of the
height of the mould.

15.2.4.5.4 Repeat 15.2.4.5.3 using the other two portions of soil in turn, so that the final level of the soil
surface is not more than 6 mm above the top of the mould (See note to 15.2.4.4.5)

15.2.4.5.5 Remove the collar and trim the soil flush with the top of the mould with the scraper, checking
with the steel straightedge.

15.2.4.5.6 Weigh the mould, soil and baseplate to the nearest 5 g (ms).
15.2.4.5.7 Seal and store the specimen as described in 15.2.3.2.8.
15.2.5 Preparation of undisturbed specimen

Take an undisturbed sample from natural soil or from compacted fill by the procedure described in BS
1377-9:1990, 2.4, using a weighed CBR mould fitted with a cutting shoe.

After removing the cutting shoe from the mould, cut and trim the ends of the sample so that they are
flush with the ends of the mould body. Fill any cavities with fine soil, well pressed in.

Attach the baseplate and weigh the sample in the mould to the nearest 5 g (ms), Unless the specimen
is to be tested immediately, seal the exposed face with a plate or an impervious sheet to prevent loss
of water.

15.3 Soaking

15.3.1 General

If soaking is specified it shall be carried out as described in 15.3.3.1 to 15.3.3.13.
15.3.2 Apparatus

15.3.2.1 Apparatus in accordance with 15.2.2.

15.3.2.2 Perforated baseplate, fitted to the CBR mould in place of the normal baseplate (see Figure
12).

15.3.2.3 Perforated swell plate, with an adjustable stem to provide a seating for the stem of a
deformation indicator (see Figure 14.).

15.3.2.4 Tripod, mounting to support the deformation indicator.

NOTE
A suitable assembly is shown in Figure 14.
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Figure 14 Apparatus for measuring the swelling of a specimen during soaking for the CBR test
15.3.2.5 Deformation indicator, having a travel of 25 mm and reading to 0.01 mm.

15.3.2.6 Soaking tank, large enough to allow the CBR mould with baseplate to be submerged,
preferably supported on an open mesh platform.

15.3.2.7 Annular surcharge discs, each having a mass known to 50 g, an internal diameter of 52 mm
to 54 mm and an external diameter of 145 mm to 150 mm.

NOTE

Alternatively, half-circular segments may be used.

15.3.2.8 Silicone grease or petroleum jelly.

15.3.3 Soaking procedure

15.3.3.1 Remove the baseplate from the mould and replace it with the perforated baseplate.

15.3.3.2 Fit the collar to the other end of the mould, packing the screw threads with petroleum jelly to
obtain a watertight joint.

15.3.3.3 Place the mould assembly in the empty soaking tank. Place a filter paper on top of the
specimen, followed by the perforated swell plate. Fit the required number of annular surcharge discs
around the stem on the perforated plate.

NOTE

One surcharge disc of 2 kg simulates the effect of approximately 70 mm of superimposed construction on the
formation being tested. However, the exact amount of surcharge is not critical. Surcharge discs of any
convenient multiples may be used.

15.3.3.4 Mount the deformation indicator support on top of the extension collar, secure the deformation
indicator in place and adjust the stem on the perforated plate to give a convenient zero reading (see
Figure 14)

15.3.3.5 Fill the immersion tank with water to just below the top of the mould extension collar. Start the
timer when the water has just covered the baseplate.

15.3.3.6 Record readings of the deformation indicator at suitable intervals of time, depending on
the rate of movement.
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If the deformation indicator regresses due to settlement this shall be recorded as a negative swell
andmeasurements continued as normal.

15.3.3.7 Record the time taken for water to appear at the top of the specimen. (This might not
necessarily indicate the end of the swelling stage.) If this has not occurred within three days, flood the
top of the specimen and leave to soak for a further day, giving the normal soaking period of four days.

NOTE
A longer period might be necessary to allow swelling to reach completion.

15.3.3.8 Plot a graph of swelling (as indicated by the deformation indicator movement) against elapsed
time or square-root time.

NOTE
Flattening of the curve indicates when swelling is substantially complete.

15.3.3.9 Take off the deformation indicator and its support, remove the mould assembly from the
immersiontank and allow the specimen to drain for 15 min. If the tank is fitted with a mesh platform
leave themould there to drain after emptying the tank.

15.3.3.10 Remove the surcharge discs, perforated plate and extension collar. Remove the perforated
baseplate and refit the original baseplate.

NOTE

Care should be taken when replacing the original baseplate, where the sample has swelled. Any baseplate
placed on the top of the sample to enable inversion should be loosely applied to ensure compaction does not
occur.

15.3.3.11 Weigh the specimen with mould and baseplate to the nearest 5 g if the density after soaking
is required.

15.3.3.12 If the specimen has swollen, trim it level with the end of the mould and reweigh.
15.3.3.13 The specimen is then ready for test in the soaked condition.
15.4 Penetration test procedure

COMMENTARY ON 15.4

This subclause describes the procedure for determining the CBR value of the sample prepared by one
of the methods described in 15.2, (whether or not it has been soaked as described in 15.3).

15.4.1 Apparatus

15.4.1.1 Cylindrical metal plunger, the lower end of which shall be of hardened steel and have a nominal
cross-sectional area of 1935 mm?2, corresponding to a specified diameter of (49.65 + 0.10) mm. A
cylindrical metal plunger approximately 250 mm long is suitable (see Figure 15).
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Dimensions in millimetres
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NOTE

This design has been found satisfactory but alternative designs may be used provided that the essential
requirements are fulfilled. See BCDC 13 (2045), 5.1.3.1.

Figure 15 General arrangement of apparatus for the CBR test

15.4.1.2 Machine for applying the test force through the plunger, having a means for applying the force
at a controlled rate. The machine shall be capable of applying at least 45 kN. The unloaded machine
approach speed shall be (1.2 £0.2) mm/min.

15.4.1.3 Calibrated force-measuring device, conforming to BCDC 13 (2045), 5.2.1.6. The device shall
be supported by the crosshead of the compression machine so as to prevent its own weight being
transferred to the test specimen.

NOTE

At least three force-measuring devices should be available, having the following ranges.

a) Oto 2 kN readable to 2 N for values of CBR up to 8 %

b) 0to 10 kN readable to 10 N for values of CBR from 8 % to 40%

c) 0to 50 kN readable to 50 N for values of CBR above 40 %

15.4.1.4 Means of measuring the penetration of the plunger into the specimen, to within 0.01 mm, such
as a deformation indicator or a digital micrometer. The measuring device shall have a travel of at least
20 mm, reading to 0.01 mm or better and fitted to a bracket attached to the plunger. A general
arrangement is shown in Figure 15.

NOTE

A deformation indicator indicating 1 mm/r is convenient as a nominal rate of penetration of 1. mm/min can be
conveniently controlled by keeping the hand of the deformation indicator in step with the second hand of a
clock or watch.
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15.4.1.5 Stopclock or stopwatch readable to 1 s.
15.4.1.6 CBR mould as described in 15.2.2.2.
15.4.1.7 Surcharge discs as described in 15.3.2.7.
15.4.2 Procedure

15.4.2.1 Place the mould with baseplate containing the specimen, with the top face of the specimen
exposed, centrally on the lower platen of the testing machine.

15.4.2.2 Place the appropriate annular surcharge discs on top of the specimen.

15.4.2.3 Fit into place the cylindrical plunger and force-measuring device assembly with the face of the
plunger resting on the surface of the specimen.

15.4.2.4 Apply a seating force to the plunger, depending on the expected CBR value, as follows.

a) For CBR value up to 5 % apply 10 N
b) For CBR value from 5 % to 30 %, apply 50 N; and
c) For CBR value above 30 % apply 250 N

15.4.2.5 Record the reading of the force-measuring device as the initial zero reading (because the
seating force is not taken into account during the test) or reset the force-measuring device to read zero.

15.4.2.6 Secure the penetration deformation indicator in position. Record its initial zero reading, or reset
it to read zero.

15.4.2.7 Start the test so that the plunger penetrates the specimen at a uniform rate of 1 mm/min and
at the same instant start the timer.

15.4.2.8 Record readings of the force gauge at intervals of penetration of 0.25 mm, to a total penetration
not exceeding 7.5 mm.

NOTE

If the operator plots the force penetration curve as the test is being carried out, the test can be terminated
when the indicated CBR value falls below its maximum value. Thus if the CBR at 2.5 mm were seen to be 6
% but by 3.5 mm penetration it could be seen to have fallen below 6 %, the test could be stopped and the
result reported as:

CBR at 2.5 mm penetration = 6 %

CBR at 5.0 mm penetration=< 6 %
15.4.2.9 If no further test is to be made on the specimen, proceed to 15.4.2.14.

15.4.2.10 If a test is to be carried out on both ends of the specimen, raise the plunger and level the
surface of the specimen by filling in the depression left by the plunger and cutting away any projecting
material. Check for flatness with the straightedge.

15.4.2.11 Remove the baseplate from the lower end of the mould, fit it securely on the top end and
invert the mould. Trim the exposed surface if necessary.

15.4.2.12 If the specimen is to be soaked before carrying out a test on the base follow the procedure
described in 15.3.3 and then proceed to 15.4.2.13.

15.4.2.13 Carry out the test on the base by repeating 15.4.2.1 to 15.4.2.9.

15.4.2.14 After completing the penetration test or tests, determine the water content of the test
specimen as follows.

a) For afine soil containing no gravel-sized particles, take a specimen of about 350 g from immediately
below each penetrated surface, but do not include filling material used to make up the first end
tested. Determine the water content of each specimen as described in BS EN ISO 17892-1; and

NOTE

If the sample has been soaked the water content after soaking will generally exceed the initial water content.
Because of the possibility of moisture gradients the determination of dry density from the water content after
soaking may have little significance. If required, the dry density after soaking can be calculated from the initial
sample mass and water content and the measured increase in height due to swelling.

b) For a coarse soil or a fine soil containing gravel-sized particles, extrude the sample, break in half
and determine the water contents of the upper and lower halves separately using the procedure
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described in BCDC 13 (1864)/BS EN ISO 17892-1.
15.5 Calculation and plotting
15.5.1 Force-penetration curve

15.5.1.1 Calculate the force applied to the plunger from each reading of the force-measuring device
observed during the penetration test

NOTE

Alternatively, readings of the force-measuring device may be plotted directly against penetration readings.
Forces are then calculated only at the appropriate penetration values as in 15.5.2 (after correction if
necessary).

15.5.1.2 Plot each value of force as ordinate against the corresponding penetration as abscissa and
draw a smooth curve through the points.

15.5.1.2.1 The normal type of curve is convex upwards as shown by the curve labelled test 1 in Figure
16 and needs no correction.

15.5.1.2.2 If the initial part of the curve is concave upwards as for test 2 (curve OST) in Figure 16, the
following correction is necessary. Draw a tangent at the point of greatest slope, i.e. the point of inflexion,
S, and produce it to intersect the penetration axis at Q. The corrected curve is represented by QST,
with its origin at Q from which a new penetration scale can be marked.

15.5.1.2.3 If the graph continues to curve upwards as for test 3 in Figure 16 and it is considered that
the penetration of the plunger is increasing the soil density and therefore its strength, the above
correction is not applicable.
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Figure 16 Typical CBR test result curves (see 15.5.1.2)
15.5.2 Calculation of California Bearing Ratio.

COMMENTARY ON 15.5.2

The standard force-penetration curve corresponding to a CBR value of 100% is shown in Figure 17,
and forces corresponding to this curve are given in Table 5. The CBR value obtained from a test is the
force read from the test curve (after correction and calculation if necessary) at a given penetration
expressed as a percentage of the force corresponding to the same penetration on the standard curve.
Curves representing a range of CBR values are included in Figure 17.

Penetrations of 2.5 mm and 5 mm are used for calculating the CBR value. From the test curve, with
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corrected penetration scale if appropriate, read off the forces corresponding to 2.5 mm and 5 mm
penetration. Express these as a percentage of the standard forces at these penetrations, i.e. 13.2 kN

and 20 kN respectively. Take the higher percentage as the CBR value.

If the force-penetration curve is plotted on a diagram similar to Figure 17, the CBR value at each
penetration can be read directly without further computation if the correction described in 15.5.1.2 for
test 2 is not required, The same diagram can be used for small forces and low CBR values if both the
force scale (ordinate) and the labelled CBR values (abscissa) are divided by 10 as shown in brackets

in Figure 17.
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Figure 17 Force penetration curves for a CBR value of 100% and other CBR values

Table 5 - Standard force-penetration relationships for 100 % CBR
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Penetration Force

mm

kN

© oo UA NN

115
13.2
17.6
20.0
22.2
26.3

15.5.3 Density calculations

15.5.3.1 Calculate the internal volume of the mould, 1 (in cm?3).
15.5.3.2 Bulk density

The initial bulk density,z (in Mg/m?3), of a specimen compacted with a specified effort [preparation
methods (5) and (6); see 15.2.4.4 and 15.2.4.5], or of an undisturbed specimen, is calculated using the
formula:

a a
)

where

o
a
()

is the mass of soil, mould and baseplate (in g)-;
is the mass of the mould and baseplate (in g);
is the volume of the mould body (in cm3).

15.5.3.3 Dry density

The initial dry density,zm (in Mg/m?3), of the sample is calculated using the formula:

”

pPTT
p T

”

Where
1 is the water content of the soil (in%).
If the dry density,” (in Mg/m3) of the soaked soil is required, calculate it using the formula:

0 @
P p T W
where
A is the area of cross section of the mould (in mm?2)
@ is the increase in sample height after swelling (in mm).

15.6 Test report

The test report shall affirm that the test was carried out in accordance with Clause 15. The results of
tests on the top and bottom ends of the specimen shall be indicated separately.

The test report shall include:

a)
b)
c)

d)
e)

)

)

h)

59

method of test used,;
force-penetration curves, showing corrections if appropriate;

the California Bearing Ratio (CBR) values, to 0.1%. If the results from each end of the sample are
within £10% of the mean value, the average result can be reported;

the initial specimen density and the water content and dry density if required,;
the method of specimen preparation;

the water contents below the plunger at the end of each test, or the final water contents of the two
halves of the specimen;

whether soaked or not, and if so the period of soaking the amount of swell and the swelling-time
curve (if required);

the proportion by dry mass of any over-size material removed from the original soil sample before
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testing;
i) the information required by BCDC 13 (2045), 10.1.

16 Determination of one-dimensional consolidation properties

COMMENTARY ON CLAUSE 16

This method covers the determination of the magnitude and rate of the consolidation of a saturated or
near-saturated specimen of soil (see Note 1) in the form of a disc confined laterally, subjected to vertical
axial pressure and allowed to drain freely from the top and bottom surfaces. The method is concerned
mainly with the primary consolidation phase, but it is also used to determine secondary compression
characteristics.

In this test the soil specimen is loaded axially in increments of applied stress. Each stress increment is
held constant until the primary consolidation has ceased. During this process water drains out of the
specimen, resulting in a decrease in height which is measured at suitable intervals. These
measurements are used for the determination of the relationship between compression (or strain) or
voids ratio and effective stress, and for the calculation of parameters that describe the amount of
compression and the rate at which it takes place.

The method described covers the procedure and technique for consolidation tests on naturally
deposited soils taken undisturbed from the ground in the form of cores or blocks.

Data obtained from this type of consolidation test, if carried out on representative undisturbed samples
of good quality, enable the amount of settlement under a structure to be estimated. Values of the
coefficient of consolidation, ¢y, may also be calculated from which an indication of a theoretical rate of
settlement can be derived. However, the predicted settlement times can be greatly in excess of those
observed in practice and should be treated with caution.

The small size of the specimen used for this test frequently does not adequately represent the fabric
features found in many natural deposits, which collectively dominate the drainage characteristics of the
soil en masse and, therefore, the rate of settlement in situ.

16.1 Test method
The test shall be carried out in accordance with BCDC 13 (1890)/BS EN ISO 17892-5:2017.
16.2 Test results

The tests results shall include both mandatory and optional reporting in accordance with BS EN ISO
17892-5-2017, 8.1 and 8.2, together with the following additional parameters calculated for each load
increment in accordance with BCDC 13 (1890) /BS EN ISO 17892-5-2017, Annex B:

a) coefficient of volume compressibility, my (in m2/MN);
NOTE

The value for the first loading stage only has significance if the initial stress condition of the specimen is
known (e.g. after swell pressure determination). The initial stress condition is not generally 0 kPa.

b) coefficient of vertical consolidation, c, (in m?/year); and
c) coefficient of secondary compression, cy(if required).

17 Determination of swelling and collapse characteristics

COMMENTARY ON CLAUSE 17

The three tests described in this clause use the same apparatus and have the same environmental
requirements as the one-dimensional consolidation test described in Clause 16,

The tests comprise the following:

a) measurement of swelling pressure. For a soil that has a swelling capability when allowed access to
water, the swelling pressure, , , is the vertical pressure on the specimen in an oedometer ring
required to prevent it swelling (zero volume change).

The swelling pressure might be the starting point and might be the finishing point for the series of
pressures applied to a soil of this type in a consolidation test;

b) measurement of swelling (swelling strain). This test enables the swelling characteristics of a
laterally confined specimen to be measured when it is unloaded from the swelling pressure in the
presence of water; and

c) measurement of settlement on saturation. In this test the amount by which an unsaturated, laterally
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confined specimen with a predetermined normal stress, settles due to structural collapse on the
addition of water is determined.

Computer-controlled apparatus might be used instead of the oedometer for all one-dimensional
consolidation, swell pressure and measurement of swelling tests. However, if used, they need to be
calibrated for changes in strain within the apparatus due to changes in load/stress.

17.1 General
The requirements of BS 1377-1, where appropriate, shall apply to this test method.
17.2 Apparatus

17.2.1 The apparatus required for these tests, and its calibration, is specified in BCDC 13 (1890) /BS
EN ISO 17892-5. In addition,17.2.1.1 to 17.2.1.3 are required.

17.2.1.1 For swell pressure, a range of small, calibrated weights for the oedometer beam hanger (if
used), to enable pressures upwards from 2 kPa at intervals of 1 kPa to be applied to the specimen.

17.2.1.2 For the measurement of swelling, a flanged disc of corrosion-resistant metal with flat and
parallel faces, of a diameter approximately 1 mm less than the diameter of the consolidation ring. The
upstand above the flange shall be such as to displace a suitable thickness of specimen from the ring to
give a specimen height of approximately 3 mm to 5 mm less than the height of the ring (for 17.4 only).

17.2.1.3 For measurement of settlement on saturation, damp cloth and waterproof plastic film, for
protecting the specimen from drying out, see 17.5.

17.3 Measurement of swelling pressure
17.3.1 Preparation of specimen

Prepare the test specimen in the consolidation ring by one of the methods described in BCDC 13 (1890)
/BS EN ISO 17892-5:2017,6.2 and weigh the soil and ring as described in BCDC 13 (1890) /BS EN ISO
17892-5:2017, 6.3. If this test is to be followed by a swelling test, the additional procedure described in
17.4.1 shall be followed.

17.3.2 Preparation and assembly of apparatus

The procedure shall be generally as described in BCDC 13 (1890) /BS EN ISO 17892-5. Prepare the
porous plates, as described in BCDC 13 (1890) /BS EN ISO 17892-5:2017, 5.2 depending on the type
of soil.

NOTE

In this stage of testing, water should not be added to the cell.

17.3.3 Test procedure

17.3.3.1 When the specimen is in equilibrium under the small seating load and the deformation gauge
has been set and its reading recorded, add water to fill the consolidation cell. At the same instant start
the timer.

NOTE

An alternative procedure is to allow the specimen to reach equilibrium under a stress equal to the in-situ
vertical effective stress before adding water to the cell.

