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Foreword

This Part of BS 1924 has been prepared under the direction
of the Road Engineering Standards Policy Committee. |t is
Part 2 of a revision in two Parts of BS 1924 : 1975, which
is now withdrawn.

The two Parts of BS 1924 are:

Part 1  General requirements, sampling, sample
preparation and tests on materials before
stabilization

Part 2 Methods of test for cement-stabilized and

lime-stabilized materials

The tests for materials in the unstabilized state are given in
Part 1 by reference to other British Standards. Except
_ where they are seldom used, or the test procedures are

ideritical in all respects, the tests for materials in the
stabilized condition included in Part 2 are given in full,
although they may be similar to tests in other British
Standards. This is to provide a complete and comprehen-
sive document for use by testing laboratories, and because
the tests themselves have to be modified to take account
of the presence of the stabilizing agent. This particularly
applies to sample preparation.
The title of the standard has been amended to reflect the
wider scope of this revision, which is intended to cover,
in addition to soils, materials which when stabilized with
cement or lime may be used for civil engineering purposes.
Although concerned principally with Portland cement,
hydrated lime (calcium hydroxide} and guicklime {calcium
oxide) it is also applicable to other cements and types of
lime, including those in which pulverized fuel ash (pfa)
or slag are the major components.

This revision includes all the tests, with minor exceptions,
for materials stabilized with lime or cement that were
included in the 1975 edition but does not include any tests
for materials stabilized with bitumen. In deciding to
exclude tests for bitumen-stabilized materials from the
revision the Committee consulted extensively on the
currency and use of the tests in the 1975 edition and on
the existence of or need for other tests. Reader's comments
are invited on the need for and contents of a further part
(Part 3) of this standard for such tests.”

Lime, and to a lesser extent cement, may also be used to
modify rather than to stabilize a material. Modified
materials are usually natural soils and probably fine-
grained but may be by-products of industrial processes,
e.g. colliery spoil. The object of the modification process
is to improve the properties of the soil such as shear
strength, durability, etc. but the modified material retains
many of the properties of soil, The process may,
for example, be used to render an unsuitable material
suitable for modifying the plasticity characteristics.
In these cases the tests in this standard may be suitable
but equally the soil tests in BS 1377 referred to in the
text may be considered to be applicable to measure the
change in properties caused by modifying the soil or other
material.
The following tests are included in this standard for the
first time:

(a} determination of moisture content by microwave

oven, nuclear gauge and by the calcium carbide method;

{b) determination of the moisture condition value;

{c) determination of frost heave;

{d) determination of tensile strength;

{e) datermination of the plate loading value;

{f) determination of the degree of carbonation;

{g) determination of the initial consumption of lime.

Typical forms are included for all test methods to illustrate
how the results may be conveniently calculated and
recorded.

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

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

*Comments should be sent to the Secretary, Technical Committee RDB/9, BS|, 2 Park Street, London W1A 2BS..

——
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Methaods. Section one

Section one. Scope, definitions and classification tests

1.1 Scope

This Part of BS 1924 describes methods of test for materials
stabilized with cement or lime for civil engineering
purposes.

NOTE. The titles of the publications referred to in this standard
. are listed on the inside back cover.

1.2 Definitions

For the purboses of this Part of BS 1924 the definitions '
given in BS 1924 : Part 1 apply.

1.3 Determination of moisture content

1.3.1 Principle

The methods based on heating to remove water assume
that all the ‘free’ water in the stabilized material is removed
in the heating process and that ‘chemically bound' water
such-as water of hydration is not removed by the test
procedure. This is generally true for most materials likely
to be encountered but problems can occur with materials

. that contain hydrated salts such as gypsum (CaS04.2H, O)
that lose water at temperatures below 105 °C {see note 1
t0 1.3.3.2.3).

The definitive method of measuring moisture content is
the oven-drying method given in 1.3.3 and is based on
drying at 105 to 110 °C to remove the water.

Two subsidiary test procedures based on heating to remove
the water are also included. Two other subsidiary methods
neither of which is based on heating the samples to remove
the water are also included. The first of these procedures
relies on the reaction of water in the aggregate with calcium
carbide to evolve acetylene, the amount of which can be
assessed by the pressure it generates in a confined space.

In the second the moisture content of the material under
test is determined by placing a fast neutron source and a
neutron detector on or adjacent to the material under test.
The intensity of slow or moderated neutrons detected is
dependent on the hydrogen content of the material under
test and hence indirectly to the moisture content.

The requirements of BS 1924 : Part 1 shall, where appro-
priate, apply to this test method.

1.3.2 Sampling
The sample received at the laboratory (the laboratory

sample) shall be taken in accordance with 5.3 of BS 1924 :

Part 1 : 1990.

1.3.3 Oven-drying method (Definitive method)
1.3.3.1 Apparatus '
1.3.3.1.1 Apparatus for all materials

1.3.3.1.1.1 An oven capable of maintaining a temperature
of 106 °C+ 6 °C.
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1.3.3.1.2 Apparatus for fine-grained materials

1.3.3.1.2.1 A glass weighing bottle, fitted with a ground
glass stopper or cap, or a suitable airtight corrosion-
resistant metal container.

NOTE. A convenient size is one about 50 mm diameter and 26 mm
high.

1.3.3.1.2.2 A balance, of 2560 g minimum capacity,
readable to 0.01 g.

1.3.3.1.2.3 A desiccatar, containing anhydrous silica gel.

NOTE 1, A convenlent size is 200 mm to 250 mm diameter.

NOTE 2. It is preferable to use self-indicating silica gel as the
desiccant can be periodically dried at 110 °C to maintain its blue
colour. .

1.3.3.1.3 Apparatus for medium-grained materials
1.3.3.1.3.1 An airtight corrosion-resistant container,
of about 500 g capacity.

1.3.3.1.3.2 A balance, of 1 kg minimum capacity, readable
to 0.1 q.

1.3.3.1.3.3 A medium-sized scoop (see figure 2 of
BS 1924 : Part 1 : 1990).

1.3.3.1.4 Apparatus for coarse-grained materials

1.3.3.1.4.1 An airtight corrosion-resistant container,
of about 3 kg capacity.

1.3.3.1.4.2 A balance, of 10 kg minimum capacity,
readable to 1 g.

1.3.3.1.4.3 A /arge scoop (see figure 2 of BS 1924 :
Part 1 : 1990).

1.3.3.2 Procedure

1.3.3.2.1 Reduce the laboratory sample by the procedure
described in 3.5 of BS 1924 : Part 1 : 1990 to produce a
test portion of mass not less than given in table 1
appropriate to the material.

Table 1. Minimum mass of test portions .

Grouping of material Minimum mass | Accuracy of
of test portion weighing
g g9
Fine-grained 30 | 0.01
Medium-grained 300 0.1
Coarse-grained 3000 1.0

1.3.3.2.2 Clean and dry the weighing bottle or container,
weigh it to the accuracy given in table 1 and record the
mass {m, ). Take the test portion of minimum-mass,
crumble and place it loosely in the container or weighing
bottle. Replace the lid or stopper and then weigh the
container or bottle and contents to the same degree of
accuracy as before. Record the mass (m;).. = .
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1.3.3.2.3 Remove the lid or stopper, and place the
container or bottle with its lid and contents in the oven
anddry at 105+ 5 °C (see note 1) for-a period which will
vary with the amount of material being dried in the oven.

The sample shall be deemed to be dry when the differences -

in successive weighings of the cooled sample (see note 2)
at intervals of 4 h do not exceed 0.1 % of the original mass
of the sample {see note 2). Do not replace the lid or
stopper while the sample is in the oven.

NOTE 1. Some materials contain gypsum which on heating at the
specified ternperature loses its water of crystallization. The moisture
content determined by this method will be affected by approxi-
mately 0.2 % for each 1 % of gypsum. If it is suspected that gypsum
is present the moisture content samples should be dried at no more
than 80 °C and possibly for a longer time. The presence of gypsum
can be identified by heating a small quantity of the material on a
metal plate. Grains of gypsum will turn white within a few minutes,
whereas most other minerals remain unaltered. If the standard
conditions are not used, the drying conditions used should be
stated in the test record.

NOTE 2. 16 h to 24 h is usually a sufficient length of time for
drying most matarials, but large or wet samples will require longer.
The drying time will also depend on the emount of matarial in the
oven.

1.3.3.2.4 After drying, remove the container, or bottle,
and contents from the oven and replace the lid and allow
to cool.

NOTE. It is impracticable to cool large samples of material in a
desiccator and, if the lids of the containers fit well, it is unlikely
that the samples will absorb any water from the air during cooling.
However, if glass weighing bottles were used for fine-grained
material, the container and contents should be allowed to cool

in a desiccator and the stoppers shauld not be replaced until the
material has cooled to room temperature.

1.3.3.25 After cooling weigh the container, or bottle,
and contents to the same degree of accuracy as previously
and record the mass {(m3).

1.3.3.3 Calculations and expression of results

NOTE. A typical data and calculation form for the determination
of the moisture content by the oven-drying method is given In
form A of appendix A.

Calculate the moisture content {w) of the test portion as
a percentage of the dry mass of solids from the equation:

w=100(m; ~ m3)/(m3 - m,)
where
m; is the mass of container {in a);
my is the mass of container and wet material {in g);
ma3 is the mass of container and dry material (in g).

- Express the value of moisture content to the nearest 0.1 %
of the dry mass of solids.

1.3.4 Sand-bath method

NOTE. This method covers the determination of the moisture
content of a test portion of stebilized materis! as a percentage of
the dry mass of solids. It is intended as a rapid alternative to the
definitive method described in 1.3.3 but is less accurate and is
more suitable as a site test. The method should not be used if it

is suspected that the material contains gypsum, calcareous matter
or organic material, e.g. unburnt coal in minestone and pulverized-
fuel ash {(pfa).

PARTx2 90 MR lbk24bbkH 0210209 4 WA

1.3.4.1 Apparatus
1.3.4.1.1 Apparatus for all materials

1.3.4.1.1.1 Equipment for heating the sand-bath,
e.g. an electric hot-plate or a gas-ring.

1.3.4.1.2 Apparatus for fine-grained materials

1.3.4.1.2.1 An airtight, heat- and corrosion-resistant
container, approximately 50 mm in diameter and 26 mm
deep. .

1.3.4.1.2.2 A balance, of 250 g minimum capacity,
readable 10 0.1 g.

1.3.4.1.2.3 A sand-hath, containing clean sand to a depth
of at least 25 mm and large enough to take the container.
NOTE. A larger.bath may be used to heat several containers at oncs.

1.3.4.1.2.4 A palette knife or other implement for stirring
the test portion during drying.

NOTE. A convenient size is one having a blade 100 mm long and
20 mm wide.

1.3.4.1.3 Apparatus for medium-grained materials

1.3.4.1.3.1 A heat-resistant tray, approximately 200 mm
square and 50 mm deep.

1.3.4.1.3.2 A balance, of 1 kg minimum capacity, readable
to 0.5 g.

1.3.4.1.3.3 A sand-bath, containing clean sand to a depth
of at least 25 mm and large enough to take the tray.

NOTE, A larger bath may be used to heat several samples at once.

1.3.4.1.3.4 A palette knife, or other implement for stirring
the test portion during drying.

NOTE. A convenient size is one havmg a blade 100 mm long and
20 mm wide.

1.3.4.1.3.5 A medium-sized scoop (see figure 2 of

B$ 1924 : Part 1 : 1990).

1.3.4.1.4 Apparatus for coarsegrained materials

1.3.4.1 .4.1 A heat-resistant tray, approximately 250 mm
square and 50 mm to 70 mm deep.