17.3.3.2 Observe the deformation gauge and when it indicates that swelling occurs, add weights to the
beam hanger to maintain the gauge reading within 0.01 mm of the corrected zero reading. Record the
magnitude of each weight added and the corresponding time.

17.3.3.3 The corrected zero reading is the initial gauge reading adjusted by the correction necessary to
allow for deformation of the apparatus due to the present load on the beam hanger. Obtain the
correction from the calibration curve derived in BCDC 13 (1890) /BS EN ISO 17892-5:2017, A.3.5.

17.3.3.4 Continue to adjust the hanger weight until equilibrium is established with a deformation gauge
reading within £0.01 mm of the relevant corrected zero reading. This procedure could take several
hours or days in some cases and the approach of equilibrium conditions can be seen by plotting a graph
of the cumulative weight on the beam hanger against square root of elapsed time at which each
adjustment was made.

NOTE
If the test has to be left unattended for any length of time before equilibrium is established, further swelling
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should be prevented by loading the hanger with excess weights with the beam resting on its support,
maintaining the compression gauge at the existing corrected zero reading.

17.3.3.5 When equilibrium is established, calculate the pressure,, , (in kPa), applied to the specimen
from the weights on the beam hanger (including the initial seating load).

17.3.3.6 Either increase the pressure to the next convenient pressure in the required sequence for a
consolidation test, as described in BCDC 13 (1890) /BS EN ISO 17892-5:2017, 6.5, or reduce the
pressure to a convenient value for a swelling test, as described in 17.4, (if the specimen was suitably
prepared). Do not reset the deformation gauge to zero.

17.3.4 Reporting result

When equilibrium is established, report the pressure on the specimen to two significant figures as the
swelling pressure. Other data as listed in 16.2 shall be reported, as appropriate.

17.4 Measurement of swelling
17.4.1 Preparation of specimen

17.4.1.1 Prepare the test specimen in the consolidation ring by one of the methods described in as
BCDC 13 (1890) /BS EN ISO 17892-5:2017, 6.2.

17.4.1.2 Determine the thickness of the upstand of the flanged disc to 0.01 mm.

17.4.1.3 Place the flanged disc on the flat, glass plate and place the prepared specimen in the
consolidation ring, cutting edge downwards, centrally over the disc, with a disc of filter paper interposed.

17.4.1.4 Push the ring steadily downwards without tilting until the cutting edge is firmly in contact with
the flange of the disc.

17.4.1.5 Cut off the extruded portion of soil and trim the specimen flat and flush with the upper end of
the ring. Remove the flanged disc and filter paper.

17.4.1.6 Weigh the specimen in its ring on the watch glass or tray and determine the mass of the
specimento 0.1 g.

17.4.1.7 From the thickness of the disc and the measured thickness of the ring calculate the specimen
height, Ho, in mm.

17.4.2 Preparation and assembly of apparatus

17.4.2.1 The procedure shall be as described in BCDC 13 (1890) /BS EN ISO 17892-5:2017, 6.4, but
the porous plates shall be air dried after saturation.

17.4.2.2 Mount the ring containing the specimen with the displaced face uppermost and fit the top
porous plate centrally inside the ring. Make the necessary adjustments to bring the beam of the loading
apparatus to a horizontal position.

17.4.2.3 Secure the deformation gauge in position to allow for measurement of swelling over a range
at least equal to the thickness of specimen displaced.

17.4.2.4 Do not add water to the cell at this stage.

17.4.3 Test procedure

17.4.3.1 Determine the swelling pressure, as described in 17.3.3.1 to 17.3.3.5.
17.4.3.2 Record the compression gauge reading. Do not reset it to zero.

17.4.3.3 Reduce the pressure on the specimen to a suitable value by removing weights from the beam
hanger.

NOTE
Pressures to which the specimen is unloaded could be those given in BCDC 13 (1890) /BS EN ISO 17892-5

or could be related to the swelling pressure, ,, , in the sequence:

If other pressures are more appropriate, the sequence should normally be related to a constant ratio.

17.4.3.4 Record readings of the deformation gauge and plot the readings so that the completion of
swelling can be identified. Record the final reading of the compression gauge.
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17.4.3.5 Repeat 17.4.3.3 and 17.4.3.4 for further stages of the sequence of unloading down to the
selected minimum pressure. The total height of the specimen shall not be allowed to exceed the height
of the ring.

17.4.3.6 Reload the specimen back to the swelling pressure, following the same sequence of pressures
in reverse.

17.4.3.7 If required, further loading stages can be applied following the procedure described in BCDC
13 (1890) /BS EN ISO 17892-5:2017. 6.5.2.

17.4.3.8 Drain water from the cell and make final measurements, as described in BCDC 13 (1890) /BS
EN ISO 17892-5:2017, 6.6.

17.4.4 Calculation and plotting

The calculations and graphical plots shall be as described in BCDC 13 (1890) /BS EN I1SO 17892-
5:2017. Clause 7 and Annex B. Values of my, and c, shall be calculated only for the reloading stages.

17.4.5 Reporting results

The relationship between voids ratio or swelling and logarithm of pressure for the
swelling/reloadingcycle shall be plotted in a similar manner to that derived from a consolidation
test.

Other data as listed in 16.2 shall be reported, as appropriate.
17.5 Measurement of settlement on saturation
17.5.1.1 Preparation of specimen

Prepare the test specimen in the consolidation ring by one of the methods described in BCDC 13 (1890)
/BS EN ISO 17892-5:2017, 6.2 and weigh the soil and ring, as described in BCDC 13 (1890) /BS EN
ISO17892-5:2017, 6.3.

17.5.2 Preparation and assembly of apparatus

The procedure shall be as described in BCDC 13 (1890) /BS EN 1S017892-5:2017,6.4, however, the
porous plates shall be air dried after saturation.

Do not add water to the cell at this stage.
17.5.3 Test procedure

17.5.3.1 Cover the consolidation cell to prevent the specimen drying out, e.g. by using damp cloth under
plastic film.

17.5.3.2 Apply a suitable sequence of pressure to the specimen, as described-in BCDC 13 (1890) /BS
EN 1S0O17892-5, 6.5 but omitting 6.5.2.3, up to the specified pressure.

17.5.3.3 When equilibrium is established under the selected load, fill the cell with water so that the
specimen is completely submerged and start the timer.

17.5.3.4 Record readings of the compression gauge at suitable intervals of time while the pressure on
the specimen remains constant, until equilibrium is re-established.

17.5.3.5 Carry out further loading and unloading stages, as described in BCDC 13 (1890) /BS EN ISO
17892-5:2017, 6.5, as required, with the specimen remaining saturated. Dismantle, as described in
BCDC 13 (1890) /BS EN 1SO 17892-5:2017, 6.6.

17.5.4 Calculation and plotting

The calculations and graphical plots shall be as described in BCDC 13 (1890) /BS EN ISO 17892-
5:2017, Clause 7. On the plot of compression or void ratio against log pressure, the decrease in height
of the specimen due to saturation shall be indicated by a vertical line at the constant applied pressure.

Calculate the decrease in height on saturation as a percentage of the specimen height under the same
pressure immediately before saturation.

17.5.5 Reporting results

Test data as listed in 16.2 shall be reported, as appropriate.

The change in void ratio or height due to saturation shall be clearly shown on the plot of void ratio or
compression against log pressure.
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Report the corresponding change in height as a percentage of the specimen height immediately before
saturation, to the nearest 0.1%. Report any collapse indices or other parameters as required by the
engineer.

18 Determination of dispersibility

COMMENTARY ON CLAUSE 18

Certain fine-grained soils that are highly erodible are referred to as dispersive soils. Dispersive soils
cannot be identified by means of conventional soil classification tests, but the qualitative tests described
in this clause enable them to be recognized. However, it does not follow that soils classified by these
tests as non-dispersive are not susceptible to erosion in some circumstances.

These methods are not applicable to soils with a clay content of less than 10% and with a plasticity
index less than or equal to 4.

Three tests are described as follows:

a) the pinhole test, in which the flow of water under a high hydraulic gradient through a cavity in the
soil is reproduced,;

b) the crumb test, in which the behaviour of crumbs of soil in a static dilute sodium hydroxide solution
is observed; and

c) the dispersion method (double hydrometer test), in which the extent of natural dispersion of clay
particles is compared with that obtained with the use of standard chemical and mechanical
dispersion.

Other factors which are significant in relation to soil erodibility include:
1) swelling potential;

NOTE

A test for measuring swelling pressure is described in Clause 17.

2) clay mineralogy;

3) chemical composition of dissolved cations in the pore water.

18.1 Pinhole method
18.1.1 General

COMMENTARY ON 18.1.1

In this test, distilled, deionized or de-mineralized water is caused to flow through a 1 mm diameter hole
formed in a specimen of recompacted clay under a controlled hydraulic head. Where distilled, deionized
or de-mineralized water is referred to in this test specification, the terms are interchangeable. The
resistance to erosion of the clay is judged visually by the presence or absence of turbidity in the water
which emerges and from measurements of rates of flow and the final hole diameter.

The specified test measures the dispersibility of clay in distilled water, which is considered to be a basic
property of the soil. Clays are considered to be more likely to disperse in distilled water than in water
containing dissolved salts.

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.
18.1.2 Apparatus
18.1.2.1 Pinhole test apparatus, as shown in Figure 18 a), consisting essentially of the following:

a) arigid cylindrical body of corrosion-resistant material, approximately 100 mm long;

b) corrosion-resistant end plates, one fitted with water inlet and standpipe connections, the other with
an outlet connection;

c) O-ring seals to make a watertight fit between the body and end plates;

d) three discs of appropriate diameter and with wire mesh having apertures of 1.18 mm; and

e) nipple of corrosion-resistant material, in the form of a truncated cone 13 mm long with a hole of 1.5
mm diameter see [Figure 18 b)].

18.1.2.2 Standpipe tube of glass, or transparent plastics, approximately 3 mm internal diameter and
approximately 1 200 mm long.

18.1.2.3 Scale for the standpipe tube marked in millimetres.
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18.1.2.4 Hypodermic needle, or similar, approximately 100 mm long, with an external diameter of (1.00
+0.1) mm.

18.1.2.5 Burette stand for supporting the pinhole apparatus, standpipe and scale.

18.1.2.6 Graduated glass measuring cylinders, 10 mL, 25 mL, 50 mL (at least two of each).
18.1.2.7 Stopclock, or timer, readable to 1 s.

18.1.2.8 Pea gravel, consisting of single-size particles of approximately 5 mm.

18.1.2.9 Constant-head supply tank, adjustable between 50 mm and approximately 1100 mm above
the centreline of the pinhole apparatus.

18.1.2.10 Supply of distilled water for the constant-head tank.

18.1.2.11 Test sieve, with 2 mm aperture.

18.1.2.12 Flat ended tamping rod, or a spring loaded hand tamper.

18.1.2.13 Apparatus for determination of water content (see BCDC 13 (1864)/BS EN ISO 17892-1).

18.1.2.14 Apparatus for determining the liquid and plastic limits of the soil (see BCDC 13 (1863)/BS EN
ISO 17892-12).

18.1.2.15 Apparatus for the determination of the water/density relationship of the soil (see clause 11).

Dimension in millimeters

B
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Glass standpipe ——=f \\ S Two discs of *
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head tank \

\ /

\\ * // /,———O-ring seal x 2 A 7
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Pea gravel o

_O_o ) o [f—Basecap
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|

Disc of wire mesh =" 38 #2% 50 | |
|
: White paper ¢ L

a) Arrangement of test b) Details of nipple

13

|
|
A=

Top cap —————=

Pea gravel—

f=—— Vent hele |
'

NOTE
See BCDC 13 (2045) /,5.1.3.1.
Figure 18 - Section of pinhole test apparatus

18.1.3 Specimen preparation and assembly

18.1.3.1 Do not allow the specimen to dry before testing.
NOTE

Many soil results are affected by drying, especially if the sail after rewetting is not left long enough to mature
in the compacted state, e.g. overnight.

18.1.3.2 Take a specimen of approximately 150 g of the soil to be tested, at its natural water content.
Take a second similar specimen for the determination of the liquid limit and plastic limit, to be carried
out as described in BCDC 13 (1863)/BS EN ISO 17892-12.

18.1.3.3 Remove any particles retained on a 2 mm test sieve from the test sample.

18.1.3.4 Increase or decrease the water content to bring the sample to approximately its plastic limit.

Use the thread-rolling procedure described in BCDC 13 (1863)/BS EN ISO 17892-12.as an indication
of the required consistency.

18.1.3.5 Determine the resulting water content of the specimen, as described in BCDC 13 (1864)/BS
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EN ISO 17892-1.
18.1.3.6 Fit the outlet end plate to the body of the pinhole apparatus, making a watertight joint.

18.1.3.7 Support the body of the apparatus vertically and place pea gravel to a depth of approximately
50 mm in the bottom of the apparatus, taking care not to block the outlet hole. Level the surface of the
gravel and place two discs of wire mesh on top.

18.1.3.8 Compact the test specimen into the apparatus in five equal layers, to give a total sample depth
of (38 £2) mm. Apply an equal compactive effort to each layer such that the resulting dry density of the
sample is approximately 95% of the dry density corresponding to the optimum water content,
determined in accordance with Clause 11.

18.1.3.9 Level the surface of the specimen and push the nipple into the soil at the centre, using finger
pressure, until the upper face is flush with the specimen surface.

18.1.3.10 Insert the needle through the nipple and through the compacted specimen to form a
continuous hole and then remove the needle.

18.1.3.11 Place a disc of wire mesh over the specimen followed by pea gravel to the top of the body of
the apparatus.

18.1.3.12 Fit the top plate to the body, making a watertight joint.
18.1.3.13 Support the apparatus in the burette stand with its cylindrical axis horizontal.

18.1.3.14 Set the constant-head reservoir of the distilled water supply so that the water level can be
maintained at a height of (50 £5) mm above the centre-line of the apparatus. Close the inlet valve.

Connect the inlet on the pinhole apparatus to the supply from the reservoir and connect the standpipe
connection to the standpipe, supported by the burette stand. Place a glass measuring cylinder on a
sheet of white paper under the outlet pipe.

18.1.4 Test procedure

18.1.4.1 Open the inlet valve to allow water from the reservoir to enter the apparatus and to flow through
the specimen until a steady rate of flow is obtained with H = (50 +5) mm [see Figure 18 a)]. If there is
no flow, disconnect the apparatus, reform the hole, and resume from 18.1.3.10.

18.1.4.2 Within 5 min, measure the rate of flow, g (in mL/s), by observing the time required to fill the 10
mL measuring cylinder.

18.1.4.3 Observe and record the appearance, including colour, of the water collected in the measuring
cylinder. If it is clear, record that fact.

18.1.4.4 Observe and record the clarity and colour of the collected water by looking through the side of
the cylinder against a sheet of white paper and vertically through the water. If individual particles are
discernible, record that fact, together with an indication of the turbidity of the water.

18.1.4.5 If the collected water is substantially clear after running for approximately 5 min, continue at
18.1.4.8.

18.1.4.6 If the water is not substantially clear and the rate of flow has increased to between 1.0 and 1.4
mL/s the test is complete. Proceed to 18.1.4.16.

NOTE
The limiting rates of flow imposed by the apparatus itself are given approximately in Table 6.
Table 6 - Typical limiting rates of flow imposed by the apparatus

Inlet head Limiting rate of flow
H qu

mm mL/s

50 12t01.3

180 Approximately 2.7
380 Approximately 3.7
1020 5 or more
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18.1.4.7 If the rate of flow in 18.1.4.6 is less than 1.0 mL/s, continue the test for a further 5 min .If the
water is then clear or is only slightly turbid and the rate of flow is between 0.4 mL/s and 0.8 mL/s,
continue at 18.1.4.8. If the water is distinctly turbid stop the test and proceed to 18.1.4.16.

18.1.4.8 Increase the head of water, H, to (180 £5) mm and allow the flow to continue for 5 min. Repeat
18.1.4.3 and 18.1.4.4.

18.1.4.9 If the collected water continues to be clear, or has only a slight trace of turbidity and the rate
of flow is between 0.8 mL/s and 1.4 mL/s, record the fact and proceed to 18.1.4.11.

18.1.4.10 If the water is not clear and the rate of flow increases to approximately the limiting value (see
Note 3 to 18.1.4.6, stop the test. Proceed to 18.1.4.16.

18.1.4.11 Increase the head of water, H, to (380 £5) mm and allow the flow to continue for 5 min. Repeat
18.1.43 and 18.1.4.4.

18.1.4.12 If the water continues to be clear, or has only a slight trace of turbidity and the rate of flow is
between 1.0 mL/s and 1.8 mL/s, record the fact and continue at 18.1.4.14.

18.1.4.13 If the water is not clear, or the rate of flow has increased to between 1.4 mL/s and 2.7 mL/s
(see Note 3 to 18.1.4.6), stop the test. Proceed to 18.1.4.16.

18.1.4.14 Increase the head of water, H, to (1 020 +5) mm and allow the flow to continue for 5 min.
Repeat 18.1.4. 3. and 18.1.4.4.

18.1.4.15 Observe and record the rate of flow and whether the collected water continues to be clear, or
the extent of turbidity, then stop the test.

18.1.4.16 When the flow tests are completed disconnect the distilled water supply, dismantle the
apparatus and remove the specimen intact from the body of the apparatus.

18.1.4.17 Cut the sample in half through its axis.

18.1.4.18 Examine the hole and estimate its diameter; d (in mm), by comparison with the needle, or
measure its diameter to 0.5 mm using a steel rule. Sketch the configuration of the hole, with
measurements, if it is not of uniform diameter.

NOTE
18.1.4.3 to 18.1.4.15 are illustrated as a flow chart in Figure 19
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Figure 19 - Flowchart for pinhole test procedure
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18.1.5 Analysis of test data

The following test data shall be used for classifying the soil:

a) appearance of the collected water;

b) rate of flow of water; and

c) final diameter of the hole in the specimen.

Classify the soil as dispersive soil (category D1 or D2) or non-dispersive soil (categories ND1 to ND4)
in accordance with Table 7.

NOTE

These categories are also indicated in Figure 19

The results from the test at 50 mm head of water shall be used as the principal means of differentiating
dispersive from non-dispersive soils as defined by this test.

Table 7 - Classification of soils from pinhole test data

Dispersive Head Testtime for Final flow Cloudiness offlow at end of Hole size
classification givenhead  (ate through test after test
specimen
mm min mL/s From side From top mm
D1 50 5 1.0t0 1.4 Dark Very Dark 02.0
D2 50 10 1.0to 1.4 Moderately — Dark >1.5
dark
ND4 50 10 0.8t01.0 Slightly Moderately dark O1 . 5
dark
ND3 180 5 1.4t02.7 Barely Slightly dark O01. 5
380 5 1.810 3.2 vistale
ND2 1020 5 >3.0 Clear Barely visible <1.5
ND1 1020 5 03.0 Plerfectly Perfectly clear 1.0
Clear

NOTE Based on ASTM standard D4647/D4647M-13 (re-approved 2020).

18.1.6 Reporting results

The test report shall affirm that the test was carried out in accordance with 18.1, and contain the

following information, in addition to the relevant information listed in BCDC 13 (2045) , Clause 10:

a) a statement of the method used, i.e. the pinhole test in accordance with 18.1;

b) identification details, type and source of the soil sample;

¢) the soil description, including whether any coarse particles were removed for the test;

d) the liquid limit, plastic limit and water content of the test specimen;

e) the density and dry density to which the specimen was compacted for test;

f) the rates of flow, duration of flow and appearance of the collected water, during each hydraulic head
applied,;

g) the diameter and configuration of the hole after test; and whether the soil is classified according
to this test as dispersive (categories D1, D2); moderately to slightly dispersive (categories ND4,
ND3); or non-dispersive (categories ND2, ND1).