1.3.4.1.4.2 A balance, of 10 kg minimum capacity,
readableto 1 g.

1.3.4.1.4.3 A sand-bath, containing clean sand to a depth
of at least 25 mm and large enough to take the tray.
1.3.4.1.4.4 A palette knife, or other implement for
stirring the test partion during drying.

NOTE. A convenient size is one having a biade 200 mm [ong and
30 mm wide.

1.3.4.1.4.5 A large-sized scoop (see figure 2 of BS 1924 :
Part 1 : 1990).

1.3.4.2 Procedures
1.3.4.2.1 Procedure for fine-grained materiéls
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1.3.4.2.1.1 Clean, dry and weigh the container to the
nearest 0.1 g {m, ). Take the test portion of minimum mass
30 g prepared as described in 1.3.3.2, crumble and place
loosely in the container, and replace the lid. Weigh the
container and contents to the nearest 0.1 ¢ {(m; ).

1.3.4.2.1.2 Remove the lid and place the container and
contents on the sand-bath, which shall be heated by one of
the methods given in 1.3.4.1.1, care being taken not to get
the sand-bath too hot (see note). During heating disturb
the sample frequently and thoroughly with the palette
knife to assist the evaporation of the water.

NOTE. A convenient method of detecting overheating is by the use

of small white pieces of paper mixed with the material. Overheating
Is indicated if the paper turns brown.

1.3.4.2.1.3 When the container and contents have been
heated long enough to dry the sample (1 h is usually suffi-
cient (see note)}, remove them from the sand-bath, replace
the lid, and atlow the whole to cool.

NOTE. The drying period will vary with the type of material,

the size of samples and the field conditions. It is suggested that
whan a large number of moisture content determinations are to be
made with one material, several measurements should be made using
differant periods of drying to determine the minimum period
required to effect adequate drying. The material shall be deemed to
be dry if the additional loss of mass when it is heated for a further
period of 15 min does not exceed 0.1 g for fine-grained, 0.5 g for
medium-grained and & g for coarse-grained materials.

1.3.4.2.1.4 Weigh the container and contents to the
nearest 0.1 g (m3).

1.3.4.2.2 Procedure for medium and coarse-grained
materials

1.3.4.2.2.1 Clean, dry and weigh the tray to the nearest

" 0.6 g (my). Take a test portion of minimum mass 300 g for
medium-grained materials and 3 kg for coarse-grained
materials, prepared as described in 1.3.3.2, crumble and
spread out evenly in the tray. Weigh the tray and contents
to the nearest 0.5 g (m4) for medium- grained materials,
and to the nearest b g {my) for coarse-grained materials.

1.3.4.2.2.2 Place the tray on the sand-bath, which shall be
heated by one of the methods given in 1.3.4.1.1, care being
taken not to get the sand-bath too hot {(see note

to 1.3.4.2.1.2). During heating disturb the sample fre-
quently and thoroughly with the palette knife to assist

the evaporation of the water.

1.3.4.2.2.3 When the tray and contents have been heated
long enough to dry the sample {1 h is usually sufficient

(see note to 1.3.4.2.1.3)), remove them from the sand-bath,
replace the lid, and allow the whole to cool.

1.34.2.24 Immediately the tray is cool enough to handle,
weigh the tray and contents to the.nearest 0.5 g for
medium-grained materials, and to the nearest 5 g for coarse
materials (m3).
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1.3.4.3 Calculations and expression of results. Calculate
the moisture content {(w} of the test portion as a percentage
of the dry mass of solids from the equation:

w=100(mq - ma)/{ms - my)

_where

my is the mass of container {in g);
my is the mass of container and wet material (in g);
mj is the mass of container and dry material {in g).

Express the value of moisture content to the nearest 0.1 %
of the dry mass of solids.

1.3.5 Microwave oven method (Subsidiary method for
fine-grained materials)

NOTE. This method covers the determination of the moisture
content of a test portion of a stabilized fine-grainad material.

In favourable circumstances it is a rapid alternative to the
definitive method described in 1.3.3 but the range of materials for
which it is suitable is restricted and it is confined to fine-grained
materials because suitable containers of edequate size are not
readily available to hold the required mass of medium and
coarse-grained materials.

Most siliceous and calcarsous aggregates can be dried satisfactorily
in a microwave oven but flints, stag and some calcareous aggregates
have a tendency to shatter. Materials such as pulverized fuel ash,
colliery spoil {(minestone) or aggregates derived from them are

not suitable as any carbonaceous matter remaining in them will
ignite in the microwave oven. Materials with a high proportion

of iron compounds may also give rise to problems. For these
raasons it is necessary to carry out preliminary trials to establish
whether or not the material under test is adversely affected by
microwave radiation.

1.3.6.1 Apparatus. The apparatus shall be as specified

for fine-grained materials in 1.3.3.1 except that the oven
and airtight corrosion-resistant containers shall be replaced
respectively by a well ventilated microwave oven and
nonmetal containers of sufficient capacity to hold the mass
of the test portion. .

NOTE. Metal contalners cannot be used as they reflect microwaves.
Materials such as porcelain and borosilicate glass which heat up
under the influence of microwaves and not just by conduction
from the aggregate are prefersble; this reducss the possibility of
water vapour condensing on the cooler walls of the contalner
before being carried away by air circulation. Silica and polypropy-
lene containers may also be used.

1.3.6.2 Procedure

1.3.5.2.1 Carry out preliminary trials to ascertain the time
required to dry the test portion and to establish whether
or not the material under test is adversely affected by
microwave radiation, ) :

1.3.6.2.2 Follow the procedure.described for fine-grained
materials described in 1.3.3.2 except that microwave drying
is used. Operate the microwave oven in accordance with
the manufacturer’s instructions.

1.3.6.3 Calculations and exp;éssion of results, Calculate the
moisture content as described in 1.3.3.3 and express the
value to the nearest 0.1 % of the dry mass of solids.
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1.3.6 Calcium carbide method (Subsidiary method)

1.3.6.1 Principle. Calcium carbide will react with water in
a material to produce acetylene according to the equation
C302 + 2H20 = Ca(OH)2 +C, Hz
If the reaction is allowed to occur under standardized
conditions in a closed container the pressure of the acety-
lene generated in the container is a measure of the moisture
content of the aggregate. The procedure given in this
subclause describes how this can be used as a rapid method
of determining moisture content of stabilized materials.
The test results may not correspond exactly with the
definitive oven-drying method.

1.3.6.2 Apparatus

1.3.6.2.1 A calcium carbide pressure inoisture meter,
calibrated in accordance with the manufacturer’s .
instructions.

1.3.6.2.2 A balance, of 2 kg minimum capacity, readable
to 0.1 g. : ’

1.3.6.2.3 Steel balls, to aid the mixing process usually
supplied with the apparatus.

1.3.6.2.4 A cleaning brush and a cloth.

1.3.6.2.6 A scoop, for measuring the calcium carbide
reagent.

1.3.6.3 Reagent

1.3.6.3.1 Finely pulverized calclum carbide, of a grade
capable of producing acetylene gas in the amount of at
teast 0.16 m? /kg of carbide.

1.3.6.4 Procedure

NOTE. Only a general procedure is given as the test should always
be carried out in accordance with the procedure recommended by
the manufacturer.

1.3.6.4.1 Place the calcium carbide and the steel balls in
the larger chamber of the moisture tester.

1.3.6.4.2 Take a test portion of the stabilized material of
known mass {not less than 100 g} and place it in the cap

of the tester. With the vessel in an approximately horizontal
position, insert the cap in the pressure vessel and seal the
unit by tightening the clamp, taking care that no carbide
comes into contact with the material until a complete seal
is achieved. Then raise the moisture tester to a vertical
position so that the aggregate falls into the pressure vessel.

1.3.6.4.3 Shake the instrument vigorously in a rotafy
motion so that the calcium carbide can react with the
available free water,

NOTE. The shaking should continue for at least a minute and time
should be permitted to allow dissipation of the heat generated by
the chemical reaction. . ’

1.3.6.4.4 When the needle of the pressure dial stops
moving read the dial while holding the instrument in a
horizontal position at eye level. Record the dial reading.

1.3.6.45 With the cap of the instrument pointed away
from the operator slowly release the gas pressure. Empty
the pressure vessel and examine the material for lumps.

_1f the sample is not completely pulverized repeat the test

using a new test portion.

1.3.6.5 Calculations and expression of resuits. The dial
reading is the percentage of moisture by wet mass. Convert
this to the percentage of maoisture by dry mass from the

equation
X )
100

y= x| (1 -
where
Y is the moisture content as a percentage of the dry
mass;
X is the moisture content as a percentage of the wet
mass; .
and record the results to the nearest 0.1 % of the dry mass
of solids.

1.3.7 Nuclear gauge method {for on site testing only)
For details of the measurement of the in-situ moisture
content by nuclear gauges, see 3.7.

1.3.8 Test report
The test report shall affirm that the moisture content was
determined in accordance with 1.3 of BS 1924 : Part 2:
1990 and whether or not a certificate of sampling is
available. If available a copy of the certificate of sampling
shall be provided. The test report shall contain the follow-
ing additional information:
(a) sample identification;
(b} the moisture content as a percentage of the dry
mass of the stabilized material;
{c) the method used for the determination of moisture
content, i.e. the definitive oven-drying method or
whichever of the subsidiary methods was used.

NOTE. Normally the subsidiary methods will be used for site
control purposes where the need for a test report will not arise.

1.4 Determination of effect of the
stabilizer on plasticity properties

1.4.1 Principle

Lime (and to a lesser extent cement) has a marked effect
on the plasticity properties of materials containing clay
minerals. This is brought about by two separate
mechanisms; firstly, there is an immediate effect as a result

.of cation exchange at the surface of the clay particles and,

secondly, there is a longer term effect as a result of the
pozzolanic reaction between the lime {or lime liberated

by hydrated cement) and the clay minerals. The cation
exchange reactions have the most influence on the
plasticity properties whilst the pozzolanic reaction is largely
responsible for the increase in strength which occurs over

a period of time.
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The requirements of BS 1924 : Part 1 shall, where appro-
priate, apply to this test method.

1 .4;2 Apparatus _
1.4.2.1 General apparatus

1.4.2.1.1 Apparatus for the determination of moisture
content by the oven-drying method given in 1.3.3.1.

14.21.2 A 2 mm and a 425 um test sieve with receivers
complying with 4.2.4.2 of BS 1924 : Part 1 : 1990.

1.4.2.1.3 A sharp knife,

1.4.2.1.4 An implement for shredding cohesive material.

1.4.2.1.5 Two palette knives.

NOTE. A convenient size is one having a blade 200 mm long
and 30 mm wide.

1.4.2.1.6 Airtight containers, such as polyethylene bags
of suitable size and sheets of plastics sheeting.

1.4.2.1.7 An evaporating dish, 150 mm in diameter.

1.4.2.1.8 A flat glass plate.
NOTE 1. A convenient size is about 10 mm thick and 500 mm
square.

NOTE 2. When determining the plastic limit, the condition of the
surface of the glass plate may affect the behaviour of the rolled
threads. Mixing of material containing silica particles inevitably
scratches a glass surface so the plate used for mixing the material
with water will not generally be suitable. Use of a separate
unscratched glass plate for the rolling operation will reduce
discrepancies due to this effect.

1.4.2.1.9 A wash bottle, containing distilled or
demineralized water.

1.4.2.1.10 Glass beakers, of 1 L capacity and a plastic
bucket of 6 L capacity.

1.4.2.1.11 A glass stirring rod.

1.4.2.1.12 A length of rubber or plastic tubing,
for connection to the water supply, fitted at the other
end with a spray nozzle.

1.4.2.2 Additional apparatus for determination of the
plastic limit

1.4.2.2.1 A length of rod, 3 mm in diameter and about
100 mm fong.

1.4.2.3 Additional apparatus for determination of the
liquid limit -

1.4.2.3.1 A penetrometer, as used in bituminous material
testing complying with BS 2000 : Part 49.

1.4.2.3.2 A cone of machined stainless steel complying
with the essential details shown in figure 1(a). The surface
of the cone shall be smooth, polished and dry (see note).
To ensure that the point remains sufficiently sharp for

the purpose of the test, the cone shall be replaced if after
continued use the point can no longer be felt when brushed
lightly with the tip of the finger when the tip of the cone

is pushed through a hole 1.6 £ 0.02 mm in diameter, bored
through a metal plate 1.75 % 0.1 mm thick (figure 1({b)).
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NOTE. The effect of surface roughness is more significant than
small variations in cone angle or bluntness of the tip.

1.4.2.3.3 One or more metal cups, approximately 556 mm

‘in diameter and 40 mm deep with the rim parallel to the

flat base.

1.4.2.3.4 A metal straightedge, with bevelled edge,
approximately 150 mm long.

1.4.3 Sample preparation

NOTE. The procedure given assumes that laboratory trials are being
made to find the effect of the addition of stebilizer on the plasticity
proparties of the material. If it is desired to find the plasticity
properties of field-mixed material the sample preparation procedure
is not applicable. However, if required the plasticity properties of
field-mixed material may be determined with appropriate modifica-
tions by the procedure given in 1.4.5 and 1.4.6.

1.4.3.1 Taking of sample. The sample received at the
laboratory shall be taken in accordance with clause b of
BS 1924 : Part 1 : 1990.

1.4.3.2 Reduction of sample. Reduce the laboratory
sample by the procedures described in 1.4.3.3 or 1.4.3.4.
Wherever possible the tests shall be carried out on material
in its natural state. With many fine-grained materials it is
possible to remove the few coarse particles present,

i.e. particles retained on a 425 ym sieve, by hand, otherwise
these particles shall be removed as described in 1.4.3.4.

Do not oven-dry the material and do not allow it to dry in
air more than is necessary to prepare the test portions

for test.

1.4.3.3 Initial preparation of cohesive fine-grained
materials

1.4.3.3.1 From a laboratory sample of fine-grained
material in its natural state, and which contains little or no
material retained on a 426 pm test sieve, take a representa-
tive test portion weighing about 500 g. Cut it into small
pieces using a knife or grater and remove any coarse
particles by hand or with tweezers.

1.4.3.3.2 If coarse particles are present determine their
mass and the mass of the sample used.

NOTE. These weighings enable the approximate proportion of
coarse material to be calculated if required.

1.4.3.3.3 Determine the maoisture content of @ 50 g sample
of the test portion by the oven-drying method described

in 1.3.3. Place the remainder of the test portion in an air-
tight container that is just large enough to hold the
material and store until required.

1.4.3.4 /nitial preparation of all other materials

1.4.3.4.1 From the laboratory sample take a representa-
tive test portion of the material to give a test specimen
passing the 425 um test sieve weighing at least 500 g.

1.4.3.4.2 From the test portion take a representative
sample of mass about 10 % of the total mass for the
determination of moisture content (w %) by the oven-
drying method described in 1.3.3.
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1.4.3.4.3 Weigh the remainder of the test portion to an
accuracy of within 0.03 %. Record the mass {m).

1.4.3.4.4 Place the weighed test portion in a suitable
container under just enough distilied or demineralized
water to submerge it. Stir the mixture until it forms a
slurry.

NOTE. If practicable use distilled or demineralized water through-
out the stages of washing; on no account should dispersants or
flocculating agents be used in this or any subsequent stage.

1.4.3.4.5 Pour the slurry through a suitable guard sieve
{or sieves) and the 425 pm test sieve, nested in a receiver,
Use the minimum amount of water necessary to wash the
fines through into the receiver (or into a larger container
if necessary) until the water passmg the 425 pum test sieve
is virtually clear.

1.4.3.4.6 Collect together the washed material retained
on the sieves, dry it at 106 °C to 110 °C and determine its
mass to the same accuracy as before (m;).

1.4.3.4.7 Allow the fins particles in the wash water to
settle out and after a suitable interval carefully pour off
the clear water above the suspension.

1.4.3.4.8 Allow the suspension to dry partially in a current
of warm air, protected from dust, until it forms a stiff
paste.

1.4.3.4.9 Determine the moisture content of a 50 g sample
of the test portion by the oven-drying method described

in 1.3.3. Place the remainder of the test portion in an air-
tight container that is just large enough to hold the material
and store until required.

1.4.3.4.10 Calculate the dry mass {mg, in g) of the initial
test portion and the percentage of particles (p,) passing the
425 pm sieve from the equation .
My = 100m, /(100 + w)
where
w is the moisture content (in %);
my is the mass of the sample as determmed in 1.4.3.4.3
{ing);
=100 (mg - mg) /[ mq (in %);
ma, is the mass of the sample as determlned in14.3.4.6
(ing). 7
1435 Preparation of samples for plastic limit
determination
1.4.3.5.1 Two test samples are required for this deter-
mination, one of the material in its natural condition and
" the other of the materlal to which the stabilizer has been
added.
1.4.3.6.2 Take two test samples each of mass about 25 g
from the paste prepared as described in 1.4.3.3.3
or 1.4.3.4.9, Weigh each sample to 0.1 g and calculate its
dry mass from the inass of the wet sample and the value
of its moisture content.
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1.4.3.5.3 To.one sample add the required amount of
stabilizer and mix thoroughly on the glass plate with
palette knives. If the lmmedlate effect of the stabilizer
on-the plastic limit is required determine the plastic limit
of both samples as described in 1.4.4. If the change of
plastic limit with time is being investigated roll each sample
into & ball, wrap each in plastics sheeting and store in an
airtight container until required.

1.4.3.6 Preparation of samples.for /iquid limit
determination

1.4.3.6.1 Two test samples are required for this deter-
mination, one of the material in its natural condition and
the other of the material to whlch the stabuhzer has been
added. .

1.4.3.6.2 Take the material, prepared as described

in 1.4.3.3.3 or 1:4.3.4.9, set aside about 50 g for the deter-
mination of the plastic limit, if this has not already been
done. Split the remaining sample in half, weigh each test
sample to 0.1 g and calculate its dry mass from the mass of
the wet sample and the value of its moisture content.

1.4.3.6.3_ To one sample add the required amount of
stabilizer and mix thoroughly with the palette knives on
the glass plate. Mix the paste for at least 10 min (see note)
and if necessary add more distilled or demineralized water
so that the first cone penetration, when tested as described
in 1.4.5, is about 15 mm, If the immediate effect of the
stabilizer on the liquid limit is required determine the
liquid limit of both samples as described in 1.4.5. If the
change of liguid limit with time is being investigated roll
each sample into a ball, wrap each in plastics sheeting and
store in an airtight container until required.

NOTE. Some materials, e.g. clays of high plasticity, may require
up to 40 min of continuous mixing immediately before testlng to
obtain reliable results.

1.4.4 Determination of the plastic limit ¢
1.4.4.1 Procedure

1.4.4.1.1 For each test sample, allow the sample to dry on
the glass plate (1.4.3.6.3) until it becomes plastic enough to
be shaped into a ball. If the sample is too dry to start with
mix it with water until it is in a plastic condition.

1.4.4.1.2 Mould the ball between the fingers and rolil it
between the palms of the hands until the heat of the hands
has dried the sample sufficiently for cracks to appear on its
surface. Divide this sample into two subsamples of approxi-
mately 10 g each and carry out a separate determination
on each portion. Divide each subsample into four approxi-
mately equal parts and treat each part as described

in 1.4.4.1.3 10 1.4.4.1.7.

1.4.4.1.3 Mould the sample in the fingers to equalize the
distribution of moisture, then form it into a thread about
6 mm diameter between the first finger and thumb of
each hand. ' ’
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1.4.4.1.4 Roll the thread between the fingers (finger-tip
to the second joint) of one hand and the surface of the
glass rolling plate. Use enough pressure to reduce the
diameter of.the thread to about 3'mm in five to ten
complete (forward and back) movements of the hand.
{Some heavy clays will require 10 to 16 movements when
the sample is near the plastic limit, because the material
hardens at this stage). Maintain a uniform rolling pressure
and do not reduce the pressure as the thread dlameter
approachas 3 mm,

1.4.4.1.5 Pick up the sample, mould it between the fingers.
to dry it further, form it into a thread and roll it out again
asin 14.4.14.

NOTE. Gradual drying of the material is achieved by alternately
rolling and moulding, not by continual rolling (either as a ball or
threads) which produces a dry crust.

1.4.4.1.6. Repeat 1.4.4.1.5 until the thread shears both
longitudinally and transversely when it has been rolled to
about 3 mm diameter, as gauged by the metal rod {see
note). Do not gather the pieces of material together after
they have been crumbled, and re-form a thread. The first
crumbling point is the plastic limit.

NOTE, With materials that are only marginally plastic it is often
difficult to obtain the correct crumbling condition.

1.4.4.1.7 Gather together the portions of the crumbled
thread, transfer them to a suitable container and replace
the lid immediately.

14.4.1.8 Repeat 1.4.4.1.3 to 1.4.4.1.7 on the other three
portions of the sample, replacing them all in the same
container, determine the moisture content of the material
in the container as described in 1.3.3.

1.4.4.1.9 Repeat 1.4.4.1.2 to 1.4.4.1.8 on the duplicate
subsample formed in 1.4.4.1.2.

1.4.4.2 Calculations and expression of results

NOTE. A typical data and calculation form for the determination
of the plastic limit is given in form B of appendix A.

1.4.4.2.1 Calculate the moisture content of both sub-
samples tested, as described in 1.3.3.

1.4.4.2.2 If the two results differ by more than 0.5 %
moisture content repeat the whole test.

1.4.4.2.3 Calculate the average of the two moisture
content values and report this as the plastic limit of the
sample under test to the nearest whole number. ‘

1.4.5 Determination of the liquid limit
1.4.5.1 Procedure

1.4.5.1.1 For each test sample, place the test sample on the
glass plate and, if necessary, mix with more distilled or
demineralized water so that the first cone penetration
reading is about 15 mm,

1.4.5.1.2 Push a portion of the mixed material into the
cup with a palette knife taking care not to trap air. Strike
off excess material with the bevelled edge of the straight-
edge to give a smooth surface.
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1.4.5.1.3 With the penetration cone locked in the raised
position lower the supporting assembly so that the tip of
the cone just touches the surface of the material. When the
cone is in the correct position a slight movement of the
cup will just mark the surface. Record the reading of the
dial gauge to the nearest 0.1 mm,

1.4.5.1.4 Release the cone for a period of 5 £ 1 s. If the
apparatus is not fitted with an automatic release and
locking device take care not to jerk the apparatus during
this operation. After locking the cone in position lower
the dial gauge to the new position of the cone shaft and
note the reading to the nearest 0.1 mm. Record the
difference between the beginning and end of the drop as
the cone penetration.

1.4.5.1.6 Lift out the cone and carefully clean it, taking
care not to scratch the surface.

1.4.6.1.6 Add a little more wet material to the cup,
taking care not to trap air, make the surface smooth as
in 1.4.5.1.2 and repeat steps 1.4.5.1.3 to 1.4.5.1.5.

1.4.5.1.7 Proceed as follows, as applicable:

(a) if the difference between the first and second
penetration readings is less than 0.5 mm record the
average of the two penetrations and proceed

to 1.4.5.1.8;0r

{b) if the second penetration is more than 0.5 mm and
less than 1 mm difference from the first, carry out a
third test; if the overall range is not more than 1 mm
continue at 1.4.5.1.8; or

(c) if the overall range is more than 1 mm remove the
material from the cup, re-mix and repeat 1.4.5.1.2

to 1.4.5.1.7 until constant results are obtained before
proceeding to 1.4.5.1.8.