18.2 Crumb method

COMMENTARY ON 18.2

In this method, dispersive clay soils are identified by observing the behaviour of a few crumbs of soil
placed in a dilute solution of sodium hydroxide.

18.2.1 General

The requirements of BCDC 13 (2045), where appropriate, shall apply to this test method.
18.2.2 Apparatus and reagent

18.2.2.1 100 ml glass beaker.
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18.2.2.2 0.001 M solution of sodium hydroxide (1 milli-equivalent per litre).

Dissolve 0.04g of anhydrous sodium hydroxide in distilled water to make 1 L of solution.
NOTE

For many soils, distilled or deionized water provides as good an indicator as the sodium hydroxide solution.
The soil is dispersive if a test with distilled water indicates dispersion, but many dispersive clays do not show
a dispersive reaction in distilled water even though they do in the solution.

18.2.3 Procedure

18.2.3.1 Prepare a few crumbs, each approximately 6 mm to 10 mm diameter, from representative
portions of the soil at the natural water content.

18.2.3.2 Drop the crumbs into a beaker about one-third full of the sodium hydroxide solution.
18.2.3.3 Observe the reaction after allowing to stand for 5 min to 10 min.
18.2.4 Observations

a) Observe the behaviour of the crumbs in accordance with the following guidelines.

b) Grade 1: No reaction. Crumbs might slake or run out to form a shallow heap on the bottom of the
beaker, but there is no sign of cloudiness caused by colloids in suspension.

c) Grade 2: Slight reaction. A very slight cloudiness can be seen in the water at the surface of a crumb.

d) Grade 3: Moderate reaction. There is an easily recognizable cloud of colloids in suspension, usually
spreading out in thin streaks at the bottom of the beaker.

e) Grade 4: Strong reaction. A colloidal cloud covers most of the bottom of the beaker, usually as a
thin skin. In extreme cases all the water becomes cloudy.

Grades 1 and 2 represent a non-dispersive reaction, and grades 3 and 4 a dispersive reaction.
18.2.5 Test report

The test report shall affirm that the test was carried out in accordance with 18.2, and contain the
following information, in addition to the relevant information listed in BCDC 13 (2045). Clause 10:

a) a statement of the method used, i.e. the crumb test in accordance with clausel8.2;

b) identification details, type and source of the soil specimen;

c) whether the soil is classified according to this test as non-dispersive and the relevant group from
18.2.4; and

d) details of the reagent used.
18.3 Dispersion method

COMMENTARY ON 18.3

In this method, a hydrometer sedimentation test {see BS EN ISO 17892-4:2016,6.2) is carried out on
two identical portions of the soil specimen, one with and one without the use of a dispersant solution
and mechanical shaking or stirring. The ratio between the measured clay fractions provides a measure
of the dispersibility of the clay.

18.3.1 General
The requirements of BCDC 13 (2045). where appropriate, shall apply to this test method.
18.3.2 Apparatus

18.3.2.1 The apparatus shall be as specified in TZS 3308-4/BS EN 1SO 17892-4:2016, 4.3, except that
four 100 mL glass measuring cylinders are required.

18.3.2.2 Sodium hexametaphosphate solution, as specified in TZS 3308-4/BS EN I1SO 17892-4:20186,
4.5.3.

18.3.2.3 Apparatus shall be calibrated as specified in TZS 3308-4/BS EN 1SO 17892-4:2016 Annex A.
18.3.3 Sample preparation

Prepare two test specimens of equal mass from the fraction of the undried soil passing the 2 mm sieve,
as described in BCDC 13 (2045), 8.3 and 8.4.5.

NOTE
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The dry mass of soil required depends upon the type of soil. For a sandy soil about 100 g is required for a silt
soil about 50g, and for clay soil about 30g is required.

Designate the specimens as follows:

a) Specimen A: To be tested without chemical and mechanical dispersion.

b) Specimen B: To be tested in accordance with TZS 3308-4/BS EN ISO 17892-4:2016, 5.3.
Weigh each test specimen to 0.01 g and obtain their initial dry masses, @

18.3.4 Test procedure
18.3.4.1 Specimen A
a) Add 100 mL of distilled water to the soil in the conical flask and agitate sufficiently to bring the soil

into suspension. Do not shake vigorously or use mechanical shaking.

b) Transfer the suspension from the bottle or flask to the 63 mm test sieve placed on the receiver and
wash the soil in the sieve using a jet of distilled/deionized water from the wash bottle. The amount
of water used during this operation shall not exceed 500 mL.

¢) Transfer the suspension that has passed through the sieve to the 1000 mL measuring cylinder and
make up to exactly 1 000 mL with distilled water.

NOTE

This suspension is used for the sedimentation analysis, as described in TZS 3308-4/BS EN ISO 17892-
4:2016, 5.3.3.

d) Transfer the material retained on the 63 mm test sieve to an evaporating dish and dry in the oven
maintained at 105 °C to 110 °c.

e) When cool, re-sieve this material on the sieves down to 63 mm size, as described in TZS 3308-
4/BS EN 1SO 17892-4;2016, 5.2.3. Weigh the material retained on each sieve.

f) Add any material passing the 63 mm sieve to the measuring cylinder.

g) Insert the rubber bung into the cylinder containing the soil suspension, shake it and place it in the
constant temperature bath so that it is immersed in water up to the 1 000 mL graduation mark.

h) Fill the second 1 000 mL cylinder with distilled water to the 1 000 mL mark. Insert the rubber bung
and place this cylinder in the constant temperature bath alongside the first.

i) Proceed with the hydrometer sedimentation test, as described in TZS 3308-4/BS EN ISO 17892-
4:2016, 5.3.3, except that the cylinder containing distilled water replaces the cylinder containing
dispersant solution.

18.3.4.2 Specimen B
Carry out the test in accordance with TZS 3308-4/BS EN ISO 17892-4:2016, 5.3.3.
18.3.5 Calculations and plotting

18.3.5.1 Calculate the particle sizes and percentages in accordance with TZS 3308-4/BS EN ISO
17892-4:2016,6.2.

NOTE

The value of 'Y relates to the hydrometer reading in distilled water for specimen A, and in the dispersant
solution for specimen B.

18.3.5.2 Draw the resulting particle size distribution curves on a semi-logarithmic chart.

18.3.5.3 Determine the percentage of clay-size particles from the intercept of each curve with the 0.002
mm ordinate, denoted by Pa and Ps (see Figure 20).
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Figure 20 - Typical results from dispersion (double hydrometer) test

18.3.5.4 Calculate the percentage dispersion, equal to:

0
6_ P T

where:

0 is the measured percentage of clay without dispersant; and
0 is the measured percentage of clay with dispersant.

18.3.6 Test report

The test report shall affirm that the test was carried out in accordance with 18.3, and contain the
following information, in addition to the relevant information listed in BCDC 13 (2045), Clause 10:

a) a statement of the method used, i.e. the dispersion method (double hydrometer test) in accordance
with BCDC 13 (2046), 18.3;

b) identification details, type and source of the soil specimen;

c) particle size distribution curves obtained with and without dispersion; and

d) the percentage dispersion, to the nearest whole number, as determined by this test.

19 Determination of frost heave

19.1 General

COMMENTARY ON 19.1

The purpose of this test is to determine the frost heave of a soil when compacted into cylindrical
specimens at a predetermined water content and density. The test can also be carried out on cylindrical
specimens of undisturbed soil.

The procedure shall be as described in BS 812-124.
The requirements of BCDC 13 (2046), where appropriate, shall apply to this test method.

19.2 Preparation of test specimens
19.2.1 Preparation of soil for test on compacted soil

The minimum mass of soil required for the complete test is the sum of the following:

NOTE
The mass of each portion will depend on the type of soil.
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a) The mass required for determining the particle size distribution, as specified in TZS 3308-4/BS EN
ISO 17892-4:2016, Table 1.

b) The mass required for determining the plasticity index of the fines fraction, if appropriate, as
specified in BCDC 13 (1863)/BS EN ISO 17892-12:2018+A1:2021, 5.2.1 and 5.5.1.

c) The mass required for determining the optimum water content and maximum dry density, as
specified 11.2.

NOTE

If the water content and density at which test specimens are to be prepared have already been specified this
portion is not required.

d) A mass that provides 20 kg of soil passing a 37.5 mm test sieve, for preparation of a trial specimen
and the test specimens.

Subdivide the original sample by a method that ensures each portion is a representative sample of the
whole.

19.2.2 Preparation of specimens of compacted soil

Prepare test specimens in accordance with BS 812-124:2009, Clause 9.

19.2.3 Preparation of undisturbed specimens

Prepare test specimens of undisturbed soil from undisturbed samples taken in sampling tubes or as
block samples. Preparation of undisturbed specimens shall be in accordance with BCDC 13 (2045), 9.3
or 9.5.

19.3 Test procedure

Carry out the test in accordance with BS 812-124.
NOTE

The precision data given in BS 812-124:2009, Table 2, are based on aggregates and should not be applied
to soils.

20 Determination of consolidation properties using a hydraulic cell
20.1 General

COMMENTARY ON 20.1

These procedures cover the determination of the magnitudes and rates of consolidation of soil
specimens of relatively low permeability using hydraulically loaded apparatus. They provide a
convenient means of testing specimens larger than typical oedometer tests and enable drainage in
either the horizontal or vertical directions to be investigated. The specimen is in the form of a cylinder
confined laterally, subjected to vertical axial pressure applied hydraulically.

The apparatus and procedures described here are based on the extendable-bellows type of hydraulic
cell. Specimen diameters typically range from 50 mm to 250 mm. Other types of hydraulically loaded
cell, incorporating for instance a rolling-seal diaphragm, are also available. The test method is not
restricted to a particular design of cell provided that the essential requirements are fulfilled.

In this type of cell, pressure could be applied to the surface of the specimen either directly through a
flexible porous disc in stress-controlled conditions (i.e. the "free strain" condition), or through a rigid
porous disk in strain-controlled conditions (i.e. the "equal strain" condition).

For larger diameter systems, a rigid porous disc is not sufficiently rigid. A solid rigid disc with drainage
holes can be used above the porous disc.

With either type of loading the following drainage conditions are possible. The various configurations
are indicated diagrammatically in Figure 21:

a) vertical drainage to the top surface only, with measurement of pore pressure at the centre of the
base [see Figure 21 a). and Figure 21 b)];

b) vertical drainage to both top and bottom surfaces [see Figure 21 c.) and Figure 21 d)];

c) radial drainage outwards to the periphery only, with measurement of pore pressure at the centre of
the base [see Figure 21 e) and Figure 21 f)];

d) radial drainage inwards to a central drain with measurement of pore pressure at one or more points
off centre [see Figure 21 g) and Figure 21 h)]: and

e) radial drainage to a central drain with rigid loading and measurement of pore pressure offset from
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the centre, with a porous periphery to allow horizontal permeability to be measured [ see Figure 21
i)]-
Each method requires its own curve-fitting procedure and multiplying factors for deriving the relevant
coefficient of consolidation. The factors also depend on whether data are derived from pore pressure
measurements at a single point, or from "average" measurements (volume change or settlement) for
thespecimen as a whole.
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1. Puwpis the pore water pressure.

2. Alining above the porous drain is required for options €), f) and i) in order to keep the diameter constant.
Ideally this should be of low friction material.

Figure 21 - Drainage and loading conditions for consolidation tests in hydraulic cells
20.1.1 Test conditions

The following test conditions shall be specified before testing:

a) size of test specimen;

b) drainage conditions;

c) loading conditions;

d) location of pore pressure measurement point (when required);

e) whether void ratios are to be calculated and plotted;

f) sequence of effective pressure increments and decrements;

g) criterion for terminating each primary consolidation and swelling stage; and
h) whether secondary compression characteristics are required.

The requirements of BCDC 13 (2045), where appropriate, shall apply to the test methods described in
this clause.

20.1.2 Environmental requirements and safety

20.1.2.1 Temperature

These tests shall be carried out in a test location in which the temperature is maintained within £2 °C,
in accordance with BCDC 13 (2045), 7.1. All apparatus shall be protected from direct sunlight, from
local sources of heat and from draughts.

20.1.2.2 Hazard warning

NOTE

Users of this equipment should be conversant with regulations for pressure vessels.

Consolidation cells and ancillary equipment shall not be used at pressures above their safe working
pressures.

20.2 Apparatus

20.2.1 Hydraulic consolidation cell and accessories

20.2.1.1 General requirements for the cell

20.2.1.1.1 All metal body components shall be impervious and corrosion resistant. The cell body, top
and base shall all be of the same material to minimize the possible effects of electrolytic corrosion.
NOTE

The porous periphery required for radial outwards flow typically has a higher friction than the smooth metal
bore of the cell body. Consequently, [as shown in Figure 21 e), Figure 21 f), Figure 21.i) and Figure 23] it is
desirable to substitute a low friction liner above the level of the specimen to reduce the friction between the
periphery and the diaphragm. This is not a consideration as far as friction is concerned for tests without a
porous periphery, but in these cases, a low-friction liner over the full height of the bore can be useful to keep
diameters constant regardless of configuration, so eliminating the need for different diameters of ancillary
equipment, such as cutting rings, rigid discs and porous discs.

20.2.1.1.2 The cell when assembled shall be capable of withstanding sustained internal water
pressures of up to 1 000 kPa without significant leakage or distortion.

NOTE

The main features of the extending-bellows type of a 250 mm diameter cell are shown diagrammatically in
Figure 22. Arrangements for radial drainage are shown in Figure 23 a) and Figure 23 b).

20.2.1.2 Components of the cell
20.2.1.2.1 Cell body, the inside face of which shall be smooth and free from pitting.

NOTE

The internal surface of the body and base can be lined with a thin smooth impervious layer of plastics material
bonded on, to reduce wall and base friction and inhibit corrosion.
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Figure 23 - Arrangement of hydraulic cell/or radial drainage to centre and optional permeability stage

20.2.1.2.2 Top cover, fitted with an air bleed plug and a bushing or seal for a hollow rod (the drainage
stem) which is attached to an impermeable flexible diaphragm, e.g. of butyl rubber. Since the drainage
stem permits drainage to take place from the top face of the specimen, provision shall be made for
measurement of the vertical movement of that face.

20.2.1.2.3 Diaphragm, selected from a range of diaphragms of various stiffnesses, appropriate to the
soil type and the type of test.

NOTE

In cells using a bellows type of diaphragm the folds pressing against the cell wall can impede the removal of
excess water for some considerable time. It is advantageous to fit a strip or collar of porous plastics material
between the diaphragm and the rim drainage aperture to provide a free drainage path which enables this
water to be removed quickly.

20.2.1.2.4 Cell base, incorporating a central recess for a porous insert (the pore pressure measurement
point) connected to a valve on the periphery.

NOTE

Pore pressure is usually measured at the centre of the base of the specimen in tests with vertical drainage.
Some cell bases of large diameter are fitted with additional off-centre pore pressure points, one (or more) of
which is used/or some tests in which radial drainage takes place.

20.2.1.2.5 Connection ports incorporated into the top cover and cell base, as shown in Figure 22. Each
port shall be fitted with either a valve, or a blanking plug if it is not required for the test. The ports shall
be connected as follows (corresponding valve designations are indicated in brackets):

a) from the pore pressure measurement point in the cell base to the pore pressure measuring device
(the pore pressure valve);

b) from the pore pressure measuring device mounting block to the flushing system (the flushing
system valve);

c) from the diaphragm pressurizing chamber to the diaphragm pressure system (the diaphragm
pressure valve);
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d) from the top of the specimen via the drainage stem to the back pressure system (the back pressure
valve); and

e) from the rim drain (when required) to the back pressure system (the rim drain valve).

20.2.1.2.6 Porous discs, for the drainage and pore pressure measuring points. Their permeability shall
be substantially greater than that of the soil and withstand the maximum vertical pressure likely to be
imposed. The discs shall be checked before each use to confirm they are not clogged by soil particles.
The discs shall be boiled for at least 10 min in distilled/deionized water before use and kept immersed
in de-aerated water until required.

20.2.1.2.7 On-off valves, capable of withstanding the maximum working pressure without leakage. They
shall produce negligible volume displacement during operation.

NOTE
Ball valves with PTFE seals have been found to conform to this requirement.

20.2.1.2.8 Flexible porous disc, to act as a drainage layer through which water from the specimen can
drain into the hollow spindle to the back pressure line. The diameter of the disc shall be approximately
1 mm less than the internal diameter of the cell. The disc shall be flexible enough to accommodate non-
- uniform surface settlement of the larger diameter specimens. In other respects, the disc shall be in
accordance with 20.2.1.2.6.

20.2.1.2.9 Rigid metal circular loading plate, with detachable lifting handle, to provide "equal strain"
loading, when required. A plug shall be provided to fill the central hole, when necessary.

20.2.1.2.10 Peripheral drain, of porous plastics material approximately 1.5 mm thick, for radial drainage
tests.

The inside face of the material shall be smooth.

20.2.1.2.11 Drainage disc, of porous plastics material up to 3 mm thick, for use as a drainage layer
when two-way vertical drainage is used.

20.2.2 Instrumentation attached to the cell

20.2.2.1 Calibrated gauge or displacement transducer, referred to as the deformation gauge,
conforming to BCDC 13 (2045), 5.2.1.3. The gauge shall be suitably supported for measuring the
vertical compression or swelling of the specimen throughout the test. For specimens up to 75 mm
diameter the gauge shall be readable to 0.002 mm and have a travel of at least 10 mm.

NOTE

For larger specimens the resolution and range of travel should be appropriate to the stiffness of the soil
specimen.

20.2.2.2 Calibrated pore water pressure measuring device, consisting of a pressure transducer reading
to 1 kPa mounted in a de-airing block fitted with an air bleed plug. One side of the block shall be fitted
to the pore pressure valve on the cell base and the other side to the flushing system valve. The whole
assembly when closed shall allow no movement of water into or out of the port leading to the cell base
pedestal. The pore pressure assembly shall allow no more than a negligible amount of water to move
into or out of the specimen.

20.2.3 Ancillary equipment for preparation and operation of the cell

20.2.3.1 Two independent pressure systems, for applying and maintaining the desired pressure in the
cell and in the specimen drainage line (referred to as the diaphragm pressure system and back pressure
system respectively). The pressure systems shall be capable of maintaining the pressure constant to
within 1 kPa or +0.5 % for the full range of the device, whichever is the greater.

NOTE

Pressure systems dependent air pressure regulators, dead-weight pressure cells oil and computer- controlled
stepper motor regulators have been successfully used. Their capacity to supply or take in water should be
enough to compensate for any leakage and drainage to or from the specimen.

20.2.3.2 Calibrated pressure transducer, for independent measurements of diaphragm pressure and
back pressure, conforming to BCDC 13 (2045),5.2.1.7. The transducer shall be capable of measuring
the pressure to within 1 kPa or £0.5 % for the full range of the device, whichever is the greater.

20.2.3.3 Calibration of equipment shall be in accordance with TZS 3308-9/BS EN ISO 17892-9:2018,
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Annex A.

20.2.3.4 Calibrated volume-change indicator (burette, transducer or stepper motor type), complying
with BCDC 13 (2045), 5.2.1.8, connected into the back pressure line.

NOTE

A pressurized paraffin burette device is suitable if the scale markings can be read to the required degree of
accuracy A volume-change transducer of appropriate range and sensitivity is convenient when an electronic
readout or recording system is available. In precise work, or where the differential pressure is small, account
should be taken of pressure variations which occur due to movement of the interface between the water and
the lower density paraffin in the burettes.