1.4.5.1.8 Take a moisture content sample of about 10 g
from the area penetrated by the cone and determine the
moisture content as described in 1.3.3.

1.4.5.1.9 Repeat steps 1.4.5.1.2 and 1.4.5.1.8 at least
three more times using the same sample of material to
which further increments of distilled water have been
added. The test shall always proceed from the drier to the
wetter condition of the material. The amount of water
added shall be such that a range of penetration values of
approximately 16 mm to 26 mm js covered by the four -
or more test runs and are evenly distributed. Each time
material is removed from the cup for the addition of
water the cup shall be washed and dried.

1.4.6.1.10 If at any time during the above procedure the
material has to be left for a short time on the glass plate
it shall be covered with the evaporating dish or damp
cloth to prevent it drying out.

1.4.5.2 Calculations and expression of results
NOTE, A typical data and calculation form for the determination
of the liquid limit is given in form C of appendix A.

1.4.5.2.1 Calculate the moisture content of each separate
determination as descnbed in 1.3.3,
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1.4.5.2.2 Plot the relationship between moisture content
and cone penetration with the percentage moisture
contents as abscissae and the cone penetrations as ordinates,
both on linear scales. '

1.4.5.2.3 Draw the best straight line fitting the plotted
points,

1.4.5.24 From the linear graph read off the moisture
content corresponding to a cone penetration of 20 mm as
the liquid limit of the sample under test,

1.4.6 Derivation of the plasticity index

1.4,6.1 Determine the plastic limit {(wp} by the procedure
given in 1.4.4 and the liquid fimit (w_) by the procedure
givenin 1.4.5.

1.4.6.2 Calculate the plasticity index (/p, in %) from the
equation

lp=w - Wp

1.4.7 Test report

The test report shall affirm that the effect of the stabilizer
on the plasticity properties of the material were determined
in accordance with 1.4 of BS 1924 : Part 2 : 1990 and
whether or not a certificate of sampling is available.

If available a copy of the certificate of sampling shall be
provided. The test report shall contain the following
additional information:

(a) sample identification;

(b) the amount and type of stabilizer used; .

{c) the lapse in time (if more than 3 h) between the
addition of the stabilizer and carrying out the test;
{d) the plastic limit.and/or the liquid limit of the
material with and without the addition of stabilizer;

{e) the proportion of material that was used, i.e. the
amount that passes the 425 um test sieve, and the
method to be used to obtain the material to be tested,
i.e. whether as described in 1.4.3.3 or 1.4.3.4;

(f) if both the liquid limit and the plastic limit have
been determined, the plasticity index.

1.5 Determination of degree of
p,ul_veri—zatio}n

15.1 Principle
The determination of the degree of pulverization is carried
out on spot samples taken from small areas of the mixed

‘material. It is essential that the individual lumps “of
material are not broken down during the sampling and
sample reduction operations. For this reason it is better to
take a sample of the mass required for the test rather than
to obtain a larger sample and then to reduce this to the
required mass by sample reduction.

The requirements of BS 1924 Part 1 shall where appro-

“priate apply to this test method..
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1.5.2 Apparatus

1.5.2.1 A balance, of 5 kg minimum capacity, readable
to1g.

1522 A5 hm test sieve, and receiver, complying
with 4.2.4.2 of BS 1924 : Part 1 : 1990.

1.5.2.3 A scoop, e.. as in figure 2 of BS 1924 : Part 1 :
1990.

1.5.2.4 A tray, approximately 300 mm square.

1.5.3 Procedure

Take a sample of the material approximately 1 kg in mass
and weigh to the nearest 1 g {m). Spread this on the sieve,
taking care not to overload it, and shake it gently. Do not
force material through the sieve and ensure that the lumps
of material are broken as little as possible. Determine the
mass of the material retained on the sieve to the nearest

1 g (my). Break any lumps of the material retained on the
sieve until all individual particles finer than 5 mm are
separated. Replace on the sieve and shake the sieve until
all the material finer than 5 mm has passed through it.

"Determine the mass of the material that is still retained

on the sieve to the nearest 1 g (m3).

1.5.4 Calculations and expression of results
NOTE. A typical data and calculation form for the determination

of the degree of pulverization is given in form D of appendix A.
1.5.4.1 Calculate the degree of pulvérization (P, in %)
from the equation:.
P= 100(”’1 - "M)/(m;
where
my is the total mass of the sample (in g);
my is the mass of the unbroken material retained on
the sieve {in g); -
mj is the mass of the material finally retained on the
sieve {in g).
1.6.4.2 Report the degree of pulverization to the nearest
5 %.

- mg)

1.56.5 Test report
Normally this test is used for site control purposes where
the need for a test report will not arise. If a test report is
required it shall affirm that the degree of pulverization
was determined in accordance with 1.5 of BS 1924 :
Part 2 : 1990, The test report shall contain the followlng
additional information:
{a) sample identification;
(b} the degree of pulverization of the sample to the
nearest 5 %.

10
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Section two. Compaction related tests

2.1 Determination of the dry density/
moisture content relation

2.1.1 Principle

Compaction of stabilized material is the process by which
the solid particles are packed more closely together,
usually by mechanical means, thereby increasing the dry
density of the stabilized material. The dry density which
can be achieved depends on the degree of compaction
applied and the amount of water present in the material,
For a given degree of compaction of a given material there
is usually an optimum moisture content at which the dry
density obtained reaches a maximum value. With free-
draining granular materials, however, the moisture/
density relation may have little meaning.

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

2.1.2 Types of test

2.1.2.1 Three types of compaction test are described each
with procedural variations related to the nature of the
material. The first of these is the ‘light’ compaction test in
which a 2.5 kg rammer is used {see 2.1.3). The second is
the ‘heavy’ compaction test which is similar but gives a
much greater degree of compaction by using a 4.5 kg
rammer with a larger drop on thinner layers of material
(see 2.1.4).

2.1.2.2 For both these tests a 1 L capacity compaction
mould is used for fine-grained materials and for medium-
grained materials containing less than 5 % retained on a
20 mm test sieve. For other medium-grained materials and
for coarse-grained materials the tests are carried out in the
larger “CBR" mould (see notes 1 and 2).

2.1.2.3 The third type of test makes use of vibratory
compaction and is intended mainly for granular
{non-cohesive) materials. Two methods of vibratory com-
paction are given, the first (preferred) method uses the
special apparatus described in 2.1.5. Thesecond {subsidiary)
method uses a hand- held vibrating hammer and a CBR
mould (see 2.1.6). - )

NOTE 1. The requirements for compaction in the CBR mould are
bssed on the same compactive effort per unit volume of material
as in the standard 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 material, one size
of mould should therefore be used throughout.

NO'i’E 2. 1f niore than 16 % of material is retained on a 37.5 mm
test sieve the material is too coarse to ba tested.
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2.1.3 Method using 2.5 kg rammer

2.1.3.1 Sampling. The sample received at the labaratory
(the laboratory sample) shall be taken in accordance with
clause 5 of BS 1924 : Part 1 : 1990.

Reduce the laboratory sample by the procedures described
in 5.4 of BS 1924 : Part 1 : 1990 to produce at least five
test portions each with ah approximate mass of 2.5 kg in
the case of fine and medium-grained materials to be
compacted in the 1 L mould, or an approximate mass of

8 kg in the case of medium and coarse-grained materials
to be compacted in a CBR mould.

21 32 Apparatus

2.1.3.2.1 A cylindrical metal mould (the 1 L compaction
mould), having a nominal internal volume of 1 L {for fine-
grained and medium-grained materials (see 2.1.2.2).

The mould shall be fitted with a detachable baseplate and
a removable extension. Its dimensions shall be as shown in
figure 2 which also indicates one suitable design of mould.
The internal faces shall be smooth, clean and dry before
each use.

2.1.3.2.2 A CBR mould {for medium and coarse-grained
materials (see 2.1.2.2)) as used for the determination of
the California Bearing Ratio and as specified in 4.5.

- 2.1.3.2.3 A metal rammer, having a 50 mm diameter

1

circular face weighing 2.5 kg-and complying with the
essential dimensions shown in figure 3. The rammer shall
be equipped with a suitable arrangement for controlling
the height of drop to 300 £ 3 mm. The machine shall be
firmly supported on a heavy solid base such as concrete
floor or plinth.
NOTE. One suitable form of hand apparatus is shown in figure 3,
A motorized form of the apparatus may be used provided:
(a) that the essential dimensions of the rammer and mould are
adhered to;

(b) that the rammer has a free vertical fall of the correct
controlled height; and ’

{c) that the density achieved is within + 2 % of the density
achieved by using the hand rammer.
2.1.3.2.4 A balance of, either:

(a) 10 kg minimum capacity readable to 1 g, for tests
carried out in a standard mould; or

{b) 25 kg minimum capacity readable to 5'g, for tests
carried out in a CBR mould.
2.1.3.2.8 A palette knife.

NOTE. A convenient size is one having a blade approximately
100 mm long and 20 mm wide.

21326 A straighi‘edge, e.g. a steel strip approximately
300 mm long, 25 mm wide and 3 mm thick, with one
bevelled edge.

21327 A20 mm and a 37.5 mm test sieve and receivers.

2.1.3.2,8 A /arge metal tray.

NOTE. A convenient size is one about 600 mm X 500 mm with
sides 80.mm deep.
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2.1.3.2.9 Apparatus for determination of the moisture
content, by the oven-drying method given in 1.3.3.

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

2.1.3.3 Preparation of the test portions

2.1.3.3.1 For fine and medium-grained materials
compacted in the 1 L mould

2.1.3.3.1.1 Remove all stones reatined on the 20 mm test
sieve (see note) from each of the test portions, obtained as
described in 2.1.3.1.

NOTE. The removal of small amounts of stone (up to & % retained
on a 20 mm test sleve) will affect tha density obtainable only by
amounts comparable with the experimental error involved in
messuring the maximum dry density. If more than § % of materlal
is retained on the 20 mm test sieve the procedure for medium and
coarse-grained materials should be followed.

2.1.3.3.1.2 Mix each of the test portions with the required
amounts of water (see note 1) and stabilizer (see note 2)

as described in clause-6 of BS 1924 : Part 1 : 1990. Mix the
respective test portions with the different amounts of
water to give a suitable range of moisture contents.
The range of moisture contents shall be such that the
optimum moisture content, at which the maximum dry
density aceurs, is within that range (see note 3). Do not
mix any test portion with stabilizer until it is ready to be
compacted. ’

NOTE 1. The choice of the range of moisture contents to use is
inavitably one of trial-and-error and an unfortunate choice could
lead to a large number of test portions being required. Consequently

although five test portions may be sufficient it is usually necessary
to be prepared to produce a larger number than this.

NOTE 2. if the amount of stabilizer required has not been deter-
mined at this stage, the amount may be estimated, but the test
should be repeated with the required amount of stabilizer if this
is found subsequently to be different from the estimated amount.

NOTE 3. The range of moisture cantents obtained should include
the optimum moisture content and the amounts.of water to be
added to the test portions will therefore vary.with the type of
stabilized material under test. {n general with non-cohesive
materials @ minlmum molsture content of 4 to 6 % would be
suitable with additional increments of 1 to 2 % for each successive
test portion tested. With cohesive materials a minimum moisture
content of 8 to 10 % below the plastic limit of the material would
usually be suitable with additional increments of 2 to 4 % for each
successive sample tested. To increase the accuracy of the test it is
often advisable to reduce the increments in the region of the
optimum moisture content.

2.1.3.3.2 For medium and coarse-gramed materlals
compacted in 8 CBR mould

2.1.3.3.2.1 Remove all stones retained on the 37.5 mm test
sieve from each of the test'portions, obtained as described
in 2.1.3.1. If more than 156 % of material is removed the
material is too coarse 1o be tested by the procedure given
here. -

2.1.3.3.2.2 Follow the procedure given in 2,1.3.3.1.2.

12
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2.1.3.4 Compaction procedure for use with the 1 L mould

2.1.3.4.1 Weigh the mould with the baseplate attached to
the nearest 1.g (m; ). Measure the internal dimensions to

0.1 mm to ensure that the.mould comphes with the

specification.

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

2.1.3.4.3 Place a quantity of the first test portion in the
mould such that when compacted it occupies a little over -
one-third of thé height of the mould body.

2.1.3.4.4 Apply 27 blows from the rammer dropped from
a height of 300 = 3 mm abovae the material. Distribute the
blows uniformly over the surface and ensure that the
rammer always falls freely and is not obstructed by the
material in the guide tube. Allow the rammer to fall under
its own mass and do not impart any momentum to it when
it is released.

2.1.3.4.5 Repeat 5téps.2,1.3.4.3 and 2,1.3.4.4 twice more,
so that the amount of material 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). Complete
the compaction of the test portion within 20 min of
adding water to the mix.

NOTE, It is necessary to control the total volume of material

compacted since, if the amount of material struck off after
removing the extension is too great, the result will be inaccurate.

2.1.3.4.6 Remove the extension, strike off the excess
material and level off the surface of the compacted material
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.

2.1.3.4.7 Weigh the material and mould with baseplate to

‘the nearest 1 g (m3).

2.1.3.4.8 Remove the compacted specimen from the
mould and place it on the large metal tray. Take a represen-
tative sample of the material for determination of its
moisture content by the oven-drying method described

in 1.3.3. Alternatively the whole specimen may be dried
out.

2.1.3.4.9 Repeat steps 2.1.3.4.1 to 2.1.3.4.8 with the
remaining test portions to g|ve a total of at least five
determinations.

2.1.3.5 Compaction procedure for use with the CBH
mould, Fallow the procedure given in 2.1.3.4 except for
the following.
(a) In 2.1.3.4.1, weigh the mould, with baseplate
attached to the nearest 5 g (m, ).
(b) In 2.1.3.4.4, apply 62 blows from the rammer
dropped from a height of 300 + 3 mm to each layer.
{c) In 2.1.3.4.7, weigh the material and mould with
baseplate to the nearest 5 g (m;).
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2.13.6 Calculations and expression of results

NQTE. A typical data and calculation form for the determination
of the dry density/moisture content relation is given in form E of
appendix A,

. 2.1.3.6.1 Calculations

2.1.3.6.1.1 Calculate the bulk density (p, in Mg/m®) of
each compacted specimen from the equation:
p=1my -myllv
where
m; is the mass of the mould and base (in g);
my is the mass of the mould, base and compacted
material (in g);
v is the volume of the mould (in mL).
where
v = 1000, for a mould having the dimensions shown
in figure 2; .
- v = 2306, for a CBR mould having the dimensions
specified in 4.5.2.5.

2.1.3.6.1.2 Calculate the dry density (pq4, in Mg/m®) of
each compacted specimen from the equation:

Pa =100p /{100 + w)
where
w is the moisture content of the relevant test portion.

2.1.3.6.1.3 Plot the dry densities, obtained from a serias
of determinations, as ordinates against the corresponding
moisture contents as abscissae. Draw a smooth curve
through the pointgand identify the position of the
maximum on this curve {see¢ note). Read off the values
of dry density and moisture content to three significant
figures corresponding to that point {see figure 1 of

BS 1924 : Part 1 : 1990}, .

NOTE. The maximum may lie betwesen two observed points and

care should be taken in drawing the curve not to exaggerate its
peak.

2.1.3.6.1.4 To assist in drawing the curve, and for
comparison on the same graph, plot the curves correspond-
ing to zero, B % and 10 % air voids calculated from the
equation: '

Va ]

. '~ Fo0

Pd = Pw 1 . w

0. | 100
where o

Pq- is the. dry density of the stabilized material
{in Mg/m3); _

Pyw is the density of water assumed to be 1.000
{inMg/m3); :

V, is the volume of air voids in the'compacted stabilized
mixture expressed as a percentage of the total
volume of the mixture;

w is the moisture content of the stabilized material
{in %);

P2 is the combined particle density (in Ma/m®) of the
material plus stabilizer calculated from the equation:

BS 1924 : Part 2 :-1990
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1e S
_ 100
Pz 1 P
— +
Pm P
where

¢ s the stabilizer content expressed as a percentage
of the dry material;

Pm is the particle density of the material (in Mg/m?®);
Pe is the particle density of the stabilizer;
where the following values may be assumed:

Pc = 3.12 Mg/m® at 20 °C for cement;

Pe = 2.13 Mg/m® at 20 °C for lime.

2.1.3.6.2 Reparting of results. Report the following
information:

(a) the method used for obtaining the result, i.e.-the

2.5 kg rammer method using the 1 L or the CBR mould;

(b) the amount of material retained on the 20 mm and
- 37.5 mm test sieves to the nearest 1 %;

{c) the experimental points and the smooth curve drawn
through them (see note) showing the relation between
moisture content and dry density;

(d) the dry density {(in Mg/m®) corresponding to the
maximum dry density on the compaction curve to the
nearest 0.01;

(e) the optimum moisture content at which the

maximum dry density occurs. Report the values of

moisture content to two significant figures.
NOTE. For some highly permeable materials such as clean gravels,
uniformly graded and coarse-clean sends the resuits of this test may
provide only a poor guide to specifications on field compaction.
The Isboratory test might indicate meaningless values of moisture
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.

214 'Method using 4.5 kg rammer

2,1.4.1 Principle. This method covers the determination of
dry density measured as the-mass of dry solids per m®
when a stabilized material is compacted in a specified
manner over a range of moisture contents. The range
includes the optimum moisture content at which the
maximum dry density for this degree of compaction is
obtained. In this test the compactive effort is greater than
that used for the 2.5 kg rammer method, the mass of the
rammer being increased to 4.6 kg and the height of fall to
450 = 4 mm. Otherwise the test procedurs is broadly

similar to that used in the previous test.

214.2 Sémpling. The sample received at the laboratory
(the laboratory sample) shall be taken in accordance with -
clause 5 of BS 1924 : Part 1 : 1990,

Reduce the laboratory sample by the procedures described
in 5.4 of BS 1924 : Part 1 : 1990 to produce at least five
test portions each with an approximate mass of 2.5 kg,

in the case of fine and medium-grained materials to be
compacted in a 1 L mould, or an approximate mass of

8 kg in the case of medium and coarse-grained materials
to be compacted in a CBR mould.

13
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2.1.4.3 Apparatus

NOTE. The apparatus required for this test is identical to that
given in 2,1.3.2 except that the rammer specified in 2,1,3.2.3 is
replaced with a rammer as spacified in 2.1.4.3.1.

2.14.3.1 A metal.tammer, having a 50 mm diameter
circular face, and weighing 4.6 kg. The rammer shall be
equipped with a suitable arrangement for controlling the
height of drop to 450 * 4 mm, The machine shall be firmly
supported on a heavy solid base such as concrete floor or
plinth. .

NOTE. One suitable form of hand apparatus and the tolerances on

the essential dimensions is shown in figure 4, A motorized form
of the apparatus may be used provided:

{a} that the essential dimensions of the rammer an& mould are
adhered to;

{b) that the rammaer has a free vertical fall of the correct
controlled height;

(c) that the density achieved is within £ 2 % of the density
achieved by using the hand rammer,

2.1.4.4 Preparation of the test portions.. Prepare the test
portions of fine and medium-grained materials compacted
in the 1 L mould in accordance with 2.1.3.3.1. Prepare

the test portions of medium and coarse-grained materials
compacted in the CBR mould in accordance with 2.1.3.3.2.

2.1.4.5 Compaction procedure for use with the 1 L mould

2.1.4.5.1 Weigh the mould with the baseplate attached to
the nearest 1 g (m). Measure the internal dimensions to
0.1 mm to ensure that the mould complies with 2.1.3.2.1.

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

2.1.4.5.3 Place a quantity of the first test portion in the
mould such that when compacted it occupies a little over
one-fifth of the height of the mould body.

2.1.4.5.4 Apply 27 blows from the rammer dropped from
a height of 450 + 4 mm above the material. Distribute the
blows uniformly over the surface and ensure that the
rammer always falls freely and is not obstructed by the
material in the guide tube. Aliow the rammer to fall under
its own mass and do hot impart any momentum to it when
it is released.

2.1.4.5.5 Repeat steps 2.1.4.5.3 and 2.1.4.5.4 four more
times, so that the amount of material 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).
Complete the compaction of the test portion within

"20 min of adding water to the mix.

. NOTE. it is necessary to control the total volume of material

compacted since, if the amount of material struck off after remov-
ing the extension is too great, the result will be inaccurate.

2.1 .4_;5.6 ‘Remove the extension, strike off the excess
material and level off the surface of the compacted
material 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,

wall plyes;seq in.
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2.1.4.5.7 Weigh the material and mould with baseplate
to the nearest 1 g (m,).

2.1.4.58 Remove the compacted specimen from the mould
and place it on the large metal tray. Take a representative -
sample of the material for determination of its moisture
content by the oven-drying method described in 1.3.3.
Alternatively the whole specimen may be dried out.

2.1.4.5.9 Repeat steps 2.1.4.5.1 to 2.1.4.5.8 with the
remaining test portions to give a total of at least five
determinations.

2.1.4.6 Compaction procedure for use with the CBR

‘mould. Follow the procedure given in 2.1.4.5 except for

the following. :
(a) In 2.1.4.5.1, weigh the mould, with baseplate
attached to the nearest 6 g (my).
{b) In 2.1.4.5.4 apply 62 blows from the rammer
dropped from a height of 450 = 4 mm to each layer.
(c) In 2.1.4.5.7 weigh the material and mould with
baseplate to the nearest 5 g (m,).

2.1.4.7 Calculations and expression of results. Calculate
and express the results in accordance with 2.1.3.6.

2.1.4.8 Reporting of resuits. Report the results in accor-
dance with 2.1.3.6.2, except that in (a) state that the
4.5 kg rammer method was used.

2.1.5 Method using vibratory compaction (Definitive
method)

2.1.8.1 Principle. This method covers the determination
of the dry density measured as the mass of dry solids per

_ cubic metre when a stabilized granular material is

compacted in a specified manner by vibratory compaction
over a range of moisture contents. For most materials the
range includes the optimum moisture content at which the
maximum dry density for this degree of compaction is
obtained but with some free-draining granular materials
no such optimum can be identified (see 2.1.5.8.1.5).
NOTE. This method is recommended in preference to the methods
given in 2.1.3 and 2.1.4 for highly permeable stabilized materials
such as clean gravels, uniformly graded and coarse clean sands on

which the tests described in 2.1.3 and 2.1.4 may provide only a
poor guide for specifications on site compaction. Results given by

- this method provide a satisfactory guide to the optimum moisture

content for site compaction and, generally, the maximum density -
given by the test is only slightly greater than that obtained on
full-scale site operations.

2.1.5.2 Sampling. The sample received at the laboratory
(the laboratory sample) shall be taken in accordance with
clause 6 of BS 1924 : Part 1 : 1990.

Reduce the laboratory sample by the procedures described
in 5.4 of BS 1924 : Part 1 : 1990 to produce at least
12 test portions each with an approximate mass of 2.5 kg.
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NOTE. The choice of the range of moisturs contents to use is
inavitably one of trial-and-error and an unfortunate choice could
lead to a large number of test portions being required, Consequently
although 12 test portions may be sufficient it is usually necessary

to be prepared to produce a larger number than this.