20.2.3.5 Suitable tubing, to connect the components of each pressure system to the cell. The expansion
coefficient of the tubing due to internal pressure shall not exceed 0.001 mL/m for every 1 kPa increase
in pressure.

20.2.3.6 Timing device, readable to 1 s.
20.2.3.7 Materials, as follows:

a) silicone grease or petroleum jelly;
b) porous plastics sheets, approximately 1.5 mm and 3.5 mm thick;

c) disc of latex rubber, or similar impermeable material to cover the metal disc under the
centre of the diaphragm (required for 20.7 only); and

d) asupply of de-aerated tap water, as specified in BCDC 13 (2045),6.2.
20.2.3.8 Pressurized system for distribution of de-aerated water.
20.2.3.9 Immersion tank (optional), to enable the cell to be assembled under water.
20.2.3.10 Calibrated thermometer, readable to 0.5 °C.
20.2.4 Equipment for specimen preparation and measurement
20.2.4.1 Procedures
Procedures are given for the preparation of three types of specimen:
a) undisturbed soil from a sampling tube (see 20.3.2);
b) undisturbed soil from a block sample (see 20.3.3); and
c) compacted soil (see 20.3.4 to 20.3.7).
20.2.4.2 Equipment for preparation of specimen from an undisturbed sampling tube or block sample
20.2.4.2.1 Two cutting shoes, each clearly identified, having internal diameters as follows:

a) equal to the internal diameter of the cell; and

b) equal to the internal diameter of the cell less twice the thickness of the porous plastics
lining material.

20.2.4.2.2 The tolerance range for these dimensions shall be between 99.8% and 100% of the relevant
diameter.

20.2.4.2.3 Each shoe shall be capable of being securely attached to the top flange of the cell body so
that its internal face is in precise alignment with the cell wall or face of the lining material.

NOTE

With soft soils it might be difficult to intrude a specimen of the precise diameter into the cell without
disturbance. There might then be some advantage in usin9 a slightly smaller cutting shoe to obtain a fractional
clearance. The undersize should not exceed 1 mm for a 250 mm diameter cell, or the same proportion for
other sizes.

20.2.4.2.4 Extruder (for a sample taken in a sampling tube), suitable for ejecting the undisturbed sample
from the sampling tube through the cutting shoe directly into the cell body. Extrusion shall be vertically
upwards to avoid distortion of soft soils and in the same direction relative to the tube as the soil entered
the tube. The device shall enable the cell body assembly to be securely held in place with its axis in
alignment with the direction of extrusion.

20.2.4.2.5 Means of holding the cell (for a block sample), with cutting ring and maintaining it in alignment
while it is pushed into the block sample.
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20.2.4.2.6 Balance, of sufficient capacity and accuracy to determine the mass of the specimen in the
cell to an accuracy of within 0.1%.

20.2.4.2.7 Equipment for determination of water content (see BCDC 13 (1864)/BS EN ISO 17892-1).
20.2.4.2.8 Equipment for determination of soil particle density (see TZS 3308-3/BS EN ISO 17892-3).
20.2.4.2.9 Cutting and trimming tools, appropriate to the type of soil, such as:

a) sharp trimming knife;

b) spatula;

c) wire saw of fine piano wire;

d) cheese-wire; and

e) metal straightedge at least 50 mm longer than the specimen diameter.

20.2.4.2.10 Flat surface, approximately 500 mm? (or flat glass plate for the smallest size of cell).

20.2.4.2.11 Vernier or digital callipers, for measuring the internal diameter of cells up to 150 mm
diameter.

NOTE
For larger cells a calibrated engineer's steel rule of suitable length with 0.5 mm graduations is suitable.

20.2.4.2.12 Calibrated depth gauge, for measuring the height of the test specimen in the cell, readable
to 0.1 mm.

20.2.4.2.13 Mandrel and guide jig, for forming a central drainage hole (required only for tests in which
drainage takes place to the centre).

20.2.4.2.14 Fine sand, or other suitable drainage material, for use in a central drainage well.
20.2.4.2.15 Reference straightedge, such as an engineer's steel rule.
20.2.4.3 Equipment for preparation of a specimen of compacted soil

20.2.4.3.1 Items listed in 20.2.4.3.2 to 20.2.4.3.6 are required for the preparation of soil and for
compacting it into the consolidation cell, in addition to the items listed in BCDC 13 (2045), 8.2.

20.2.4.3.2 Test sieve of aperture size, approximately one-sixth of the height of the test specimens to be
prepared.

20.2.4.3.3 Measuring cylinder.

20.2.4.3.4 Metal rammer, as described either in 11.3.2.2 (2.5 kg rammer), or in 11.5.2.2 (4.5 kg
rammer), as appropriate.

20.2.4.3.5 Trimming tool, for preparing a flat surface on the specimen inside the cell at a given depth
below the top end of the cell.

20.2.4.3.6 Items 20.2.4.2.6 t0 20.2.4.2.14, as appropriate.
20.2.5 Calibration of cell
20.2.5.1 Measurements

The following measurements of the cell and its accessories shall be determined and recorded; linear
measurements shall be made to an accuracy of 0.5% and measurements of mass to an accuracy of
0.1%:

a) internal diameter of cell body and of body with peripheral drain fitted;

b) overall height of cell body;

c) internal depth from top edge of cell body to the base when bolted together;

d) thickness of porous disc, porous plastic disc and porous peripheral drain material;
e) thickness of rigid loading disc;

f)  mass of cell body with normal attachments;

g) mass of cell body assembled on base, including bolts and attachments;

h) mass of rigid disc and each porous disc (dry);

i) mass of a typical porous liner;
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j) projection of the drainage spindle above the cell top when the diaphragm is at the upper and lower
limits of its extension (to the nearest mm); and

k) thickness of diaphragm.
20.2.5.2 Calibration of diaphragm

20.2.5.2.1 The force exerted by the diaphragm on a rigid top platen might be less than that calculated
from the hydraulic pressure and cross-sectional area of the cell, owing to diaphragm stiffness and side
friction.

NOTE

Friction could be reduced by applying a film of silicone grease to the inside wall of the cell behind the
diaphragm when a peripheral drain is not used.

20.2.5.2.2 The difference between the actual and the calculated force shall be determined. This effect
is more significant in a small cell than in a large one and can vary with both the applied pressure and
the diaphragm extension and is greatest at low pressures. This correction does not apply to "free strain”
tests.

20.2.5.2.3 The force applied by the diaphragm can be measured by the following method, which has
been found to be satisfactory, but alternative methods may be used.

20.2.5.2.4 Mount the inverted cell (without base) on the platen of a load frame fitted with a suitable
calibrated force measuring device in the manner shown in Figure 24. and then pressurize the water
under the diaphragm. The actual pressure, , (kPa), applied to the area of cross section of the cell is
given by the formula:

T
» ? P TT

where:

P is the force measured by the force measuring device (in N);

m is the mass of the rigid plate (in kg); and

A is the area of the cell (in mm?).

NOTE

The relationship between diaphragm pressure, i , and the pressure correction to be applied,| (where]

n .), can be plotted fora load-unload cycle up to the maximum working pressure. Similar calibration curves

may be obtained for a range of diaphragm extensions.

The actual pressure o on the specimen for a diaphragm pressure at a certain extension of the diaphragm
is given by the formula, 1 | if the pressure due to the depth of water above the diaphragm is
neglected.

This calibration automatically allows for the absence of pressure on the external diameter of the
drainage spindle.

20.2.5.2.5 Repeat the calibration at intervals to allow for changes in the characteristics of the diaphragm
with time.
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Figure 24 - Arrangement for load calibration of diaphragm

20.2.6 Preparation and checking of apparatus
20.2.6.1 General

Apparatus used for tests in the hydraulic cell shall be subjected to rigorous inspection and check testing
before use. The checks described in 20.2.6.2 to 20.2.6.6 shall be carried out on the diaphragm pressure,
back pressure and pore pressure systems at the frequency stated in this subclause. Checks on these
systems are of two kinds. "complete" checks and "routine" checks.

"Complete" checks in accordance with 20.2.6.2,20.2.6.3 and 20.2.6.5 shall be carried out:

a) when any item of new equipment is introduced into a system;

b) if an integral part of a system has been removed, stripped down, overhauled or repaired; and
c) atintervals not exceeding three months.

"Routine” checks in accordance with 20.2.6.4 and 20.2.6.6 shall be carried out immediately before
starting a test.

Before checking, the pressure systems and connecting lines shall be filled with freshly de-aerated
water conforming to BCDC 13 (2045), 6.2.

NOTE

A screw-type hand pump (control cylinder) can be used as an aid to flushing and checking the pressure
systems.
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The procedures described in 20.2.6.7 shall be carried out on porous discs and on any porous drainage
materials fitted into the cell, immediately before each test.

20.2.6.2 Diaphragm pressures system (complete check)

A pressure test of the diaphragm and its pressure system shall be made so that the maximum test
pressure stated in 20.2.1 can be maintained at all times during a test.

20.2.6.3 Back pressure system (complete check)

20.2.6.3.1 Flush freshly de-aerated water through the back pressure connecting line from the volume-
change indicator and through the specimen drainage line. In this operation, work the indicator at least
twice to its limits of travel, allowing water to pass out of the drainage stem and replacing it with freshly
de-aerated water from the pressure system.

20.2.6.3.2 Seal the end of the drainage stem with a watertight plug.

20.2.6.3.3 Pressurize the back pressure to 750 kPa with the drainage line valve open and record the
volume change indicator reading when steady.

20.2.6.3.4 Leave the system pressurized for at least 12 h and record the volume-change indicator
reading again.

20.2.6.3.5 If the difference between the two readings, after deducting the volume change due to
expansion of the tubing, does not exceed 0.1 mL the system can be considered to be leak-free and
ready for a test.

20.2.6.3.6 If the corrected difference exceeds 0.1 mL, investigate the leaks and rectify them so that
when 20.2.6.3.1 to 20.2.6.3.4 are repeated the requirement 20.2.6.3.5 is achieved.

20.2.6.4 Back pressure system (drainage stem or rim drain) (routine check)

COMMENTARY ON 20.2.6.4

The following check can be carried out at the same time as the pore pressure system check given in
20.2.6.6.

20.2.6.4.1 Flush the back pressure line and drainage connections as in 20.2.6.3.1. Close the drainage
line valve.

20.2.6.4.2 Increase the pressure in the back pressure system to 750 kPa, and record the volume
change indicator reading after 5 min.

20.2.6.4.3 Proceed as in 20.2.6.3.4 to 20.2.6.3.6.
20.2.6.5 Pore pressure system (complete check)

20.2.6.5.1 Open the valve between the transducer mounting block and the flushing system. Pass freshly
de-aerated water through the mounting block and cell base and out through the base port. Continue
until no air bubbles are visible in the emerging water, so that the entire system is filled with de-aerated
water.

20.2.6.5.2 Close the pore pressure valve on the cell base and remove the bleed plug in the transducer
mounting block.

20.2.6.5.3 Inject a solution of soap into the bleed plug hole. Open the flushing system valve so that
water flows from the de-aerated supply and out of the bleed hole.

20.2.6.5.4 Screw the bleed plug back into the transducer mounting while water continues to emerge.

20.2.6.5.5 Open the pore pressure valve and allow approximately 500 mL of de-aerated water to pass
out of the pore pressure measurement port (see Note), then close the valve.

NOTE
This is to ensure that any farther air, or water containing air, in the transducer mounting block is removed.

20.2.6.5.6 Seal the porous insert in the pore pressure measurement port, while water is emerging in
order to avoid trapping air, by covering with a piece of latex rubber and a small flat metal disc held down
by a clamping arrangement.

20.2.6.5.7 Pressurize the system to 700 kPa and again allow about 500 mL of water to pass out of the
pore pressure measurement port.
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20.2.6.5.8 Leave the system pressurized for at least 12 h.

20.2.6.5.9 After this period, check for leaks and if none are found, allow approximately 500 mL of water
to pass out of the pore pressure measurement port.

NOTE

A more positive means of detecting leaks than by visual observation is to connect the system to a sensitive
volume change indicator.

20.2.6.5.10 If leaks are evident, rectify them and repeat 20.2.6.5.1 to 20.2.6.5.8.

20.2.6.5.11 When checks confirm that the system is free of leaks, open the flushing system valve and
the pore pressure valve and apply the maximum pressure achievable within the limitations of the
pressure system and the pore pressure transducer to the cell base.

20.2.6.5.12 Close the flushing system valve on the transducer mounting block and record the pore
pressure reading.

20.2.6.5.13 If the pore pressure reading remains constant over a minimum of 6 h, the pore pressure
connections can be assumed to be air and leak free.

20.2.6.5.14 If there is a decrease in the pressure reading, this indicates that there is a defect in the
system, which shall be rectified. The complete pore pressure system check described above shall be
repeated until the system is proved to be free of entrapped air and leaks.

20.2.6.5.15 Pass freshly de-aerated water through the connection to any ports in the cell base that are
not to be used. When they are completely filled, close the valves on these lines and keep them closed
throughout the test.

20.2.6.6 Pore pressure system (routine check)
20.2.6.6.1 Follow the procedures described in 20.2.6.5.1 to 20.2.6.5.9.

20.2.6.6.2 When checks confirm that the system is free of leaks, close the flushing system valve on the
transducer mounting block

20.2.6.6.3 Keep the cell base covered with de-aerated water until the test specimen is ready for setting
up.
20.2.6.7 Porous media

20.2.6.7.1 The drainage disc shall be inspected and checked so that water drains freely through it. A
disc that is clogged by soil particles shall be rejected.

20.2.6.7.2 Before use, boil a porous disc for at least 10 min, and a porous plastic disc for at least 30
min, in distilled/deionized water, and then keep it under de-aerated water until required. Boil porous
insets for pore pressure measuring points in distilled/deionized water for the times stated in 20.2.6.7.1
before use and discard them when clogged with soil particles.

20.2.6.7.3 Boil porous plastic lining material in distilled water for at least 30 min before use. Place the
smooth side towards the soil, but do not grease it. The porous lining material shall be in good condition
and not pitted or damaged.

20.2.6.7.4 Sand for use in a central drainage well shall be de-aerated by boiling in distilled water and
allowed to cool in an airtight container.

20.3 Preparation of specimens
20.3.1 General
20.3.1.1 Types of specimen

Test specimens shall be cylindrical with plane ends normal to the axis, and of a height/diameter ratio of
1/2.5to 1/4. Specimens may be of undisturbed soil, or of disturbed soil that is compacted or compressed
into the cell.

Five methods of specimen preparation are described:

a) method 1 (see 20.3.2): preparation of an undisturbed specimen from a sampling tube;

b) method 2 (see 20.3.3): preparation of a specimen from a block sample;

c) method 3 (see 20.3.5): compaction of disturbed soil into the cell by applying a specified compactive
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effort;

d) method 4 (see 20.3.6): compaction of disturbed soil into the cell to achieve a specified dry density;
and

e) method 5 (see 20.3.7): compression of disturbed soil into the cell under static pressure to achieve
a specified dry, density.

The preparation of soil for compaction is given in 20.3.4.
20.3.1.2 Undisturbed specimens

Specimens shall be prepared by method 1 or method 2, depending on the type of sample. Method 2
may also be used for taking a specimen from a suitably trimmed exposure on site.

The diameter of the largest particle included in the specimen should not exceed one-sixth of the
specimen height.

If after testing, a specimen is found to contain larger particles, the size range and mass of these
inclusions shall be reported.

An undisturbed specimen shall be carefully selected to represent as closely as possible the condition
of the soil in situ especially with regard to the soil "fabric". Undisturbed specimens shall be prepared
with the minimum change of the soil structure and water.

NOTE

1. In soils containing lamination, equilibrium of pore pressure throughout the whole specimen might take
more time than is indicated by pore pressure measurement at a single point because of variations in
permeability at successive horizons.

2. Preparation of undisturbed specimens should be carried out in an atmosphere in which the relative
humidity is controlled at not lower than 40%. Water loss from soil not being used immediately should be
prevented by, for example, wrapping in clinging plastics film followed by aluminium foil.

20.3.1.3 Compacted specimens

Specimens shall be prepared by dynamic compaction (method 3 and method 4), or by static
compression (method 5). These methods relate to compaction or compression into the larger sizes of
consolidation cell. Specimens of smaller sizes can be trimmed from soil that is first compacted into a 1
L compaction mould, or a CBR mould (see Clause 11 and Clause 15), in the same way as preparing
undisturbed specimens.

The diameter of the largest particle present in the soil shall not exceed one-sixth of the specimen height.
20.3.2 Preparation of undisturbed specimen from sample tube

20.3.2.1 Samples taken from site in tubes shall, whenever possible, be extruded, trimmed and fitted
into the cell body in one operation. The procedure for vertical extrusion shall be as described in 20.3.2.2
to 20.3.2.16.

NOTE

1. When this is not practicable, the sample should be extruded from the tube and treated in the same way
as a block sample (see 20.3.3).

2. Invery organic clays and silts, oxidation can take place in contact with air which releases bubbles of gas.
Extrusion of these soils should ideally be carried out under water, e.g. by mounting a horizontal extruder
ram in a water tank.

20.3.2.2 Attach the cutting shoe of the correct diameter to the top end of the cell body so that the cutting
edge is exactly in alignment with the cell wall. If the test is to be carried out with radial drainage to the
periphery, fit the saturated peripheral drain into the cell body first using the appropriate diameter of
cutting shoe (see 20.2.4.2.1); intrude the sample as quickly as possible before the drain loses its
saturation.

20.3.2.3 Assemble the sample tube and cell body with shoe on the extruder; ensuring correct alignment
and secure fixing.

20.3.2.4 Extrude the sample until the cell is filled with a few millimetres surplus at the top end. Remove
parings from around the shoe during extrusion to prevent obstruction to movement of the sample.

20.3.2.5 Sever the sample at the level of the cutting edge of the shoe.

20.3.2.6 Detach the cell and shoe from the extruder and remove the cutting shoe. Support the underside
of the specimen by spatula blades before lifting.
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20.3.2.7 Trim the specimen at each end flush with the cell body flange.

20.3.2.8 Use a cylindrical spacer of appropriate thickness, slightly smaller than the cell diameter; to
push out the unwanted length of specimen; cut off this length.

20.3.2.9 Trim the cut end of the specimen (which will be the bottom face) flush with the upper edge of
the cell. Remove any protruding particles carefully; fill the resulting void with fine material from the
trimmings and press in well.

20.3.2.10 Weigh the cell with the specimen to an accuracy of within 0.1%. Measure the distance from
the surface of the specimen to the top end of the cell body to 0.1mm and calculate the initial specimen
height (Ho)

20.3.2.11 Cover the de-aired cell base (prepared as in 20.2.6.6) with a thin film of de-aerated water.

20.3.2.12 Place two thin steel spatulas under the bottom flange of the cell body to retain the specimen
flush with the flange while it is lifted. Slide the specimen on to the flooded cell base without entrapping
any air and remove the spatulas. Bolt the body to the cell base by progressively tightening opposite
pairs of bolts. The body shall be properly sealed on the base sealing ring and tightened down uniformly.
Close the flushing system valve.

20.3.2.13 Fill the top of the cell above the specimen with de-aerated water only if the soil is not
susceptible to swelling or is not sensitive to a water content change under zero stress.

20.3.2.14 For a soil that is susceptible to swelling or sensitive to water content change, the swelling
pressure shall be determined by the procedure in 20.5.1.1, by allowing water to percolate up from the
base.

20.3.2.15 Take representative specimens from the soil trimmings for determination of water content in
accordance with BCDC 13 (1864)/BS EN ISO 17892-1.