2.1.5.3 Apparatus

NOTE. The design of the apparatus required in 2.1.5.3.1, 2.1.5.3.2
and 2,1.5.3.3 below is subject to crown copyright. The Secretary
of State for Transport has agreed with BSI to make available,
through the Transport and Road Research Laboratory, licences to
market and manufacture this apparatus on non-exclusive and
non-discriminatory terms in the form of royalty payments of 7 %
of the net selling pitce of the apparatus. Applicants for licences
should apply to the Director, Transport and Road Research
Laboratory, Old.Wokingham Road, Crowthorne, Berkshire,

RG11 6AU.

2.1.5.3.1 A standard compaction mould, comprising a
body, a base, a filter assembly consisting of a geotextile
“membrane, having a pore-size of 70 to 100 pm and a
permeability under a 100 mm head of water of 50 L/m?/
sec”, placed between two perforated steel plates and an °
anvil (see note). Working dimensions of the standard
mould are shown in figure 5. The ¢ylinder bore and
external diameter of the anvil shall be parallel, the differ-
ence in diameter of the mould and the external surface

of the anvil shall be more than 0.3 mm and less than

0.9 mm. The cross-sectional area of the bore of the mould,
given to the nearest 10 mm?, shall be stamped on the side °
of the body.

NOTE. The anvil is fitted with a pair of rubber O-rings which will
suffer wear. In time this will allow fines to be forced past the
O-rings during compaction. Replacement O-rings should therefore

be kept and fitted after 50 uses or earlier if necessary. The O-rings
should comply with BS 1806 or BS 4518,

2.1.5.3.2 An electric vibrating hammer, having a power
consumption of not less than 900 W and capable of
delivering about 2000 blows/min to the anvil. It shall be
‘equipped with a suitable shank which makes contact

with the anvil (see figures 5 and 6). The hammer shall be
calibrated as described in 2,1.5.5.

NOTE 1. The power consumption and frequency requirements are
given as a guide to the type of hammer required. To ensure good
working order, overhauls and calibrations should be carried out
not less frequently than every 60 h of operation, or every 6 months,
whichever is shorter.

NOTE 2. As vibrating hammers of the type used in this test can
emit noise levels of up to 100 dB (A}, suitable noise-reduction
precautions should be taken during use.

2.1.5.3.3 A suitable loading frame to permit the hammer
to be brought into contact with the anvil in the mould
(sée figure 6). The surcharge mass and the length of the
lever arm shall be such that when the lever arm is in
position the total dead:-weight force under the anvil is
640 £ 10 N when the mould is not in position but the rest
of the apparatus is assembled.
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2.1.5.3.4 A depth gauge, clearly readable, to measure the
distance batween the top of the cylinder and the upper
surface of the anvil to an accuracy of 0.1 mm or better.

2.15.3.5 A stopwatch or stopclock or an automatic timer,
readable to 1 s to control the vibrating hammer.

2.1.5.3.6 Filter papers, 160 mm in diametert.

2.1.86.3.7 A square-holed perforated plate 37.5 mm test
sieve complying with 4.2.4.2 of BS 1924 : Part 1.: 1990.

2.1.5.3.8 A balance of 10 kg minimum capacity,
readable to 1 g.

2.1.5.3.9 A ventilated-oven temperature-controlie_d to
maintain a temperature of 1056 £ 6 °C,

2.1.56.3.10 Corrosion-resistant, water-tight containers,
such as strong polythene bags which can be adequately

. sealed.

NOTE, At least 16 containers having a minimum capacity of 2 L.
are required.

2.1.5.3.11 Apparatus for the determination of the moisture
content by the oven drying method described in 1.3.3.

2.1.5.4 Material

2.1.5.4.1 Clean silica sand, from the Woburn Beds of the
Lower Greensand in the Leighton Buzzard district+.

The grading shall be such that 100 % passes a 600 um test
sieve and 100 % is retained on a 63 um test sieve. The sand
shall be free from flakey particles, silt, clay and organic
matter.

NOTE. The sand is required for the calibration of the vibrating
hammer; 5.kg is required for each calibration. The sand cannot be
re-used (see 2.1.5.5).

2.1.5.5 Calibration of the vibrating hammer
2.1.5.5.1 Take a sample of the calibrating sand which has

not been previously used. Oven-dry the sand, sieve through
a 600 um test sieve and discard the coarse fraction.

2.1.5.5.2 Weigh out two test portions each of mass
2.5 £ 0.1 kg. Mix each test portion with water to raise its
moisture content to 2.5 * 0.25 %.

2.1.5.5.3 Compact the sand in ;che mould in accordance
with the procedure given in 2.1.6.7.

- 2.1.5.5.4 Carry out the test on each test portion and

determine the mean density. Calculate the dry density
values 1o the nearest 0.002 Mg/m3.

2.1.5.5.5 If the range of values in the two tests exceeds
0.01 Mg/m® repeat the whole procedure. Consider the
vibrating hammer suitable for use in this test if the mean
dry density exceeds 1.74 Mg/m®.

*Eurther information may be obtained from Eriquiry Section, BSI, Linford Wood, Milton Keynes MK14 6LE, enclosing a stamped

addressed envelope for reply.
tWhatman grade 113 has been fdund to be suitable.

#Further information may be obtained from Enquiries Section, BSI, Linford Woad, Milton Keynes MK14 6LE,
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2.1.5.6 Preparation-of test portions

2.1.5.6.1 Dry the test portions obtained as described

in 2.1.5.2, at 105 + 5 °C (ses note 1). Sieve the dried test
portions on a 37.6 mm test sieve and reject the material
retained after recording the percentage of oversize material
(see note 2). Each test portion after removal of the over-
size material shall have a dry mass in the range 2.4 kg

t0 2.6 kg. - :

NOTE 1. The properties of materials containing a large proportion
of clay fines may be changed by oven-drying. If ovan-drying is
likely to affect the results dry the test portions in air and determine
thelr air-dry moisture contents, Allowance must be made for the
water already present in air-dried material when adding stabilizer
and water to bring the material to a specmed moisture and stabilizer
content.

NOTE 2. If more than 16 % of material is removed the aggregate is
t0o coarse to be tested.

2.1.5.6.2 Mix each of the test portions with the required -
amount of water and stabilizer (see note 1) as described in
clause 4 of BS 1924 : Part 1 : 1990 to give suitable range
of moisture contents (see note 2).
NOTE 1. If the amount of stabilizer required has not been deter-
mined at this stage, the amount may be estimated, but the test
should be repeated with the required amount of stabilizer if this
is found subsequently to be substantially different from the
estimated amount.
NOTE 2. The range of moisture contents obtained should include
the optimum moisture content (OMC) and the amounts of water
to be added to the test portions will therefore vary with the type
of stabilized material under test. Initially, tests should be carried
out at moisture contents 2 % apart to find the approximate location
of the optimum moisture content if this is known. The precise
location of the optimum maoisture content should then be deter-
mined from tests carried out at moisture contents 0.6 % apart,
These should be chosen so that results are obtained at about the
optimum and at two moisture contents each side of the optimum
at this spacing. Two test pOl‘thﬂS should be tested at each moisture
content.
Example. Initial tests with duplicate test portions at moisture
-contents of 2 %, 4 %, 6 % and 8 % suggest-that the OMC is ebout
6.6 %. Further tests are then done at moisture contents of 6.6 %,
6.5 %,7.0 % and 7.6 % to obtain a good definition of the optimum
value. The initial test requires sight test portions and the supple-
mentary test requires another aight test portions.

2.1.5.7 Compaction test procedure

2.1.6.7.1 Before each compaction test check the compac-
tion mould to ensure that it is thoroughly clean and dry.
Assemble the mould body, base, filter plates and fibre
filter, taking care to ensure that the parts fit together
properly. Tighten the clamps to full tightness.

2.1.5.7.2 Lay three filter papers flat on the bottom of the
mould and insert the anvil into the mould so that it touches
the upper filter paper. Apply the vibrating hammer to the
anvil for about 5 s to ensure that it is properly bedded.
Measure carefully and record, to an accuracy of 0.1 mm,
the distance (e} between the bottom of the small hole
within the half-ball in the anvil and the top of the mould.
Remove the anvil and filter papers. Replace two of the
filter papers flat on the bottom of the mould.
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2.15.7.3 Remix thoroughly the appropriate test portion
in its container, Record the mass of the container and test
portion, and also that of the empty container. From these
results calculate the initial mass of the test portion {m;)

to an accuracy of 0.1 %. Place the whole of the test portion
in the mould in such a way as to form a single layer with
minimum segregation. Roughly level off the top of the

test portion, being careful not to remove any matetial ‘from
the mould, and cover it with the remaining filter paper.

2.156.7.4 Locate the filled compaction mould assembly in
the loading frame, insert the anvil into the mould so that
it rests on the upper filter paper and place the vibrating
hammer in position. Apply the surcharge load and operate
the vibrating-hammer for 180 = 5 s to compact the test
portion. _

After compaction has ended remove the vibrating hammer
from the frame and from the mould

2.1.5.7.5 With the depth gauge measure carefully and
record to an accuracy of 0.1 mm the distance {f) between
the bottom of the small hole in the anvil and the top of
the mould. Calculate the height (# = e - f) of the compact-
ed portion. Take care not to disturb the anvil after
compaction has ceased and before the depth measurement

is made.

2.1.5.7.6. Extract the compacted test portion in its
entirety from the mould, remove the filter papers and
transfer the test portion to an appropriate container of
known mass. Determine its moisture content by oven-
drying the whole contents of the container following

the oven-drying method described in 1.3.3. The moisture
content so obtained is the residual moisture content
(Wg), i.e. the- moisture content after the compaction
process has been completed..

'NOTE. The value of the residual moisture content usually differs
from*the initial moisture content because some water Is squeezed
out during compaction, [ the value of the residual maisture
content differs from the initial moisture content by more than

2 % ignore this particular result when estimating the optimum
moisture ¢ontent (see 2.1.6.8.1.4).

2.1.5.7.7 Repeat 2.1.5,7.1 t0 2.1.5.7.6 until all the
remaining test portions have been compacted.

2.1.5.8 Calculations and expression of resuits

2.1.58.1 Calculations

NOTE. A typical data and calculation form for the determination
of the dry density/moisture content refation by the vibrating
hammer method is glven in form F of appendix A. A model form
for one determination is shown in form G of appendix A; this sets
out the stages of the calculations. o

2.1.6.8.1.1 Calculate the dry mass (m,, in g) of each test
portion from the equation:

_ 100'771
M2 = w100
where

m is the initial mass of the test portion (solid partlcles
and any contained water) placed in the mould (in g);

W s the initial moisture content of the test portion, -
i.e. a value in the range W, Wy, ..., W, (in %).
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2.1.5.8.1.2 Calculate the vibrated bulk density (p,
in Ma/m®) of each portion from the equation:
100'712 (100+WR) .
ah

" where . . ,
m, is the mass of dry material (in g);

Wh is the residual moisture content of each test
portion (in %); :

a isthe cross-sectional area of the mould (m mm?);
h=e-f
where
e is the depth gauge reading in the emipty- mould
{in mm);
f is the depth gauge reading in the fllled mould
{in mm).

2, 1 5.8.1.3 Calculate the vibrated dry density (pg4,
in Mg/m?) of each test portlon from the equation:

_ 1000m,

ah
2,1.5.8.1.4 From the results obtained as described above,
plot the vibrated dry density values against the correspond-
ing residual moisture content values using the values
obtained for the individual test portions with moisture
content as the x axis of the graph and dry density as the
y axis. In addition plot the three lines representmg 0% 5%
and 10 % air voids.