20.3.2.16 Assemble the cell top in accordance with 20.4.
20.3.3 Preparation of specimen from block sample

20.3.3.1 The procedure given in 20.3.2.2 to 20.3.3.8 enables a specimen to be fitted into the cell body
from a block sample, or from a specimen already extruded from a tube, or from a suitably trimmed
exposure on site.

NOTE

A specimen taken on site should be trimmed flush to the cell flanges at each end, covered with a rubber
sealing sheet and securely clamped to hold it in place protected from the atmosphere, before transporting to
the laboratory.

20.3.3.2 Trim the surfaces of the specimen level and reasonably flat.

20.3.3.3 Place the cell, fitted with plastics liner if needed and the appropriate cutting shoe, on the
levelled surface, cutting edge down.

20.3.3.4 With a sharp blade trim the soil a few centimetres ahead of the shoe to approximately 3 mm
larger than its internal diameter.

20.3.3.5 Push the cell downwards, keeping its axis vertical, so that the cutting shoe pares away the
outer 1.5 mm or so of the soil.

NOTE

1. For soft soils the weight of a 250 mm cell alone might be enough to advance it downwards. For stiff soils,
pre-trimming might be necessary so less force is required to remove excess material. A spirit level on the
uppermost flange provides a guide to prevent tilting.

2. Correct alignment is easier to maintain if the apparatus referred to in 20.2.4.2.5 is used.

20.3.3.6 Continue 20.3.3.4 and 20.3.3.5 until the cell is completely filled, with a few millimetres surplus
projecting at the top.

20.3.3.7 Lift off the cell with specimen, underpinning it with spatulas, take off the cutting shoe, and
complete the trimming as in 20.3.2.7 to 20.3.2.14.

20.3.3.8 Assemble the cell top in accordance with 20.4.

20.3.4 Preparation of soil for compacted specimens
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20.3.4.1 Soil for compaction into a large consolidation cell shall be prepared as described in 20.3.4.2
to 20.3.4.5.

20.3.4.2 Remove any particles larger than one-sixth of the height of the specimen to be tested, by
passing the soil through the appropriate sieve if necessary.

20.3.4.3 Bring the soil to the desired water content by thoroughly mixing with the appropriate amount
of water, allowing for evaporation loss.

20.3.4.4 Take at least two representative specimens for determination of the water content.

20.3.4.5 Place the prepared soil in a sealed container, weigh to an accuracy of 0.1% and store for at
least 24 h before use.

20.3.5 Compaction by specified compactive effort

20.3.5.1 The prepared and weighed soil is compacted into the cell and made ready for test, as described
in 20.3.5.2 t0 20.3.5.14.

20.3.5.2 Attach the cell base to the body. The cell is first fitted with a peripheral drain, if appropriate; the
drainage material shall not be greased.

20.3.5.3 Close the valves between the cell and the pore pressure measuring system.
20.3.5.4 Place the cell assembly on a solid base, e.g. a concrete floor or plinth.

20.3.5.5 Place a quantity of prepared soil in the cell such that, when compacted, it occupies a little over
one- half or one-third or one-fifth of the final specimen height, depending on the number of layers used.

20.3.5.6 Apply the requisite compactive effort equivalent to 2.5 kg compaction or 4.5 kg compaction
(see 11.3 and 11.5).

NOTE

The method of compaction depends on the type of soil and the relevant conditions. Trial tests using different
degrees of compaction might be necessary to achieve a uniform specimen of the required density.

20.3.5.7 Repeat 20.3.5.5 and 20.3.5.6 the appropriate humber of times to produce a specimen of the
required height.

20.3.5.8 Trim the top face of the compacted specimen to form a flat level surface, using a gauged depth
trimming tool. Avoid tearing out hard particles. Return the trimmings to the remains of the prepared
sample and weigh the total remains to an accuracy of 0.1%.

20.3.5.9 Determine the mass of soil used in the specimen by difference.

20.3.5.10 Determine the height of the specimen (Ho) to the nearest 0.1 mm by measuring down to the
trimmed surface from the top of the cell body.

20.3.5.11 Take representative specimens from the remaining soil for determination of water content in
accordance with BCDC 13 (1864)/BS EN ISO 17892-1.

20.3.5.12 If the sail is susceptible to swelling or is sensitive to a water content change, it shall not be
covered with water. If the swelling pressure is to be determined, the procedure in 20.5.1.1 shall be
followed by allowing water to percolate up from the base.

20.3.5.13 Seal the specimen and allow it to stand for at least 24 h before starting a test, to enable
excess pore pressures to dissipate.

20.3.5.14 Assemble the cell top in accordance with 20.4.
20.3.6 Compaction to a specified density

20.3.6.1 The procedure is similar to that given in 20.3.5 but is modified, as described in 20.3.6.2 to
20.3.6.7.

20.3.6.2 Assemble and connect the celt body and base as in 20.3.5.2 and 20.3.5.3.

20.3.6.3 Calculate the mass of soil required to form a specimen of the desired height and volume from
the specified density.

20.3.6.4 Weigh out this mass of soil from the prepared specimen.

20.3.6.5 Compact the soil into the cell in layers, using a controlled degree of compaction. so that it forms
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a homogeneous specimen of the desired height (see Note to 20.3.5.6).
20.3.6.6 Trim, measure and prepare the specimen as in 20.3.5.8 to 20.3.5.13.

NOTE

The final measurements give the actual specimen dimensions and density, which might differ slightly from
the desired values.

20.3.6.7 Assemble the cell top in accordance with 20.4.
20.3.7 Preparation of specimen under static pressure

20.3.7.1 A specimen is prepared in the consolidation cell by static compression to give a specified dry
density, as described in 20.3.7.2 to 20.3.7.12.

20.3.7.2 Attach the cell base, prepared as in 20.2.6.6 to the body. First fit the cell with a peripheral drain,
if appropriate; the drainage material shall not be greased.

20.3.7.3 Close the valves between the cell and the pore pressure measuring system.

20.3.7.4 Place a weighed quantity of soil corresponding to one layer into the cell and spread it evenly,
using a tamping rod, if appropriate.

20.3.7.5 Place suitable spacer blocks on the soil and apply a static load until the required height of soil
is formed.

NOTE

The method used for compression depends on the type of soil and the relevant conditions. Trial tests using
different amounts of soil and compression loads might be necessary to achieve a uniform specimen of the
required density.

20.3.7.6 Repeat 20.3.7.4 and 20.3.7.5 for succeeding layers until the specimen is of the required height.

20.3.7.7 Level the surface of the specimen as in 20.3.5.8 and weigh any soil removed. Determine the
mass of specimen by difference.

20.3.7.8 Verify the height of the specimen (Ho) to the nearest 0.1 mm by measuring down to the trimmed
surface from the top of the cell body.

20.3.7.9 Take representative specimens from the remaining soil for determination of water content in
accordance with BCDC 13 (1864)/BS EN ISO 17892-1.

20.3.7.10 If the soil is susceptible to swelling or is sensitive to a water content change, it shall not be
covered with water. If the swelling pressure is to be determined, the procedure in 20.5.1.1 shall be
followed by allowing water to percolate up from the base.

20.3.7.11 Seal the specimen and allow it to stand for at least 24 h before starting a test, to enable
excess pore pressures to dissipate.

20.3.7.12 Assemble the cell top in accordance with 20.4.
20.4 Cell assembly
20.4.1 General

Before the cell can be finally assembled the operations given in one of 20.4.2 to 20.4.5 shall be carried
out, depending on the type of test to be performed.

NOTE

These operations follow on from the preparation of the specimen (see 20.3) and relate to 20.5 to 20.8,
respectively.

In all cases the cell cover is then fitted as in 20.4.6 and initial observations are made and recorded, as
described in 20.4.7.

20.4.2 Consolidation with vertical drainage and pore pressure measurement

20.4.2.1 "Free strain" loading

20.4.2.1.1 Place a saturated flexible porous disc centrally on the surface of the specimen, without
entrapping air.

20.4.2.1.2 The rim drain valve shall remain closed.
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NOTE

Pore pressure and drainage connection are as shown in Figure 22.

20.4.2.1.3 Cover the specimen and porous disc with de-aerated water, as appropriate.
20.4.2.2 "Equal strain" loading

20.4.2.2.1 Place a porous disc on top of the specimen, followed by the rigid loading plate. Avoid
entrapping air. The central hole of the plate shall align with the hole in the drainage spindle.

20.4.2.2.2 Pore pressure and drainage connections shall be in accordance with 20.4.2.1.
20.4.2.2.3 Cover the specimen and porous disc with de-aerated water, if appropriate.
20.4.3 Consolidation with two-way vertical drainage

20.4.3.1 The procedure is similar to that given in 20.4.2.2, with the variations given in 20.4.3.2 to
20.4.3.6.

20.4.3.2 Before transferring the specimen to the cell base (see 20.3.2.12), place a saturated porous
disc of the specimen diameter on the base, without entrapping air.

20.4.3.3 When tightening the cell body on to the base allow the thickness of the disc to displace the
specimen upwards.

20.4.3.4 Allow for the thickness of the disc when measuring the specimen height, and the mass of the
disc when weighing. Otherwise the setting-up procedure is the same as in 20.3.2, and 20.4.2.1 or
20.4.2.2.

20.4.3.5 Connect the flushing system valve (see Figure 22) to the same back pressure system as the
back pressure valve, which becomes the bottom drainage valve. The rim drain valve shall remain
closed.

NOTE

Pore pressures are not measured. The volume-change indicator measures the total volume of water draining
out of the specimen from both faces.

20.4.3.6 Cover the specimen and porous disc with de-aerated water, if appropriate.
20.4.4 Consolidation with outward radial drainage
20.4.4.1 The procedure is similar to that given in 20.4.2, with the variations given in 20.4.4.2 t0 20.4.4.6.

20.4.4.2 Fit a lining of porous plastics material against the cell wall, to act as a peripheral drain, before
inserting the specimen.

20.4.4.3 Place an impervious membrane, such as a disc of latex rubber, on the surface of the specimen
without entrapping air. For a "free strain" test the membrane shall be flexible.

20.4.4.4 For an "equal strain" test, place the circular metal plate on top of the membrane without
entrapping air and plug the central hole.

20.4.4.5 Connect the back pressure system to the rim drain valve [see Figure 23 a)], through which
drainage takes place. The back pressure valve is not used and remains closed, with the connection
between it and the end of the hollow stem filled with de-aerated water. Pore pressure is measured at
the centre of the base, as shown in Figure 23a).

20.4.4.6 Cover the specimen and porous disc with de-aerated water, if appropriate.
20.4.5 Consolidation with inward radial drainage

20.4.5.1 The procedure is similar to that given in 20.4.2 with the variations given in 20.4.5.2 t0 20.4.5.10
and set up according to Figure 23 b).

20.4.5.2 Pore pressure shall be measured at a point offset from the centre, usually 0.55 R from the
centre, where R is the radius of the specimen. The central point is used for drainage and the pore
pressure valve is connected to the back pressure system.

20.4.5.3 The back pressure valve and the rim drain valve are not used for consolidation, but the rim
drain valve is used to make connection with the porous periphery during a permeability stage, and
remain closed.
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20.4.5.4 Immediately after trimming the surface of the specimen, form a vertical hole in its centre by
using a suitable mandrel.

NOTE

The hole diameter should be as close as possible to 5% of the specimen diameter because the theoretical
analysis for calculation of the coefficient of consolidation,w, is based on a hole diameter ratio of 1:20.

20.4.5.5 Flush the hole with de-aerated water upwards from the central base port so that there is no
obstruction and no smeared material remaining on the porous insert.

20.4.5.6 Add clean de-aerated water to the hole to approximately two-thirds full.

20.4.5.7 Place the saturated sand (prepared as in 20.2.6.7.4) steadily into the hole through a tube, so
as to obtain a loose state of packing. Avoid jolting or vibrating the cell after placing.

20.4.5.8 When the hole is full, check that water drains freely through the sand and out through the pore
pressure valve, keeping the sand saturated. Trim the top surface of the specimen, if necessary, and
cover with de-aerated water, if appropriate.

20.4.5.9 For a "free strain" test, place an impervious flexible disc on top of the specimen without
entrapping air.

20.4.5.10 For an "equal strain” test, place the circular metal plate on top of the specimen without
entrapping air and plug the central hole.

20.4.6 Fitting the cell cover

20.4.6.1 After preparing the specimen for test in the cell, fit the cell cover to the cell body over a sink or
large tray, as described in 20.4.6.2 to 20.4.6.5.

20.4.6.2 Support the cell cover over the cell body and partly fill the diaphragm with water so that it can
be lowered into the cell without creasing. Allow displaced water to overflow from the top of the cell body
and seat the diaphragm on to the disc covering the specimen. Ensure that no air is trapped.

NOTE

For the large cells this operation is facilitated if the cell cover is temporarily supported while water is placed
in the diaphragm and then supported on spacer blocks on the cell body flange while the diaphragm is eased
into the cell.

20.4.6.3 Bolt the cell cover to the body, tightening the bolts evenly so that the flange of the diaphragm
is properly seated between them.

NOTE

When the specimen is not first covered with water because of its tendency to swell, air can be removed from
behind the diaphragm by applying suction to the rim drain valve after bolting on the top cover; but this
operation requires care to prevent disturbance to the specimen.

20.4.6.4 Fill the space above the diaphragm with water, displacing air through the air bleed, which
isconnected to a moderate vacuum to facilitate removal of all the air.

NOTE
A rubber squeeze bulb with a one-way valve can be a convenient way to apply vacuum.

20.4.6.5 Apply a small seating pressure, 1 (not exceeding 10 kPa), to the diaphragm. Open the rim
drain valve momentarily to release excess water from behind the diaphragm and to ensure that it
remains seated on the disc covering the specimen.

20.4.7 Final adjustments

20.4.7.1 The flushing system valve shall remain closed throughout the test, so as to isolate the pore
pressure transducer from the flushing system.

20.4.7.2 Secure the deformation indicator in position with the stem properly seated, allowing for a small
upward movement.

20.4.7.3 Record the compression gauge reading as the datum value corresponding to the diaphragm
seating pressure, i

20.4.7.4 Record the initial steady pore water pressure, 6 , corresponding to 1

20.4.7.5 From the diaphragm pressure calibration data ascertain the pressure, 1, applied to the
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specimen corresponding to the diaphragm seating pressure, 1

20.4.7.6 Set the back pressure system to the desired value, not less than 6 , keeping the appropriate
drainage line valve closed.

20.4.7.7 Record the reading of the volume-change indicator on the back pressure line when equilibrium
is established.

20.5 Procedure for consolidation test with one-way vertical drainage

COMMENTARY ON 20.5

This test allows for pore pressure to be measured at the bottom face of the specimen while drainage
takes place from the top face. The specimen is set up as described in 20.4.2 with either &frée straindor
"equal strain" loading. The procedure follows on from the adjustments and initial observations described
in 20.4.7 and consists of the following stages:

a) saturation and measurement of swelling pressure;

b) undrained loading (pore pressure build-up) (in a number of increments);

c) consolidation (pore pressure dissipation] (in a number of increments);

d) unloading; and

e) dismantling.

20.5.1 Saturation

COMMENTARY ON 20.5.1

The objective of the saturation stage is to ensure that all the voids are filled with water. This might be
achieved by raising the pore water pressure in the specimen to a level high enough for the water to
absorb into solution all the air originally in the voids. The degree of saturation is estimated by
determining the ratio] j1 , where] is the incremental change in pore pressure resulting from an
incremental change in vertical stress of | when no drainage is allowed (see 20.3.1.2. Note 2). The
criterion| j1 =0.95is usually accepted as an indication of sufficient saturation.

Values of the ratio] j| which can be expected when full saturation is reached or closely approached
depend on the stiffness of a clay soil. In certain stiff fissured clays, it might not be possible to obtain a
ratio of 0.95, and a value of 0.90 which remains unchanged after three successive increments of
diaphragm pressure and back pressure, as described in 20.5.1.2, is then considered acceptable.

20.5.1.1 Measurement of swelling pressure

A soil that is susceptible to swelling shall not be allowed free access to water without provision for
applying a vertical confining stress to prevent swell. Initial saturation is effected by allowing de-aerated
water to enter at the base and to percolate upwards, while observing the compression gauge.

NOTE 1

Pockets of air remaining between the diaphragm and the cell wall can be removed by the application of a
vacuum through the rim drain valve (see Figure 22), but this should be done with great care.

During the subsequent saturation stage, the effective vertical stress applied to the specimen shall not
at any time be less than the swelling pressure.

NOTE 2

The pressure differential between the vertical applied pressure and the base water pressure should be not

less than the swelling pressure, nor large enough to cause premature consolidation of soft soils. A differential
pressure of 10 kPa has been found to be suitable for many soils that are not susceptible to swelling.

20.5.1.2 Saturation procedure

20.5.1.2.1 Apply increments of diaphragm and back pressure alternately. The diaphragm pressure
increment stages shall be carried out without allowing drainage into or out of the specimen, which
enables values of the pore pressure ratio 1 j] to be determined at each level of total stress. The
procedure shall be carried out in accordance with 20.5.1.2.2 to 20.5.1.2.14.

20.5.1.2.2 Record the initial pore water pressure (6 ) as soon as it has reached a steady value after
applying the pressure on the specimen corresponding to the diaphragm seating pressure. Close the
back pressure valve (see Figure 22).

20.5.1.2.3 Increase the diaphragm pressure to give the required first stage pressure on the specimen

).
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NOTE

Cell pressure increments of 50 kPa for the first two stages, 50 kPa or 100 kPa thereafter, have been found to
be suitable for many soil types, provided that the desired effective consolidation pressure is greater than 100
kPa.

20.5.1.2.4 Observe the pore water pressure until it reaches a steady value (0 )

NOTE
A graphical plot of pore pressure reading against time can be made to verify when the steady state condition
is reached (see Note 2 of 20.3.1.2).

20.5.1.2.5 Calculate the value of ratio] j| using the formula:

20.5.1.2.6 If the deformation gauge indicates an upward movement, increase the seating pressure
applied to the diaphragm to hold the reading at the initial value. When conditions become steady, record
the diaphragm pressure.

NOTE

1. Considerably longer than 24 h might be needed to reach steady conditions in large specimens of low
permeability soils.

2. The difference between the corresponding vertical stress applied to the surface of the specimen and the
pressure of the water applied to the base can be reported as the fswelling pressureo .

20.5.1.2.7 Keeping the back pressure valve closed, increase the pressure in the back pressure line to
a value equal to the vertical pressure,, , less the selected differential pressure (see Note 2 to 20.5.1.1).
Record the reading of back pressure line volume-change indicator (0 ) when it reaches a steady value,
to allow for expansion of connecting lines.

20.5.1.2.8 Open the back pressure valve to admit the back pressure into the specimen.

20.5.1.2.9 Observe the pore pressure and the volume-change indicator readings. When the pore water
pressure becomes equal to the applied back pressure and the volume-change indicator shows that
movement of water into the specimen has virtually ceased, record these readings (6 and 0
respectively) and close the back pressure valve.

NOTE

Some considerable time might be needed before equilibrium is established.

20.5.1.2.10 Calculate the volume of water taken in by the specimen during this increment from the
difference between 0 and U .

20.5.1.2.11 Increase the diaphragm pressure by a further increment to give a pressure increase on the
specimen of| , Observe the resulting change in pore pressure| ‘ as in 20.5.1.2.3. When equilibrium
is established calculate the new value of{ §1

20.5.1.2.12 Repeat the operations described in 20.5.1.2.7 to 20.5.1.2.11 until the pore pressure ratio
1 9§91 .indicates that saturation is achieved.

20.5.1.2.13 The specimen is saturated when the value of] | ,is equal to or greater than 0.95, or such
other value appropriate to the soil type (see commentary on 20.5.1).

20.5.1.2.14 Calculate the total volume of water taken up by the specimen into the air voids by totaling
the differences obtained from 20.5.1.2.10.

NOTE

1. The volume of water taken up by the specimen from the back pressure line during saturation can be
compared with the volumetric swell measured by the vertical movement gauge. The former usually
exceeds the latter when air is initially present in the specimen voids.

2. Agraph of1 j1 ,against diaphragm pressure at the end of each increment, or against pore pressure
responses to cell pressure changes, may be plotted.

20.5.2 Undrained loading

COMMENTARY ON 20.5.2
Each increment of load is applied to the specimen with the drainage valve closed. The additional applied
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stress is carried by the consequent increase in pore water pressure which is monitored during this build-
up stage.

Initially the diaphragm pressure valve (see Figure 22) is open to the diaphragm pressure system, with
the pore pressure valve is open to enable the pore pressure to be observed. All other valves remain
closed during this stage. The procedure is as described in 20.5.2.1 to 20.5.2.5.

20.5.2.1 Record the initial readings of pore pressure, the compression gauge and the pressure applied
to the diaphragm.

20.5.2.2 Close the diaphragm pressure valve and set the diaphragm pressure line to the value needed
to give the desired vertical stress on the specimen, taking into account the diaphragm calibration (see
20.2.5.1).

20.5.2.3 Open the diaphragm pressure valve to admit the pressure to the diaphragm and at the same
instant start the timer.

20.5.2.4 Observe and record readings of the pore pressure transducer at suitable intervals of time for
plotting a curve of pore pressure build-up against time.

20.5.2.5 Open and close the rim drain valve to allow escape of excess water from behind the diaphragm
into a measuring cylinder.

NOTE

Clays of low permeability are unlikely to lose any pore water by consolidation during the 2 s or 3 s this valve
is open. Greater care is needed with soils of higher permeability, for which the valve should be opened only
momentarily. An alternative procedure is to drain the surplus water into the back pressure system by
momentarily opening the valve and allowing for the volume thus removed.

20.5.2.6 The stage is complete when the pressure becomes steady (see Note). Record the final pore
pressure reading and the compression gauge reading.

NOTE

If the specimen is saturated, the increase in pore pressure should almost equal the pressure increment
applied to the specimen.

20.5.3 Consolidation (drained stage)

20.5.3.1 Consolidation is effected by opening the drainage valve, which allows water to drain from the
specimen while the applied stress is transferred to the soil "skeleton”, i.e. the effective stress increases.
Pore pressure changes, volume changes and settlement are monitored.

20.5.3.2 Record the diaphragm pressure and back pressure, the initial readings of pore pressure, the
compression gauge and the volume-change indicator corresponding to zero time.

20.5.3.3 Open the back pressure valve, thus permitting drainage and at the same instant start the timer.

20.5.3.4 Record readings of pore pressure, the compression gauge and the volume-change indicator
at suitable intervals of time after opening the drainage valve. For tests that continue beyond 24 h,
additional readings shall be recorded at approximately 28 hand 32 h from the start and thereafter, at
least twice a day, morning and evening.

NOTE

Intervals of O, ¥4, Y2, 1, 2, 4, 8, 15, 30, 60 min; 2, 4, 8, 24 h, are convenient for plotting on a log time base.
Alternatively, intervals of 0, ¥4, %2, 1, 2¥4, 4, 9, 16, 25, 36, 49, 64 min; 1%, 2, 4, 8, 24 h are more convenient
for a square-root time plot.

20.5.3.5 Hold the applied pressure constant until the pore pressure dissipation (calculated as in
20.5.7.2) reaches at least 95% (see Note 2).

NOTE

1. Pore pressure dissipation of 100% represents the end of primary consolidation (see Note 3).

2. If this requirement would result in a test of excessively long duration, an alternative criterion may be
acceptable. The load sta9e should be extended to give as close to 100% dissipation as practicable.

3. If the coefficient of secondary compression is to be determined, the loadin9 sta9e should be continued
beyond 100 % dissipation. Further readings of settlement are then observed until the slope of the linear
l09 time/ settlement plot is defined (see BCDC 13 (1890)/BS EN I1SO 17892-5:2017, B.5.3).

20.5.3.6 Close the back pressure valve to terminate the load stage. Record the final readings of pore
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pressure, settlement gauge and volume-change indicator.

20.5.3.7 Increase the diaphragm pressure to give the next vertical stress on the specimen, as described
in 20.5.2.1 to 20.5.2.5.
NOTE

The sequence of loading should normally be such that the pressure increment is equal to the pressure already
applied, i.e. a pressure increment ratio of 1. The sequence might differ from this to represent field conditions,
but it is desirable to maintain a constant pressure ratio in order to obtain consistent values of this coefficient
of consolidation.

20.5.3.8 Allow consolidation as in 20.5.3.1 to 20.5.3.6.
20.5.3.9 Repeat 20.5.3.7 and 20.5.3.8 for each value of applied stress in the desired loading sequence.

NOTE

The number of loading stages should be not less than four and should be enough to define the voids ratio/
log pressure curve over a range of effective stress exceeding that occurs in situ due to overburden and the
proposed construction.

20.5.4 Unloading

20.5.4.1 After completing the consolidation stage under the maximum applied pressure, record the final
readings and close the back pressure valve.

20.5.4.2 Unload the specimen in a sequence of decrements of diaphragm pressure (see Note 2), similar
in principle to the procedures described in 20.5.2 and 20.5.3.
NOTE

1. However, in each undrained stage, the pore pressure decreases to a steady value and in each drained
stage, the specimen swells and takes in water from the drainage line until the pore pressure virtually
equalizes with the back pressure.

2.  The number of stress decrements should not normally be less than half the number of stress increments
applied, and a constant unloading stress ratio should be used. The final unloading should be to a stress
equal to the initial seating pressure.

20.5.4.3 When equilibrium is established at an applied stress equal to the initial seating pressure, record
the readings of pore pressure, compression gauge and volume-change indicator and close the pore
pressure valve and the back pressure valve.

20.5.5 Dismantling and final measurements

20.5.5.1 Open the back pressure valve and the rim drain valve to the atmosphere to allow surplus water
to escape, reduce the diaphragm pressure to zero and remove the cell top and drainage disc (and
loading plate if used). Remove any free water from the specimen surface.

20.5.5.2 Using a straightedge placed across the top edge of the cell body, measure down to the surface
of the specimen at several points using a steel rule or depth gauge to an accuracy of 0.5% to obtain a
surface profile, from which the final volume of the specimen can be calculated.

20.5.5.3 Weigh the specimen in the cell body to an accuracy of 0.1%.

20.5.5.4 Remove the specimen from the cell and take representative portions from two or more points
for determination of final water content.

20.5.5.5 Break open a representative portion of the specimen on a vertical line for detailed examination
and description of the soil. Record details of the soil fabric by sketches and, if required, by colour
photographs.

20.5.6 Graphical plots
20.5.6.1 Loading stage
Plot the following graphs for each loading stage:

a) pore pressure against logarithmic time for each undrained loading phase;

b) settlement and volume-change against log time, or against square-root time, or both, during
consolidation; and

c) pore pressure dissipation, expressed as a percentage and derived as in 20.5.7.2 against log time.
Settlement and volume changes shall be plotted as cumulative values, each related to the reading
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under the initial seating load as datum.
20.5.6.2 Unloading stage

Plot the following graphs for each unloading stage:

a) pore pressure against logarithmic time for each undrained stage;

b) swell and volume change against log time or square-root time during the swelling phase; and
C) percentage pore pressure equalization against log time.

NOTE

The same axes as used for consolidation can be used for the graph in item b).

20.5.6.3 End of test

Plot the voids ratio at the end of each drained loading or unloading stage (calculated as described in
20.5.7.3), if required, as ordinates against applied effective stress on a logarithmic scale as the abscissa
(the ellog, curve).

NOTE

Values of the coefficient of consolidation, &, (calculated as described in 20.5.7.5), can also be plotted against
log, *

20.5.7 Calculations and analysis of data
20.5.7.1 Initial specimen data

20.5.7.1.1 Calculate the initial bulk density of the specimen, (in Mg/m?), from its initial measurements
and mass.

20.5.7.1.2 Using the initial water content, 0 (%), determined from trimmings, calculate the initial dry
density, (in Mg/m3), using the formula:

p 't
p U

20.5.7.1.3 Calculate the initial voids ratio (Q) if required using the formula:

Q — o

where
” is the particle density of the soil (measured or assumed) (in Mg/m3).

20.5.7.1.4 Calculate the initial degree of saturation, Y (%), if required, using the formula:
W 0

Y a9

where:

" =1.0 Mg/m?

20.5.7.2 Pore pressure dissipation

From every set of readings taken during each consolidation and swelling phase, calculate the
percentage pore pressure dissipation, U (%), using the formula:

« 0

Y 5 6 p T

where:

0 is the pore pressure at the start of the consolidation phase (in kPa);
0 is the pore pressure at the end of primary consolidation (in kPa); and
0 is the measured pore pressure at any intermediate instant (in kPa).

Plot pore pressure dissipation ("Y) against log time (in min).
20.5.7.3 Voids ratio (if required)

For tests with "equal strain" loading, changes in voids ratio can be related to changes in vertical
settlement using the formula:
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YQ —0 YO
where:

yQ is the cumulative change in voids ratio at the end of the consolidation phase from the initial
value Q;

O is the initial height of the specimen (in mm); and

YO is the cumulative change in height of the specimen at the end of a consolidation phase from
the initial height (in mm).

The voids ratio (e) at the end of the consolidation phase is calculated using the formula:

Q Q Yo

20.5.7.3.1 For tests with "free strain" loading (and optionally for "equal strain" loading), changes in voids
ratio shall be calculated from measured volume of water draining out of the specimen using the formula:

o Q o
vo 2= v
w

where:

Q is as defined in 20.5.7.1.3;

YO is as defined in 20.5.7.3.1;

@ is the initial volume of the specimen (in cm?3); and

Yo is the cumulative change in volume of the specimen from the initial volume, assumed equal to

the cumulative volume of water (in cm?3) that has drained out of the specimen due to consolidation only,
up to the end of a consolidation phase.

NOTE

This method is likely to be less accurate than that given in 20.5.7.3.1.

The voids ratio (e) at the end of the consolidation phase is calculated using the formula:

Q Q YQ

20.5.7.3.2 For each consolidation phase calculate the incremental change of voids ratio, | ‘@sing the
formula:

17 QQ Q

where:

Q is the voids ratio at the beginning of the consolidation phase; and
Q is the voids ratio at the end of that phase.

20.5.7.4 Compressibility

20.5.7.4.1 For tests with "equal strain" loading, calculate the coefficient of volume compressibility, & (in
m2/MN), using the formula:

YO YO opnnm
"O ylo ” ”
where:

YO is the cumulative change in height of the specimen up the start of the undrained loading stage
immediately before the consolidation stage being considered (in mm);

G

YO is the cumulative change in height of the specimen up to the end of the consolidation stage
being considered (in mm);
O is the initial height of the specimen (in mm);

” is the effective pressure applied to the specimen at the start of the consolidation stage being
considered (in kPa); and

” is the effective pressure applied to the specimen for the consolidation stage considered (in
kPa).

20.5.7.4.2 For tests with “free strain” loading, calculate the coefficient of volume compressibility, & (in
m?/MN) for each consolidation stage using the formula:
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© Yo o,

where:

Yoo is the cumulative change in volume of the specimen from the initial volume up to the start of the
undrained loading stage immediately before the consolidation stage being considered (in cmS3);

Yo is the cumulative change in volume of the specimen from the initial volume up to the end of the
consolidation stage considered (in cms3);

® is the initial volume of the specimen (in cm3);

” is the effective pressure applied to the specimen at the start of the consolidation stage being
considered (in kPa); and

” is the effective pressure applied to the specimen for the consolidation stage considered (in
kPa).
20.5.7.5 Coefficient of consolidation

COMMENTARY ON 20.5.7.5

The coefficient of consolidation, & can be evaluated by using three empirical methods:
Method (a): from the pore pressure dissipation relationship;

Method (b): curve fitting using the plot of settlement against log time; and

Method (c): curve fitting using the plot of settlement against square-root time.

Since the specimen is fully saturated, similar curves based on the measured volume change, instead
of settlement, can be used. Method (a) is based on pore pressure readings at a central point, whereas
method (b) and method (c) depend on the "mean" behaviour of the whole specimen. The theoretical
time factors used for calculating c. are different for the two types of measurement. Method (a) is
preferred because it uses a value taken directly from the graph. The time factors are identical for "free
strain" and "equal strain" loading.

20.5.7.5.1 Method (a): Pore pressure dissipation

From the graph of pore pressure dissipation against log time for each loading stage, read off the time
tso (in min) corresponding to a dissipation of 50%. Calculate A . (in m2/year) using the formula:

~ & O
W :
0
where:
H is ¥2 (HitH>2)
Ha is the height of specimen at the start of the consolidation stage (in mm); and
H> is the height of specimen at the end of the consolidation stage (in mm).

20.5.7.5.2 Method (b): Log time curve fitting

On the initial (convex upwards) portion of the plot of settlement against log time, locate the theoretical
zero point (denoted by do ) as follows (see Figure 25):

NOTE
In a test with fequal straing either the volume change or the vertical compression graph can be used.
a) mark off the difference in ordinates between any two points having times in the ratio of 1:4 and lay

off an equal distance above the upper point. Repeat for two other points with times in the same
ratio. The ordinate of the mean of the points so derived represents do;
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Cumulative measured volume change, cm’®
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Figure 25 - Derivation of tso from log time curves

NOTE

Because undrained loading can be applied, initial bedding effects are largely eliminated and the zero-point

derived in this way should be very close to the initial reading for the drained stage.

b) draw the tangent at the point of inflection, i.e. where the slope is steepest, of the curve and the
tangent to the final linear portion. The point of intersection of these tangents represents theoretical
100% primary consolidation (the digo point). Alternatively, take the digo point corresponding to the
time of 100% pore pressure dissipation if that value is reached; and

c) locate the point of theoretical 50% primary consolidation (dso) by interpolation and read off the
corresponding time tso (in min). Calculate the coefficient of consolidation, w (in m2/year) using the
formula:

~ TP 10

W 3

0

where:
O is the average thickness of specimen during the load increment (in mm) as in 20.5.7.5.1.

20.5.7.5.3 Method (c): Square-root time curve fitting (see 20.5.7.5.2, Note 2)

On the plot of settlement against square-root time (see Figure 26) for each loading stage, draw the
straight line which best fits the approximately linear early portion (within about the first 50% primary
consolidation) and extend it to intersect the ordinate of zero time. This intersection represents the
theoretical zero point denoted by do.

Draw a straight line through this point on which at all points abscissae are 1.15 times greater than those
of the best fit line. The intersection of this line with the curve drawn through the plotted test data
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represents theoretical 90% primary consolidation, denoted by dgo. By proportion, obtain the abscissae
representing 100% and 50% theoretical primary consolidation (di0o and dso) and read off the value o
from the graph.

Calculate the coefficient of consolidation, & (in m?/year), from the same formula as in method (b).
Alternatively, read off the value of 6 from the graph and calculate ¢ using the formula:

» T8 1Q
w EECa—
[0}
NOTE
A generalized form of the plot is shown in Figure 26, in which for this type of test, m = 1.15 and n = 0.5.
n n Y|
0 (ts0) (90) (t min)
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Figure 26 - Derivation of tso and teo from power function curves
20.5.7.5.4 Temperature correction

If the average laboratory temperature during a consolidation stage differs by more than £2 °C from 20
°C, the derived value of & shall be corrected to the 20 °C value by multiplying the appropriate correction
factor obtained from Figure 27.

NOTE

The temperature correction is given here to enable results from tests carried out at different temperatures to
be compared. The accuracy of w values derived by these methods does not justify the use of temperature
corrections to correlate with in-situ conditions.
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Figure 27 - Temperature correction curve
20.5.7.6 Coefficient of secondary compression

NOTE

The coefficient of secondary compression, if required, is derived from the laboratory logarithm of time curve,
as described in 20.5.7.6.1 to 20.5.7.6.4.

20.5.7.6.1 Extend the linear portion of the secondary compression portion of the curve (see Figure 25)
so that it covers one complete cycle of log time.

NOTE
It might be necessary to prolong the duration of the load increment to establish a linear relationship.

20.5.7.6.2 Read off the compression gauge readings at the beginning and end of the cycle, e.g. at 1000
min and 10000 min, and calculate the difference, 1 "O. (in mm), between them.

20.5.7.6.3 Calculate the coefficient of secondary compression,6 ,using the formula:
1 0
0
where:
O is the initial height of the specimen.
20.5.7.6.4 Repeat 20.5.7.6.1 to 20.5.7.6.3 for each of the applied loading stages.
20.5.8 Test report

The test report shall affirm that the test was carried out in accordance with 20.5 and contain the following
information, in addition to the relevant information listed in BCDC 13 (2045), Clause 10:

a) a statement that a hydraulic consolidation cell was used, and its nominal diameter;

b) remarks on the condition and quality of the sample;
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c) remarks on any difficulties experienced during specimen preparation;

d) the initial dimensions of specimen;

e) the initial water content, bulk density and dry density;

f) the particle density, indicating whether measured or assumed,;

g) the initial voids ratio and degree of saturation, if required;

h) the type of loading ("free strain" or "equal strain") and drainage conditions;

i) a statement that drainage took place from the top of the specimen with pore water pressure
measurement at the centre of the base;

j) the swelling pressure (to two significant figures) (if applicable);

k) the method used for saturating the specimen, if applicable, including pressure increments applied
and differential pressure;

[) the volume of water taken into the specimen during saturation;
m) the diaphragm pressure, pore pressure and value of ratio| ¢] ,atthe end of the saturation stage;
n) tabulated data for each loading stage, comprising:

1) back pressure used;

2) diaphragm pressure;

3) effective stress at termination of consolidation stage;

4) settlement and pore pressure increase due to undrained loading;

5) voids ratio (if required) and percentage dissipation of pore pressure at the end of consolidation;
and

6) values of the coefficient & , and & (to two significant figures):
0) the method used for deriving &:
p) plotted curves for each consolidation stage, comprising:
1) pore pressure dissipation (%) against log time; and
2) volume change and settlement against log time or square-root time;

g) curve of voids ratio or vertical compression as ordinate against effective stress at the end of each
consolidation or swelling stage, to a log scale, as abscissa;

r) the final density and overall water content of specimen;

s) water contents representing specified zones or layers (identified by a sketch) within the specimen,
where appropriate;

t) colour photographs illustrating features of the soil fabric (if required); and
u) the in-situ total and effective stresses at the depth from which the sample was taken, if known.
20.6 Procedure for consolidation test with two-way vertical drainage

COMMENTARY ON 20.6

In this test, drainage takes place from both the top and bottom faces of the specimen, however, pore
water pressure is hot measured. The top and bottom drainage valves are both connected to the back
pressure system. The test specimen is prepared as described in 20.4.3, with either fi f ersteain” or "equal
strain”" loading, the latter giving conditions equivalent to those of the oedometer consolidation test
described in Clause 16. The test stages are the same as those listed in 20.5, Procedures are similar to
those described in 20.5.1 to 20.5.8, with the variations given in 20.6.1. to 20.6.7.

20.6.1 Saturation
Apply saturation as described in 20.5.1.
20.6.2 Undrained loading

When a load increment is applied by increasing the diaphragm pressure, leave the bottom drainage
valve and the back pressure valve (Figure 22.) closed so that pore water pressure build-up can be
observed and recorded as described in 20.5.1.