NOTE. Appropriate values of dry density for given moisture
contents and air voids may be obtained from the formula given
in2.1.36.14. -

2.1.5.8.1.6 Record the results as follows:

(a) where the curve approximates to a convex curve
(see (1) of note), read the peak dry density and the
corresponding optimum moisture content from the
curve and record to the nearest 0.1 Mg/m® and 0.5 %
respectively;

{b) where the curve approximates to a concave curve
{see (2) of note), take the values for maximum dry
density and optimum moisture content as the terminal
values and record to the nearest 0.1 Mg/m® and 0.5 %
respectively;
(c) where no curve can be drawn and the best line
through the points is approximately horizontal (see (3)
of note) report that no value for optimum moisture
content exists and give the value for density for any
maoisture content.
NOTE. Compaction curves for coarse-grained materials and free-
draining medium-grained materials take three forms depending
on the grading and porosny of the stabilized material under test,
as follows:

(1) convex: 7N
{2} concave: ~—
(3) flat; —_—
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2,1.6.8.2 Reporting of results. Report the following
information:
(a) the method used for obtaining the result,
i.e. the definitive method of vibrating compaction;
(b) the-amount of material retained on the 37. 5 mm
" test sieve;
{c) the experimental points and, where possible,
the smooth curve drawn through them showing the
refationship between moisture content and dry density;

(d) where it can be identified, the dry density

{in Mg/m®) corresponding to the maximum dry
density on the compactuon curve to the nearest

0.01 Mg/m3;

(e) where it can be identified, the optimum moisture
content at which the maximum dry density accurs to
the nearest 0.5 %.

2.1.6 Method using vnbratory compaction (Subsldlary
method)

2.1.6.1 Principle. This method covers the determination
of the dry density measured as the mass of dry solids per
m® when a stabilized granutar material is compacted in a
specified manner by vibratory compaction over a range of
moisture contents. For most materials the range includes
the optimum moisture content at which the maximum dry
density for this degree of compaction is obtained but with
some free-draining granular materials no:such optimunr
can be identified (see 2.1.6.8.1.5).

NOTE, The test is an alternative to the definitive method given

in 2.1.5. Within the limits of experifental error of the test methads
it gives the same results as the definitive method and has the same
applicability. Where the apparatus is available the definitive method
is preferred because it Is easier to carry out and less dependent on
the skill of the operator. :

2.1.6.2 Sampling. The sample received at the laboratory
(the laboratory sample) shall be taken in accordance with
clause 5 of BS 1924 ; Part 1 : 1990.

Reduce the laboratory sample by the procedures described
in 5.4 of BS 1924 : Part 1 : 1990 to produce at least six
test portions each with an approximate mass of 8 kg.

. NOTE. The choice of the range of moisture contents to use is

inavitably one of trial-and-error and an unfortunate choice could
lead to a large number of test portions being required. Consequently’
although six test portions may be sufficient it is usually necessary
to be prepared to produce a larger number than this.

2.1.6.3 Apparatus
2.1.6.3.1 A cylindrical metal mould, such as a CBR mould,

" 152 mm diameter, with baseplate and extension, similar to

17

that described in 4.5. The internal faces shall be smooth
clean and dry before each use.

2.1.6.3.2 An electric vibrating hammer, having a power
consumption between 600 W and 750 W and operating at
a frequency between 25 Hz and 45 Hz. The hammer shall
be calibrated as described in 2.1.6.5.
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NOTE 1. The power consumption and frequency requirements are
given as a guide to the type of hammer required, To ensure good
working order, overhauls and calibrations should be carried out not
less frequently than every 50 hours of operation, or every 6 months,
whichever is shorter.

NOTE 2. See note to 2.1.5.3.

2.1.6.3.3 Steel tampers, for attachment to the vibrating
hammer. Suitable designs of tampers are shown in figure 7.

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

2.1.6.3.5 A balance, of 25 kg minimum capacity, readable
tobg.

2.1.6.3.6 A straightedge, e.g. a steel strip about 300 mm
long, 26 mm wide and 3 mm thick with one bevelled edge.

2.1.6.3.7 A 600 pm, 20 mm and 37.6 mm test sieve,
and receivers complying with 4.2.4.2 of BS 1924 : Part 1 :
1990.

2.1.6.3.8 A /arge metal tray.

NOTE. A convenient size is one about 600 mm X 500 mm with
sides 80 mm deep.

2.1.6.3.9 Apparatus for the determination of moisture
conteht, in accordance with the oven-drying method
described in 1.3.3.

2,163.10 A stopclock.

2.1 .6.3-.1 1 Apparatus for extracting compacted specimens
from the mould (optionat). '

2.1.6.4 Material

2.1.6.4.1 Clean silica sand, from the Woburn Beds of the
Lower Greensand in the Leighton Buzzard district®..

The grading shall be such that 100 % passes a 600 pm test
sieve and 100 % is retained on a 63 pm test sieve. The sand
shall be free from flakey particles, silt, clay and organic
matter.

NOTE. The sand is raquired for the calibration of the vibrating
hammer; 5 kg is required for sach calibration. The sand cannot be
re-used {see 2.1,6.5).

2.1.6.5 Calibration of the vibrating hammer
2,1.6.6.1 Ca/lbrat/on test

2.1.6.6.1.1 Take a sample of the calibrating sand which has
not been previously used. Oven-dry the sand, sieve through
a 600°pum test sieve and discard the coarse fraction.

2.1.6.5.1.2 Weigh out three test portions each of mass
5 £ 0.1 kg..Mix each test portion with water to raise its
moisture cantent to 2.6 £ 0.25 %.

2.1.6.5.1.3 Compact the sand in the mould using the
vibrating hammer in accordance with the procedure given
in2.1.6.7.

2.1.6.6.1.4 Carry out the test on each test portion and
determine the mean density. Calculate the dry density
values to the nearest 0.002 Mg/m?®.
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2,1.6.5.1.5 If the range of values in the three tests exceeds
0.01 Mg/m?® repeat the whole procedure. Consider the
vibrating hammer suitable for use in this test if the mean
dry density exceeds 1.74 Mg/m?.

2.1.6.6.2 Pressuré check. The application of pressure
combined with vibration is essential to ensure the required
degree of compaction. Therefore exert a downward force
of 300 N to 400 N on the sample surface, this being greater
than the force needed to prevent the hammer bouncing on
the material. .
NOTE. The required pressure can be judged 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.

2.1.6.6 Preparation of test portions

2.1,6.6.1 Dry the test portions obtained as described

in 2.1.6.2, at 105 = 5 °C (see note 1). Sieve the dried test
portions on a 37.6 mm test sieve and reject the material
retained after recording the percentage of oversize material
{see note 2), Each test portion after removal of the over-
size material shall have a dry mass in the range 6 kg to 8 kq.
NOTE 1. The properties of materials containing a large proportion
of clay fines may be changed by oven-drying. If oven-drying Is
likely to affect the results dry the test portions in air and determine
their air-dry moisture contents, Make allowance for the water
already present in air-dried material when adding stabilizer and
water to bring the material to a specified moisture and stabilizer
content,

NOTE 2. If more than 15 % of material is remnoved the aggregate

is too coarse to be tested.

2.1.6.6.2 Mix each of the test portions with the required
amount of water and stabilizer (see note 1) as described in
clause 6 of BS 1924 : Part 1 : 1990 to give a suitable range
of moisture contents (see note 2). In the case of cement-
stabilized materials do not mix any test portion with
cement until it is ready to be compacted.

NOTE 1. If the amount of stabilizer required has not been deter-
mined at this stage, the amount may be estimated, but the test
should be repeated with the required amount of stabilizer if this is
found subsequently to be substantially different from the
estimated amount.

NOTE 2. The range of moisture contents obtained should include
the optimum moisture content and the amounts of water to be
added to the test portions will therefore vary with the.type of
stabilized material under test. Initially, tests should be carried out
at moisture contents'2 % apart to find the approximate location of
the optimum moisture content if this is not known, The precise
location of the optimum moisture content should then ba deter-
mined from tests carried out at moisture contents 0.5 % apart.
These should be chosen so that results are obtained at about the
optimum and at two moisture conterits. each side of the optimum
at this spacing.

2.1.6.7 Compaction test procedure

2.1.6.7.1 Weigh the mould with the baseplate attached
to 6 g {m; ). Measure the internal dimensions of the mould
to 0.1 mm to ensure that it is within specification.

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

-*Furthell information may be obtained from Enquiries Section, BSI, Linford Wood, Milton Keynes MK14 6LE.
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2.1.6.7.3 Place a quantity of the first test portion to be 2.1.6.8.1.3 From the results obtained as described above,
tested in the mould such that when compacted it occupies plot the vibrated dry density values against the correspond-
a little over one-third of the height of the mould body. ing moisture content values with moisture content as the
) . . i . x axis of the graph and dry density as the y axis. The three
:6‘:;\6.37‘;:wl’ilt:‘c:hths_zrctt_lrl]ar;amper ofn tg%T%te"anl a']d lines representing 0 %, 5 % and 10 % air voids should also
p & vibrating hammer for 69 5 s. Luring be plottéd. Appropriate values of dry density for given

this period apply a steady fiownward force on th‘f "‘"‘"T“” moisture contents and air voids may be obtained from the
so that the total downward force on the sample (including formula given in 2.1.3.6.1.4 and the procedure for plotting

ZﬁZtIB%"‘N‘“‘* mass of the hammer) is between 300 N the curves is described in 2.1.6.8.1.4 and 2.1.5.8.1.5.
2.1.6.7.5 Remove any loose material lying on the surface .2'1 '6'8'2. R‘_}p orting of results. Report the following
. information:

of the sample or around the sides of the mould. . . )

{a) the method used for obtaining the result, i.e. the
2.1.6.7.6 Repeat steps 2.1.6.7.3, 2.1.6.7.4 and 2.1.6.7.5 vibrating hammer method; -
twice more. ) (b) the amount of material retained on the 37.5 mm
2.1.6.7.7 Lay a straightedge across the top of the extension test sieve;
collar and measure down to the surface of the sample to . (c) the experimental points and, where possible,
an accuracy of 0.6 mm. Take readings at four points spaced the smooth curve drawn through them showing the
evenly over the surface of the sample, all at least 15 mm relationship between moisture content and dry density;
frorp the side of the mould. Calculate th'e mean height, (d) where it can be identified, the dry density (in Mg/m®)
{h, in mm) of the sample. If the sample is less than 127 mm corresponding to the maximum dry density on the
or more than 133 mm in height, reject it and repeat the compaction curve to the nearest 0.01 Mg /md ;.
test from 2.1.6.7.3. \ e . o~

{e) where it can be identified, the optimum maoisture
2.1.6.7.8 Weigh the material and mould with baseplate content at which the maximum dry density occurs to
to 6 g (m,). the nearest 0.5 %.

2.1.6.7.9 Remove the compacted material from the mould 217 Tes t-re rt
and place it in the large metal tray. Take a representative e po
sample of the material for determination of its moisture
content by the oven-drying method described in 1.3.3.
Alternatively the whole specimen may be dried out,

The test report shall affirm that the dry density/moisture
‘content relationship was determined in accordance with 2.1
of BS 1924 : Part 2 : 1990 and whether or not a certificate
of sampling is available. If available a copy of the certifi-

2.1.6.7.10 Repeat steps 2.1.6.7.3 to 2.1.6.7.9 with each cate of sampling shall be provided. In addition the test
of the remaining test portions. . report shall contain the following information:
2.1.6.8 Calculations and expression of results {a) sample identification;

(b) the method used for the determination of the dry

2.1.6.8.1 Calculations
density/moisture content relationship;

. . 3 .
:-lff“ -1 ‘ia'd“;"a:e thif’”':f de"::V (e, " Mg/m=) of (c) all the information in 2.1.3.6.2, 2.1.4.8, 2.1.5.8.2
ach compacted test portion from the equa '9"' or 2.1.6.8.2, whichever is appropriate.
1000(m; - m) '
ah

2.2 Determihation of the moisture

where

my is the mass of mould and base (in g); condition value (MCV)

m, is the mass of mould base and compacted material

> na); pacted material 2,21 Principle

h s the height of the compacted sample (in mm); The MCV test inyolves the determination of the compactive

2 isth ional fth d (i 2 effort necessary in terms of the number of blows of a

a s the cross-sectional area of the mould (in mm*=). rammer to compact almost fully a sample of the material
NOTE, For a CBR mould having a diameter of 152 mm, under test. It is based on the fact that relations between
2=181458 mm~. density and moisture content produced by different

12.1.6.8.1.2 Calculate the dry density (pg, in Mg/m®) of compactive efforts tend to converge as the moisture

content increases. To determine the MCV, a sample of the

each compacted specimen from the equation:
material is placed in a mould and the penetration of the

100 o ) .