20.6.3 Consolidation (drained stage)

Effect consolidation by opening both the top and bottom drainage valves at the same time as the timer
is started. Proceed as in 20.5.3 except that pore pressure changes cannot be observed.
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During each stage of consolidation, plot curves of vertical compression or volume change or both
against log time and square-root time. Continue consolidation until the curves indicate that at least 95%
primary consolidation has been achieved. Terminate a stage by closing both drainage valves.

Apply further increments of load as described in 20.5.3.9.
20.6.4 Unloading

Unload the specimen in decrements, as described in 20.5.4, except that pore water pressure can be
observed only during the undrained unloading stage. Judge the equilibrium condition at the end of a
drained swelling stage from volume-change readings of water entering the specimen.

20.6.5 Dismantling and final measurements

Proceed as in 20.5.5.

NOTE

In 20.5.5.1 drainage of excess water should take place.

20.6.6 Graphical plots

20.6.6.1 During each loading stage. Proceed as in 20.5.6.1, except that item c) is not applicable.
20.6.6.2 During each unloading stage. Proceed as in 20.5.6.2, except that item c) is not applicable.
20.6.6.3 End of test. Proceed as in 20.5.6.3.

20.6.7 Calculations and analysis of data

20.6.7.1 Calculations

Carry out calculations in accordance with 20.5.7.1 and 20.5.7.3 to 20.5.7.6. In calculating values of ¢
(see 20.5.7.5), use only methods (b) or (c) with the modifications in 20.6.7.2 and 20.6.7.3, where
applicable.

NOTE

The theoretical time factors are identical for "free strain" and "equal strain" loading.

20.6.7.2 Method (b): Log time curve fitting

Calculate & using the formula:
~  TBICQ
w I a—
0
20.6.7.3 Method (c): Square-root time curve fitting

Calculate & from 6 as in method (b) (see 20.6.7.2), or from 0 using the formula:
- T PP
W B —
0
20.6.7.4 Temperature correction
Apply a temperature correction to the calculated value of @, if appropriate, as in 20.5.7.5.4:
20.6.8 Test report

The test report shall affirm that the test was carried out in accordance with 20.6 and include the
information as listed in 20.5.8, except for data relating to pore pressure measurements.

20.7 Procedure for consolidation test with drainage radially outwards

COMMENTARY ON 20.7

In this test, drainage takes place to the curved periphery of the specimen, i.e. the drainage path in the
specimen is horizontal, radially outwards. Pore-water pressure is measured at the centre of the bottom
face, it is assumed that at any instant the pore water pressure distribution along any vertical line is
uniform.

The test specimen is prepared as described in 20.3, with a drainage layer of porous plastic material
fitted to the cell wall. The cell is assembled as described in 20.4.4 with either "free strain” or "equal
strain" loading. Connections to the cell are as shown in Figure 22. The drainage line is controlled by the
rim drain valve. The line between the specimen surface and the back pressure valve is completely filled
with de-aerated water, and this valve then remains closed.
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20.7.1 Saturation

Carry out the saturation procedure as described in 20.5.1.2 except that the back pressure is applied
through the rim drain valve (see Note 2 of 20.3.1.2).

20.7.2 Undrained loading

Apply increments of loading and observe the build-up of pore water pressure, as in 20.5.2. In 20.5.2.5,
excess water can be allowed to escape from behind the diaphragm by momentarily opening the rim
drain valve and measuring the volume of water thus removed so that it is not included in the drainage
measurements.

NOTE

In laminated soils, true pore pressure equilibrium might take longer than is apparent, as indicated in Note 2
of 20.3.1.2.

20.7.3 Consolidation (drained stage)

Initiate consolidation by opening the rim drain valve. Otherwise proceed and record data as in 20.5.3
for each stage of consolidation.

NOTE

With laminated soils, consolidation of less permeable layers might continue after the observed pore water
pressure indicates 100% dissipation. The duration of consolidation can then be monitored only by observation
of settlement and volume-change readings.

20.7.4 Unloading

Carry out decremental unloading as in 20.5.4 except that the rim drain valve is used instead of the back
pressure valve.

20.7.5 Dismantling and final measurements
Proceed as in 20.5.5.

20.7.6 Graphical plots

20.7.6.1 Loading stage

Plot graphs for each loading stage as described in 20.5.6.1, except for the square-root time method of
item b) when "free strain" loading is used. In this case, plot settliement and volume change against 0 &
instead of 0 &, where t is the elapsed time in minutes from the start of each consolidation stage.

20.7.6.2 Unloading stage

Plot graphs for each unloading stage as in 20.5.6.2, except for item b) when "free strain" loading is
used. In this case 6 8 shall be used instead of 0 8.

20.7.6.3 End of test

Proceed as in 20.5.6.3.

20.7.7 Calculations and analysis of data
20.7.7.1 General

Carry out calculations of initial specimen data, pore pressure dissipation, voids ratios and coefficient of
volume compressibility as in 20.5.7.1 to 20.5.7.4.
NOTE

The coefficient of consolidation,& can be evaluated by methods similar in principle to those described in
20.5.7.5. However, details depend on the type of plot and whether "equal strain" or "free strain" loading was
applied. Variations to take account of these differences are indicated in 20.7.7.2 to 20.7.7.5.

20.7.7.2 Method (a): Pore pressure dissipation
Calculate G, (m?/year) using one of the following formulas, as applicable:
a) "free strain" loading:
. TBIC@
w —_—
0
b) equal strain" loading:
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. T8 ('O
W —
0
where:
0 is the time corresponding to a pore-water pressure dissipation of 50 % (min); and
(6] is the specimen diameter (mm).

20.7.7.3 Method (b): Log time curve fitting

Calculate & (m?2 /year) using one of the following formulas, as applicable:
a) "free strain" loading;
. 18T T DO
0 —
o

b) "equal strain” loading;
T3 PP

0

-

20.7.7.4 Method (c): "Free strain” loading (special power curve fitting)

From the graph of volume change against 68 obtain the point corresponding to zero theoretical
primary consolidation (represented by Q) in the same way as in 20.5.7.5.3. Draw the straight line
through the 'Q point which at all points has abscissae 1.22 times greater than those of the best fit line.
The intersection of this line with the experimental curve represents theoretical 90% consolidation (Q ).
Read off the valuesof 6 2 and 6 © fromthe graph asin 20.5.7.5.3.
NOTE
The procedure is illustrated in Figure 26 where for this type of test m = 1.22 and n = 0.465.
Calculate the value of & (m?/year) using either of the formulas:
. T8t T DO
0w —
o
or
- T
w I a—
0
20.7.7.5 Method (d): "Equal strain" loading (square-root time curve fitting)
Derive 0 and 0 asin 20.5.7.5 using square-root time as the abscissa for the plot, except that the line
drawn through the 'Q point has abscissae 1.17 (instead of 1.15) times those of the best fit line.
NOTE
In Figure 27 for this type of test m = 1.17 and n = 0.5.
Calculate & , (m3/year) using either of the formulas:
20.7.7.6 Temperature correction
A temperature correction shall be applied to the calculated value of & |, if appropriate, as in 20.5.7.5.4.
20.7.8 Test report
The test report shall affirm that the test was carried out in accordance with 20.7 and contain the following
information, in addition to the relevant information listed in BCDC 13 (2045), Clause 10:
a) a statement that a hydraulic consolidation cell was used, including its nominal diameter;
b) remarks on the condition and quality of the specimen;
c) remarks on any difficulties experienced during specimen preparation;
d) the initial dimensions of specimen;
e) the initial water content, bulk density and dry density;
f) the particle density, indicating whether measured or assumed,;
g) the initial voids ratio and degree of saturation, if required;

h) the type of loading ("free strain" or "equal strain") and drainage conditions, indicating thickness of
the peripheral drainage material;
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i) a statement that drainage took place from the periphery of the specimen with pore water pressure
measurement at the base and the location of the pore pressure measurement point;

i) the swelling pressure (to two significant figures), if applicable;

k) the method used for saturating the specimen, if applicable, including pressure increments applied
and differential pressure;

[) the volume of water taken into the specimen during saturation;

m) the diaphragm pressure, pore pressure and value of pore pressure ratio Su/So at the end of the
saturation stage;

n) tabulated data for each loading stage, comprising:
1) back pressure used,;
2) diaphragm pressure;
3) effective stress at termination of consolidation stage;
4) settlement and pore pressure increase due to undrained loading;

5) voids ratio, if required, and percentage dissipation of pore pressure at the end of consolidation;
and

6) values of the coefficient & .and & (to two significant figures);
0) the method used for deriving & ;
p) plotted curves for each consolidation stage, comprising:
1) pore pressure dissipation (%) against log time;
2) volume change and settlement against log time or time raised to the power of 0.5 or 0.465, as
appropriate; and
3) curve of voids ratio or vertical compression as ordinate against effective stress at the end of
each consolidation or swelling stage, to a log scale, as abscissa;
q) final density and overall water content of specimen;
r) water contents representing specified zones or layers (identified by a sketch) within the specimen,
where appropriate;
s) colour photographs illustrating features of the soil fabric (if required); and
t) the in-situ total and effective stresses at the depth from which the specimen was taken if known.

20.8 Procedure for consolidation test with drainage radially inwards

COMMENTARY ON 20.8

In this test, drainage takes place to a central drainage well of fine sand or other suitable material of high
permeability relative to the specimen. The drainage path is horizontal, radially inwards. Pore-water
pressure can be measured at one or more points offset from centre, usually at one point spaced at 0.55
R from the centre (where R is the specimen radius). it is assumed that the pore water pressure
distribution along any vertical line is uniform.

The test specimen is prepared by one of the methods described in 20.3, The central drainage well is
formed and installed, and the specimen is made ready, as described in 20.4.5 The cell cover is fitted
asin 20.4.6.

The pore pressure transducer is connected to an off-centre pore pressure measuring port in the cell
base. Drainage takes place from the central base drainage port which is connected to the back pressure
system as described in 20.5.4.3 The other lines from the specimen are completely filled with de-aerated
water, and their valves remain closed.

20.8.1 Saturation

Carry out the saturation procedures as described in 20.5.1, except that the back pressure is applied
through the central base drainage port.
NOTE

The time required to achieve saturation of the whole specimen is greater than indicated by pore pressure
readings at the point 0.55 R from the centre. This is in addition to the longer period required/or saturation of
the less permeable zones of laminated soils (see 20.3.1.2 Note 2).

20.8.2 Undrained loading

Apply increments of loading and observe the build-up of pore water pressure as in 20.5.2, except that
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pore water pressure is measurement off-centre.
20.8.3 Consolidation (drained stage)

Initiate consolidation by opening the central base drainage valve. Measure pore water pressure offset
from centre. Otherwise proceed and record data as described in 20.5.3 for each stage of consolidation.

NOTE

With laminated soils, consolidation of the less permeable layers might continue after observed pore water
pressure indicates .100% dissipation. In addition, the excess pore water pressure at the periphery always
exceeds that measured at the usual offset point (0.55 R). Additional measurements of pore water pressure at
0.1 R and 0.9 R from the centre, where possible, would enable a better distribution of pore water pressure to
be obtained.

20.8.4 Unloading

Carry out decremental unloading as in 20.5.4 but with base drainage.

20.8.5 Dismantling and final measurements

Proceed as in 20.5.5, The central drainage material shall be discarded and not re-used.

20.8.6 Graphical plots

Plot graphs during each loading and unloading stage and at the end of test, as described in 20.5.6.
20.8.7 Calculations and analysis of data

20.8.7.1 General

Carry out calculations of initial specimen data, pore pressure dissipation, voids ratios and coefficient of
volume compressibility as in 20.5.7.1 to 20.5.7.4.

Evaluate the coefficient of consolidation, & , by three methods similar in principle to those described in
20.5.7.5.

NOTE
1. The difference between the theoretical time factors for "free strain" and "equal strain" loading conditions
is negligible.

2. These calculations assume that the pore pressure has been measured at 0.55 R from the centre and that
D/d = 20, where D is the specimen diameter (in mm) and d is the diameter of the drainage well (in mm).

20.8.7.2 Method (a): Pore pressure dissipation

Calculate @ , (m?/year) using the formula:

- TP O
W ;
0
where:
0 is the time corresponding to a pore-water dissipation of 50% (min); and
D is the specimen diameter (mm).

20.8.7.3 Method (b): Log time curve fitting
Calculate @ (m?2/year) from the same formula as in 20.8.7.2.
20.8.7.4 Method (c): Square-root time curve fitting

Derive 0 and 0 by the procedure described in 20.7.7.5.
NOTE
In Figure 26, for this type of test with either "free strain" or "equal straindm =1.17 and n = 0.5.

Calculate & , (m?year) from either of the formulas:

- T 0
&) .
0
or
. T®O
&) ‘
0

20.8.7.5 Temperature correction
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Apply a temperature correction to the calculated value of & if appropriate, as in 20.5.7.5.4.
20.8.8 Test report

The test report shall affirm that the test was carried out in accordance with 20.8 and contain the following
information, in addition to the relevant information in BCDC 13 (2045). Clause 10:

a) statement that a hydraulic consolidation cell was used, and its nominal diameter;

b) remarks on the condition and quality of the specimen;

c) remarks on any difficulties experienced during specimen preparation;

d) initial dimensions of specimen;

e) initial water content, bulk density and dry density;

f) particle density, indicating whether measured or assumed;

g) Initial voids ratio and degree of saturation, if required,;

h) statement that drainage took place from the centre of the specimen with pore pressure
measurement at the base and the location of the pore pressure measurement point or points;

i) type of loading ("free strain" or "equal strain") and drainage conditions, indicating the diameter of
the central drainage well;

i) swelling pressure (to two significant figures), if applicable;

k) methods used for the saturation of the specimen, if applicable, including pressure increments
applied and differential pressure;

I) volume of water taken into the specimen during saturation;
m) diaphragm pressure, pore pressure and value of the ratio| 1 ,atthe end of the saturation stage;
n) tabulated data for each loading stage, comprising:

1) back pressure used;

2) diaphragm pressure;

3) effective stress at termination of consolidation stage;

4) settlement and pore pressure increase due to undrained loading;

5) voids ratio, if required, and percentage dissipation of pore pressure at the end of consolidation;
and

6) values of the coefficients @ and & (to two significant figures);
0) method used for deriving @ ;
p) plotted curves for each consolidation stage, comprising:
1) pore pressure dissipation (%) against log time; and
2) volume change and settlement against log time or square-root time;

g) curve of voids ratio or vertical compression as ordinates against effective stress at the end of each
consolidation or swelling stage, to a log scale, as abscissa;

r) final density and overall water content of specimen;

s) water contents representing specified zones or layers (identified by a sketch) within the specimen,
where appropriate;

t) colour photographs illustrating features of the soil fabric (if required);

u) the in-situ total and effective stresses at the depth from which the specimen was taken, if known;
v) method for forming central drainage well; and

w) grading characteristics of material used in central drainage well, and method of placing.

21 Determination of permeability in a hydraulic consolidation cell

COMMENTARY ON CLAUSE 21

This method covers the measurement of the coefficient of permeability of a laterally confined specimen
of soil under a known vertical effective stress and under the application of a back pressure. The volume
of water passing through the soil in a known time and under a constant hydraulic gradient, is measured.
The direction of flow can be either vertical (parallel to the specimen axis) or horizontal (radially outwards
or inwards).

The method is suitable for soils of low and intermediate permeability.

107 ©TBS 2023-All rights reserved



BCDC 13 (2046) DTZS

The specimen is in the form of a cylinder laterally confined in a consolidation cell of the type described
in Clause 20.

The test can be carried out on specimens prepared from undisturbed samples of fine soil taken from
the natural ground, or on disturbed samples recompacted in the laboratory.

Two types of permeability test are described. The first (see 21.8.3) is for the determination of
permeability in the vertical direction, in which water is made to flow vertically downwards through the
specimen. The second (see 21.8.4) is for the determination of horizontal permeability in which water is
made to flow radially, either outwards from the centre to the periphery or inwards to the centre.

21.1 General
21.1.1 Test conditions

The following test conditions shall be specified before starting a test:

a) size of test specimen;

b) loading conditions;

c) drainage conditions and direction of flow of water;

d) effective stress at which each permeability measurement is to be carried out; and

e) whether void ratios are to be calculated.

The requirements of BCDC 13 (2045), where appropriate, shall apply to the test methods described in
this clause.

21.1.2 Environmental requirements and safety

21.1.2.1 Temperature

These tests shall be carried out in a laboratory in which the temperature is maintained constant to within
+2 °C, in accordance with BCDC 13 (2045), 7.1. All apparatus shall be protected from direct sunlight,
from local sources of heat and from draughts.

21.1.2.2 Hazard warning

NOTE

Users of this equipment should be conversant with regulations for pressure vessels.

Consolidation cells and ancillary equipment shall not be used at pressures above their safe working
pressures.

21.2 Apparatus for preparation of specimens

The apparatus required for the preparation and measurement of undisturbed specimens, and of
compacted specimens prepared in the laboratory, is the same as that given in 20.2.4.

21.3 Apparatus for permeability test
21.3.1 Hydraulic consolidation cell

The hydraulic consolidation cell and its accessories and instrumentation shall be in accordance with
20.2.1to0 20.2.3.

21.3.2 Ancillary equipment for permeability tests in the cell

21.3.2.1 Three independent pressure systems, as specified in 20.2.3.1 for applying and maintaining the
desired pressures for the following:

a) diaphragm loading;

b) inlet drainage line; and

c) outlet drainage line.

NOTE

When it is not necessary to maintain a high back pressure at the outlet end of the specimen, the outlet
drainage line can be connected to an elevated water reservoir fitted with an overflow to maintain a constant
water level.

21.3.2.2 For vertical permeability tests, the inlet and outlet drainage lines are connected to the back
pressure valves and the pore pressure valve of Figure 22. respectively. For radial permeability tests
(see Figure 23) the lines are connected to the rim drain valve and the pore pressure valve depending

©TBS 2023-All rights reserved 108



BCDC 13 (2046) DTZS

on the direction of flow.

21.3.2.3 Calibrated pressure transducer, for independent calibrated measurements of the pressure in
each pressure system, as specified in 20.2.3.2, except that the transducer shall be connected to the
three pressure systems.

NOTE
Alternatively, independent calibrated transducers may be used, each connected to its own pressure system.

21.3.2.4 For the measurement of a small pressure difference between the inlet and outlet drainage
lines, a suitably calibrated differential pressure transducer shall be used. Pressure differences shall be
readable to 0.5 kPa.

NOTE

Alternatively, the inlet and outlet pressures can be measured independently using the same pressure
transducer which shall be readable to 0.2 kPa.

21.3.2.5 Two calibrated volume-change indicators (burette or transducer type), one on each of the
drainage lines connected to the specimen, as specified in 20.2.3.4.

21.3.2.6 Timing device, readable to 1 s.

21.3.2.7 Plentiful supply of de-aerated tap water, at room temperature.
21.3.2.8 Silicone grease or petroleum jelly.

21.3.2.9 For vertical permeability tests:

a) two flexible porous discs, as specified in 20.2.1.2.8; and
b) arigid loading plate, as specified in 20.2.1.2.9.

21.3.2.10 For horizontal permeability tests.

a) Sheet of porous plastics material, 1.5 mm thick for forming a peripheral drain around
the wall of the cell body. The inside face of the material shall be smooth.

b) Mandrel for forming a central drainage hole.
NOTE

The hole diameter should be as close as possible to 5% of the specimen diameter because
the theoretical analysis for the calculation of @ is based on a hole/diameter ratio of 1:20.

¢) Uniform fine sand, for the central drainage well.
21.3.2.11 Calibrated thermometer, readable to 0.5 °C.
21.4 Calibration of apparatus
21.4.1 Measurements
Determine the dimensions of the cell and accessories as in 20.2.5.1.
21.4.2 Calibration of diaphragm
Calibrate the force exerted by the diaphragm as in 20.2.5.2.
21.4.3 Head losses

21.4.3.1 Determine the head losses in pipelines and other restrictions, for various rates of flow of water,
in accordance with 21.4.3.2 to 21.4.3.10.

21.4.3.2 For tests with vertical flow, assemble and connect the cell as described in 21.7.2, except that
the cell is filled with water instead of a soil specimen and spacer blocks separate the two discs of porous
material.

21.4.3.3 For tests with radial flow, assemble and connect the cell as described in 21.7.3, except that
the cell is filled with fine uniform gravel and the central drainage well of fine sand is wrapped in mesh
fine enough to retain the finest particles.

21.4.3.4 Apply a suitable seating pressure to the diaphragm.

21.4.3.5 Adjust the pressure in the inlet and outlet drain pressure systems, (kPa) and (kPa) respectively.
to give a small difference, measured with a differential pressure gauge or manometer. Both pressures
should be significantly less than the diaphragm pressure.
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NOTE

The pressure difference should be such as to produce a reasonable rate of flow through the specimen. A very
high hydraulic gradient (i = 20 or more) might be necessary in clay soils to achieve any measurable flow. The
gradient should be increased carefully, while observing the rate of flow, to avoid disturbance due to piping or
internal erosion.

21.4.3.6 Open the appropriate inlet and outlet valves and start the timer. Record readings of the volume
change gauges on both lines at regular intervals of time.

21.4.3.7 Plot a graph of the cumulative volume of water, Q (mL), as recorded from each volume change
gauge, as ordinates, against time (in min) as abscissae. Continue until the relationship is linear and the
two lines are parallel.

21.4.3.8 From the linear relationship between Q and time, determine the slope, which gives the mean
rate of flow, g (mL/min).

21.4.3.9 Repeat steps 21.4.3.5 to 21.4.3.8 at least three more times over a range of rates of flow, q,
which covers the likely rates of flow to be encountered in a series of tests.

21.4.3.10 Plot the results as a graph of pressure difference, (, » ) (denoted by , ) as ordinate,
against rate of flow, g, as abscissa. This is the calibration graph referred to in 21.9.1.3 and 21.9.2.2.

21.5 Preparation and checking of apparatus
Prepare and check the cell and ancillary items, as described in 20.2.6.
21.6 Preparation of test specimen

Prepare the test specimen by one of the methods described in 20.3, as appropriate to the type of
specimen and method of test.

21.7 Assembly of cell
21.7.1 General

Assemble the cell with specimen, as described in 20.4.1.
NOTE

The rigid loading plate is normally placed on top of the specimen to maintain a uniform thickness of soil.
Detailed requirements for the two types of test are described in 21.7.2 to 21.7.4.

21.7.2 Test with vertical flow

21.7.2.1 Assemble the cell as described in 20.4.3 (with reference to 20.4.2.2). The top and bottom faces
of the specimen are to be in contact with a porous disc.

21.7.2.2 Connect the inlet pressure line to the back pressure valve, and the outlet pressure line to the
pore pressure valve, without entrapping air, to give flow vertically downwards through the specimen.

21.7.3 Tests with radial flow

21.7.3.1 Assemble the cell as described in 20.4.4 (with reference to 20.4.2.2.1 and 20.4.2.2.3). The
periphery of the specimen is to be in contact with the porous plastic material.

21.7.3.2 Install the central drain, as described in 20.4.5.4 to 20.4.5.8.

21.7.3.3 Place the rigid circular metal plate on top of the specimen and plug the central hole. Do not
permit drainage from the top and bottom faces of the specimen.

21.7.3.4 For outwards flow of water, connect the inlet pressure line to the pore pressure valve and the
outlet to the rim drain valve, without entrapping air.

21.7.3.5 For inward flow of water, reverse the above connections.

21.7.4 Final assembly and adjustments

21.7.4.1 Fit the cell cover to the cell body, as described in 20.4.6.

21.7.4.2 Make final adjustments and initial observations, as described in 20.4.7.2 to 20.4.7.7.
21.8 Test procedures

21.8.1 Saturation
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Saturate the specimen by the procedure given in 20.5.1.2. When applying an increment of diaphragm
pressure to determine the value of the ratio| ¢] ,, the pore pressure valve shall be closed.

21.8.2 Consolidation

21.8.2.1 Consolidate the specimen to achieve the desired effective stress, as described in 21.8.2.2 to
21.8.2.4.

21.8.2.2 For a vertical flow test, follow the procedures of 20.6.3 and 20.6.4. Evaluate the results, if
necessary, as in 20.6.6 and 20.6.7

21.8.2.3 For a radial flow test with outward flow, follow the procedures in 20.7.3 and 20.7.4. Evaluate
the results, if necessary, as in 20.7.6 and 20.7.7.

21.8.2.4 For a radial flow test with inward flow follow the procedures in 20.8.3. and 20.8.4. Evaluate the
results, if necessary, as in 20.8.6 and 20.8.7.

21.8.3 Measurement of vertical permeability

21.8.3.1 Carry out a permeability test with flow vertically downwards on the consolidated specimen, as
described in 21.8.3.2 to 21.8.3.10.

21.8.3.2 With the pore pressure valve and the back pressure valve closed, adjust the pressure in the
outlet drain line connected to the pore pressure valve, 1] (in kPa), to equate with the back pressure, 1
(in kPa), already applied to the top of the specimen via the back pressure valve. Open the pore pressure
valve. The rim drain valve shall remain closed.

21.8.3.3 Increase the pressure,01, to a value such that the pressure difference (1] -1 ) is equal to the
desired pressure difference across the specimen for the permeability test (see Note 2).

NOTE

1. The difference between the diaphragm pressure ), (kPa) and hp should normally be not less than (hp -
o).

2. The pressure difference should be such as to produce a reasonable rate of flow through the specimen.
A very high hydraulic gradient (i = 20 or more) might be necessary in clay soils to achieve any measurable

flow. The gradient should be increased carefully, while observing the rate of flow, to avoid disturbance
due to piping or internal erosion.

21.8.3.4 Record the readings of the volume-change indicators in the inlet and outlet pressure lines when
they reach steady values.

21.8.3.5 Open the back pressure valve and start the timer. Record readings of both volume-change
gauges at suitable regular intervals of time. The mean effective vertical stress, ,, ,(in kPa) for the test
is given by the formula:
n n
C
21.8.3.6 Plot a graph of the cumulative volume of water flowing through the specimen, Q (in mL), as

recorded from each volume change gauge, as ordinates, against time (in minutes) as abscissa.
Continue the test until the relationship is linear and the two lines are parallel.

” h

21.8.3.7 Record the temperature in the vicinity of the consolidation cell to +0.5 °C.
21.8.3.8 Stop the test by closing the pore pressure valve and the back pressure valve.

21.8.3.9 If an additional test at a lower effective stress is required, repeat 21.8.3.2 to 21.8.3.8 with the
values of Il and | increased, as appropriate.

21.8.3.10 If an additional test at a higher effective stress is required, consolidate the specimen as in
21.8.2, using the appropriate pressures, and repeat 21.8.3.2 to 21.8.3.8.

21.8.4 Measurement of horizontal permeability

21.8.4.1 Carry out a permeability test with horizontal flow radially outwards on the consolidated
specimen, as described in 21.8.4.2 to 21.8.4.11. For flow radially inwards, the procedure is similar but
with the inlet and outlet connections interchanged.

21.8.4.2 The back pressure valve shall remain closed. With the pore pressure valve and the rim drain
valve closed adjust the pressure in the outlet drain line connected to the pore pressure valve,
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N (in kPa), to equate with the back pressure, and
] (in kPa), already applied to the top of the specimen via the rim drain valve.

21.8.4.3 Open the pore pressure valve.

21.8.4.4 Increase the pressure, 1 , to a value such that the pressure difference (1} 1 ) is equal to the
desired pressure difference across the specimen for the permeability test (see Note 2 to 21.8.3.3).
NOTE

The difference between the diaphragm pressure ) (in kPa) and ]} should normally be not less than ( 1)
n)-

21.8.4.5 Record the readings of the volume-change indicators in the inlet and outlet pressure lines when
they reach steady values.

21.8.4.6 Open the rim drain valve and start the timer. Record readings of both volume-change indicators
at suitable regular intervals of time. The mean effective vertical stress for the test is equal to:
n n
C

21.8.4.7 Plot a graph of the cumulative volume of water flowing through the specimen, Q (in mL), as
recorded from each volume change indicator; as ordinates, against time (in min) as abscissae. Continue
to test until the relationship is linear and the two lines are parallel.

” h

21.8.4.8 Record the temperature in the vicinity of the consolidation cell to £0.5 °C.
21.8.4.9 Stop the test by dosing the pore pressure valve and the rim drain valve.

21.8.4.10 If an additional test at a lower effective stress is required, repeat 21.8.4.2 to 21.8.4.9 with the
values of 1 and ] increased, as appropriate.

21.8.4.11 If an additional test at a higher effective stress is required, consolidate the specimen as in
21.8.2, using the appropriate pressures, and repeat 21.8.4.2 to 21.8.4.9.

21.9 Calculations
21.9.1 Vertical permeability
21.9.1.1 Calculate the circular area of cross section of the soil specimen, A (in mm?).

21.9.1.2 From the graphs plotted in 21.8.3.6 or 21.8.4.6, determine the mean slope of the linear portion,
which is equal to the mean rate of flow, g (in mL/min), during steady flow conditions in the test.

21.9.1.3 From the calibration graph derived as in 21.4.3.10, determine the pressure difference, 1 (in
kPa), corresponding to the rate of flow q in the test.

21.9.1.4 Calculate the coefficient of permeability, 'Q, (in m/s), at 20 °C, using the formula:

ko) & Y (O]
on n n

where:
| is the mean rate of flow of water through the specimen (in mL/min);

0 is the length of the specimen (in mm);

n n is the difference between the pressures applied to the inlet and outlet pressure lines (in
kPa);
] is the pressure loss in the system (in kPa) for the rate of flow, g, obtained from the calibration
graph;
Y is the temperature correction factor for the viscosity of water, derived from Figure 27 and
0 is the cross-section area of the specimen (in mm?2)

21.9.2 Horizontal permeability

21.9.2.1 From the graphs plotted in 21.8.3.6 determine the mean slope of the linear portion, which is
equal to the mean rate of flow, g (in mL/min), during steady flow conditions in the test.

21.9.2.2 From the calibration graph derived as in 21.4.3.10, determine the pressure difference, 1| (in
kPa), corresponding to the rate of flow, q, in the test.
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21.9.2.3 Calculate the coefficient of permeability in the horizontal direction, 'Q (in m/s), at 20 °C using
the formula:

. 8 q e O
Q ml I Qﬁ Y pm
where
n is the mean rate of flow of water through the soil specimen (in mL/min);
0 is the length of the specimen (in mm);
(0] is the diameter of the specimen (in mm);
Q is the diameter to the central drain (in mm);
n N is the difference between the pressures applied to the inlet and outlet pressure lines (in
kPa);
] is the pressure loss in the system (in kPa) for the rate of flow, g, obtained from the calibration
graph; and
Y is the temperature correction factor for the viscosity of water, derived from Figure 27.

21.10 Test report
The test report shall affirm that the test was carried out in accordance with Clause 21 and contain the
following information, in addition to the relevant information listed in BCDC 13 (2045). Clause 10:

a) statement that the permeability was measured under constant head conditions in a hydraulic
consolidation cell, with flow in the vertical direction, or in the horizontal direction (radially) and
whether inward or outward, as appropriate;

b) dimensions of test specimen, and whether undisturbed or remoulded;
c¢) if remoulded, the method of preparation;

d) density, water content and dry density of the test specimen,;

e) method of saturation;

f) value of the pore pressure ratio| §1 ,achieved,

g) data from the consolidation stage or stages, if appropriate;

h) coefficient of vertical or horizontal permeability, Q or 'Q (m/s) as appropriate, at 20 °C, to two
significant figures;

i) diameter of central drain, method of forming the well and a description of the material used, if
appropriate;

j) vertical stress applied to the specimen and the mean pore water pressure at which the permeability
was measured; and

k) pressure difference, or hydraulic gradient, across the specimen during the test.

22 Determination of isotropic consolidation properties using a triaxial cell

COMMENTARY ON CLAUSE 22

These procedures cover the determination of the magnitude and rate of consolidation of soil specimens
when subjected to isotropic stress conditions in a triaxial cell. Test specimens are normally
approximately 100 mm diameter and 100 mm high, but specimens of other dimensions from 38 mm
diameter upwards may be used.

Values of & and & , derived from this isotropic test are not the same as the values of & and @
obtained from a one-dimensional test.

22.1 Test method

The test shall be carried out in accordance with TZS 3308-9/BS EN ISO 17892-9 following the specimen
preparation, saturation and consolidation procedures in TZS 3308-9/BS EN ISO 17892-9:2018, 6.1 to
6.4, 6.6 and 6.8.

22.2 Calculations
22.2.1 General initial data

22.2.1.1 Calculate the initial water content, 0 (%), using the formula:
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, a a
O —5—— pmm

where:

a is the initial mass of the specimen (in g); and
a is the final dry mass of the specimen (in g).

22.2.1.2 Calculate the initial dry density, ” (in Mg/m?3) using the formula:
a PTIITIT

00
where:
0 is the cross-sectional area of the specimen (in mm?); and
O is the initial height of the specimen (in mm).

22.2.1.3 Calculate the initial bulk density; " (in Mg/m?3) using the formula:
a P TTT

80

22.2.1.4 Calculate the initial voids ratio, ‘Q, if required, using the formula:

0 p

where:

is the particle density (Mg/m3).

22.2.1.5 Calculate the initial degree of saturation, Y, if required, as a percentage using the formula:

. U
where:
" =1.0 Mg/m?3

22.2.2 Saturation data

If saturation was achieved by the application of increments of back pressure, plot the calculated value
of the pore pressure coefficient B, calculated from TZS 3308-9/BS EN I1SO 17892-9:2018, Formula (1)
against pore pressure or cell pressure.

NOTE

During the saturation stage, if it is assumed that water entering the specimen only replaces air in the voids,
there is no change in the volume or height or diameter of the specimen.

22.2.3 Consolidation data

22.2.3.1 For each undrained phase calculate the value of the pore pressure coefficient B from TZS
3308-9/BS EN 17982-9:2018, Formula (1).

22.2.3.2 Plot the pore pressure at the end of each undrained phase and each drained phase against
cell confining pressure.

22.2.3.3 For each drained phase plot the:
a) change in volume (Y) against square-root time; and
b) pore pressure dissipation "Y % against time to a logarithmic scale.

22.2.3.4 From each graph given by 22.2.3.3 b) read off the time, 0 (minutes) corresponding to 50%
pore pressure dissipation.

22.2.3.5 Calculate the height of specimen H (in mm) at the end of each consolidation stage using the
formula:
Yo
‘0 0 p P :
ow
where:
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O is the initial height of the specimen immediately after saturation (assumed equal to the initial
height) (in mm);

@ is the initial volume of the specimen (in cm?); and

Yo is the cumulative change in volume of the specimen from the start of the first consolidation

stage (in cm3).
22.2.3.6 Calculate the voids ratio, Q if required, at the end of each consolidation stage using the
formula:
o Yo
Q Q p Q —
w

22.2.3.7 Calculate the coefficient of volume compressibility for isotropic consolidation, & (m?/MN), for
each stage using the formula:

Yo Yo prunm

® Yo 1/ n

where:

Yoo is the cumulative change in volume of the specimen from the initial volume up to the end of the
previous consolidation stage (in cms3);

Yoo is the cumulative change in volume of the specimen from the initial volume up to the end of the
consolidation stage considered (in cm3);

@ is the initial volume of the specimen (in cm3)

N is the effective pressure applied to the specimen for the previous consolidation stage (in kPa);
and

N is the effective pressure applied to the specimen for the consolidation stage considered (in
kPa).

22.2.3.8 Calculate the value of the coefficient of consolidation for isotropic consolidation, & (in
m?/year), for each stage using the formula:

L

© T8

where:

O is the average height of the specimen during the stage,i.e.’O —— (in mm);

0 is the value determined from the graph in 22.2.3.4 (in min);

O is the height of the specimen at the beginning of the stage (i.e. at the end of the previous stage)
(in mm); and

O is the height of the specimen at the end of the stage considered (in mm).

22.2.3.9 If appropriate, apply a temperature correction to the calculated value of & as described in
20.5.7.5.4.

22.2.3.10 Plot the calculated values of voids ratio, or change in volume, against effective pressure to a
logarithmic scale (the Q | 1ACplot), including the initial voids ratio, ‘Q, or initial volume, corresponding
to the effective pressure immediately after saturation.

22.3 Test report

The test report shall affirm that the test was carried out in accordance with Clause 22 and contain the
following information, in addition to the relevant information listed in BCDC 13 (2045). Clause 10:

a) statement of the method used, i.e. isotropic consolidation in a triaxial cell;

b) remarks on the condition and quality of the specimen, and any difficulties experienced during
specimen preparation;

¢) initial dimensions of the specimen;

d) initial water content, bulk density and dry density;

e) particle density indicating whether measured or assumed,;
f) initial voids ratio and degree of saturation, if required;
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g) method used for saturating the specimen, if applicable, including pressure increments and
differential pressure applied;

h) volume of water taken into the specimen during saturation;
i) cell pressure, pore pressure and value of pore pressure coefficient Bat the end of saturation;
j) tabulated data for each pressure stage comprising:

1) cell pressure;

2) back pressure;

3) effective stress at start and termination of each stage;

4) pore pressure increase and B - value for each undrained loading phase;

5) voids ratio, if required, and percentage pore pressure dissipation at the end of each
consolidation phase;

6) volume change during each consolidation phase; and

7) calculated values of the coefficient of volume compressibility, a , (in m3MN), and the
coefficient of consolidation, @, (in m3year), to two significant figures, for isotropic
consolidation;

k) plotted curves for each consolidation stage, comprising pore pressure dissipation (%) against log
time, volume change against log time or square-root time, or both;

I) curve of voids ratio or change in volume as ordinate against effective stress at the end of each
consolidation or swelling stage, to a log scale, as abscissa; and

m) final bulk density and overall water content of the specimen.

23 Determination of permeability

COMMENTARY ON CLAUSE 23

The permeability of a soil is a measure of its capacity to allow the flow of water through the pore spaces
between solid particles. The degree of permeability is determined by applying a hydraulic pressure
gradient in a sample of saturated soil and measuring the consequent rate of flow. The coefficient of
permeability is expressed as a velocity.

Laboratory permeability tests on soils shall be carried out in accordance with TZS 3308-11/BS EN ISO
17892-11, including tests carried out in rigid wall permeameters, oedometer cells and flexible wall
permeameters, e.g. tests in triaxial cells, under either constant-head or falling head conditions.
Permeability tests on undisturbed samples using hydraulic consolidation cell apparatus shall be carried
out in accordance with Clause 21 of this Standard.

24 Determination of shear strength by the laboratory vane method

COMMENTARY ON CLAUSE 24

This method covers the measurement of the shear strength of a sample of soft to firm fine soil without
having to remove it from its container or sampling tube. The method can be used for soils that are too
soft or too sensitive to enable a satisfactory compression test specimen to be prepared. This test
method should not be confused with the hand vane test using equipment and methods following BS EN
ISO 22476-9:2020, even though this may also be carried out in the laboratory.

The shear strength of the remoulded soil and hence the sensitivity, can also be determined.
24.1 General

The requirements of BCDC 13 (2045). where appropriate, shall apply to this test method.
24.2 Apparatus

24.2.1 Laboratory vane apparatus shall consist of the following:

NOTE
A schematic arrangement is shown in Figure 28.
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