Py = ——P_ ) rammer into the mould is measured at various stages of
100 +w i compaction. The penetration of the rammer at any given

where number of blows is compared with the penetration for

four times as many blows and the difference in

w is the moisture content of the stabilized material. : ) . :
penetration determined. The change in penetration is
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plotted against the logarithm {to the base 10) of the number
of blows corresponding to a change in penetration of 5 mm
in the plotted curve,

The requirements of BS 1924 : Part 1 shall, where appro-
priate, apply to this test method.

2.2.2 Sampling

2.2.2,1 The determination of the MCV s carried out on
samples of the stabilized material at pre-determined
intervals after it has been mixed and is about to be
compactéd. The samples for the determination of the MCV
shall'be taken in accordance with clause 5 of BS 1924 :
Part 1 : 1990.

2.2.2.2 Reduce the sample by the procedures described
in 5.4 of BS 1924 : Part 1 : 1990 to produce a test portion
on which the MCV is to be determined that has a mass of
1.5 kg after any individual particles retained on a 20 mm
test sieve have been removed. If particles larger than

20 mm have been removed weigh the material passing the
sieve and take a representative portion for the determina-
tion of the moisture content. )

NOTE. If a moisture content determination proves to be necessary
the initial mass of the test portion shall be such that 1.5 kg of
material is available for the determination of the MCV. The aggre-
gations of material need not be broken down any further after
passing through the 20 mm sieve.

2.2.3 Procedure for determination of the MCV

Determine the MCV in accordance with clause b of
BS 1377 : Part 4 : 1990.

2.2.4 Procedure for determination of the MCV/moisture
content relation

- Determine the MCV/moisture content relation in accord-
ance with 5.5.1.2 of BS 1377 : Part 4 : 1990.
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Section three. In-situ density tests

NOTE. This section describes the methods to be used for determin-
ing the in-situ dengity of a stabilized material. Several methods are
included, the choice of which depends on the type of material,

the circumstances in which the test is being made and on the
equipment available. The applicability of the methods and their
limitations are given under each test procedure,

Several of the methods included in this section are also to be
found, with.minor differences of dstail, in BS 1377 and they use
apparatus that is identical to that used for the corresponding
methods in that standard. ;

3.1 Nuclear moisture/density gauges

For general definitions see clause 2 of BS 1924 :
Part 1 : 1990. ’

Several models of nuclear moisture/density gauges are
available commercially for the measurement of both
density and moisture content, They measure density either
by the back-scatter method as shown in figure 8(a) or

by the direct- transmission method shown in figure 8(b).
The principles on which the gauges work are described
in3.7. -

3.2 Sampling

The determination of the in-situ density is carried out on
small areas of compacted material so that the advice on
sampling given in clause 5 of BS 1924 : Part 1 : 1990 is
not generally applicable. It is impracticable to obtain a
single sample that is representative of a given area of
compacted material; selected locations of material there-
fore have to be tested to find the variability of the in-situ
density within the area of compacted stabilized material.

3.3 Sand répiacement method

3.3.1 Principle

A hole is dug in the compacted stabilized material to the
full depth of the compacted layer and the mass and
moisture content of the stabilized material removed from
the hole are determined. The volume of the hole is then
determined by finding the mass of sand of known bulk
density that is required to fill it, From the mass of material
removed from the hole and the volume of the hole,

the bulk density of the stabilized material is calculated and,
if required, the dry density is calculated from the results of
the butk density and moisture content determinations.

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method. :

3.3.2 Apparatus
3.3.2.1 Apparatus for all materials

3.3.2.1.1 Suitable tools for excavating holes in compacted
stabilized material, e.g. bent spoon, chisel, hammer, dibber,
large screwdriver and/or pointed stee!l rod about 250 mm
long and 7 mm: to 10 mm in diameter with a wooden
handle.

3.3.2.1.2 A balance, of 10 kg minimum capacity, readable
1o 1 g (see note t0 3.3.4.1.1).

33213 Metal'trays or containers, to take excavated
material and to take the supply of sand 1o fill the pouring

_cylinder.

'3.3.2.1.4 Apparatus for moisture content determination

by the oven-drying method described in 1.3.3.

3.3.2.1.5 A glass plate approximately 10 mm thick and
approximately 500 mm square if the small pouring cylinder
is used, and approximately 600 mm square if the large
pouring cylinder is used.

3.3.2.2 Additional apparattis for fine and medium-grained
materials

NOTE. This apparatus is for the determination of the in-situ
density of compacted stabilized fine and medium-grained materials
for which a 115 mm diameter sand pouring cylinder is used.

The method is applicable to layars not exceeding 160 mm in
thickness. For layers between 150 mm and 260 mm the apparatus
described in 3.3.2.3 should be used,

3.3.2.2.1 Asmall pouring cylinder similar in essential
details to that st_\'own in figure 9. :

3.3.2.2.2 A cylindrical metal calibrating container with an
internal diameter of 100 £ 2 mm and an internal depth

- of 150 £ 3 mm {see note) of the type shown in figure 10,

fitted with a lip 50 mm wide and approximately 5 mm
thick surrounding the open end. '

NOTE. If for any reason it is necessary to excavate the holes to
depths less than 160 mm, either the calibrating container should

be replaced by ane of the same depth &s the hole excavated, or its
effactive depth should be reduced to that of the hole excavated.

3.3.2.2.3 A metal tray approximately 300 mm square
and 40 mm deep with a hole of approximately 100 mm
diameter in the centre.

3.3.2.3 Additional apparatus for coarse-grained materials

NOTE. This apparatus is for the determination of the in-situ density
of compacted stabilized materials cantaining stones which makes
the test procedure with the apparatus described in 3.3.2.2 difficuit
to perform. It is an alternative to the apparatus described in 3.3.2.2
for fine and medium-grained stabilized materials and should be

used instead for layers exceeding 260 mm in thickness.

3.3.2.3.1 A Jarge pouring cylinder, similar in essentia
details to that shown in figure 11. -

3.3.2.3.2 A cylindrical metal calibrating container,

with an internal diameter of 200 £ b mm and an internal
depth of 250 £ 5 mm {see note} of the type shown in
figure 12, fitted with a lip 76 mm wide and about 5 mm
thick surrounding the open end.

NOTE. If for any raason it is necessary to excavate the holes to
depths less than 260 mm, either the calibrating container should

be replaced by one of the same depth as the hole excavated, or its
effective depth should be reduced to that of the hole excavated.

3.3.2.3.3 A metal tray, approximately 500 mm square and
50 mm deep with a hole of approximately 200 mm -
diameter in the centre. :
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3.3.3 Material

3.3.3.1 Clean closely graded sand. .

NOTE 1. Material passing the 600 pm sieve and retained on the

- 200 pm test sieve, free from flakey particles, silt, clay and organic
matter, which has been oven-dried and storad for a suitable period
in an open container to allow its moisture content to reach
equilibrium with atmospheric humidity, is suiteble.

NOTE 2. Generally a storage period, after oven-drying, of about

7 days is sufficient for the moisture content of the sand to reach
equilibrium with the atmospheric humidity. The sand should not

be stored In an airtight container and should be mixed thoroughly
before use. If sand is salvaged from the holes in compacted materials
after carrying out this test, it is advisable to sleve, dry and store

this sand again before it is used in further sand replacement tests.

3.3.4 Calibration

3.3.4.1 Determination of the mass of sand in the cone of
the pouring cylinder :

3.3.4.1.1 Fill the pouring cylinder so that the level of the
sand in the cylinder is within about 16 mm of the top.
Find its total initial mass {m1) to the nearest 0.1 % (see
note) and maintain this constant throughout the tests for -
which the calibration is used. Allow a volume of sand,
equivalent to that of the excavated hole’in the soil,

or equal to that of the calibrating container, to run out.
Close the shutter on the pouring cylinder and place the
cylinder on a plane surface, e.g. the glass plate.

NOTE. The total mass, when it is filled with sand, of the large
pouring cylinder described in 3.3.2.3.1 exceeds the capacity of the
balance so that the method of filling and weighing is to weigh the
sand in two or three containers and tip it into the pouring cylinder
before using. Take care to see that the same initial mass as is used
in calibrating the apparatus is used for each density measurement.
Enough sand should be used to ensure that 4 kg to 5 kg of sand is
left in the pouring cylinder after the test is completed.

3.3.4.1.2 Open the shutter of the pouring cylinder and
allow sand to run out. Do not tap or otherwise vibrate the
cylinder during this period. When no further movement
of sand takes place in the cylinder, close the shutter and
carefully remove the cylinder.

3.3.4.1.3 Coliect the sand, on the glass plate, that had
filled the cone of the pouring cylinder and determine its
mass (my) to the nearest 0.1 %.

3.3.4.1.4 Repeat these measurements at least three times
and_calculate the mean value of m, .

3.3.4.2 Determination of the bulk density (ps) of the sand

3.3.4.2.1 Determine the internal volume (v, in mL) of the
calibrating container from the mass of water required to
fill it (see note to 3.3.4.1.1) as'described in 3.3.4.2.2 below.

3.3.4.2.2 Place the empty container on the flat pan of the

" balance, ensuring that the upper rim of the container is
horizontal, if necessary by embedding the base in plasticine
or similar material. Note the mass of the container, togsther
with any plasticine, to the nearest 1 g (ms). Then fill the
calibrating container almost to the brim with water, taking
care not to spill any water on the pan of the balance or

on the outside of the container. Lay a straightedge across
the top of the container and add water slowly and care-
‘fully by means of a dropping rod until the water just

touches the straightedge. Remove the straightedge and note
the mass of the container plus water to the nearest 1 ¢
‘(mg). Repeat the measurement a number of times to obtain
an accurate mean value for mg. For the repeat tests it is
only necessary to remove a small amount of water by
means of the dropping rod, and to refill the container to
the level of the straightedge. The volume of the calibrating
container {v, in mL) is given by the equation:

V=me -~ Ms

3.3.4.2.3 Place the pouring cylinder, after it has been filled
to the constant mass {(m), concentrically on the top of the

" calibrating container as described in 3.3.4.1.1. Keep the

shutter on the pouring cylinder closed during this operation.
Open the shutter and allow the sand to run out, Do not tap
the pouring cylinder or otherwise vibrate it during this
period. When no:further movement of the sand takes place
in the cylinder, close the shutter. Remove the pouring
cylinder with the sand remaining in it and determine their
combined mass {m3) to the nearest 0.1 % of the initial mass.
NOTE. Stand the calibration container on a tray during this part of
the test procedure, to collect the sand overflowing when the cone
of the cylinder is removed.

3.3.4.2.4 Repeat these measurements at least three times
and calculate the mean value of m3.

NOTE. Since variations in atmospheric humidity affect the moisture
content of the sand, and hence its bulk density, the calibration
should be made (or at least checked) during each day's work.

To overcome the effects of slight variations in grading and particle
shape between batches of sand, each batch should be sampled and
calibrated.

3.3.5 Test procadure

- 3.3.5.1 Select as described in 3.2 a flat area approximately

450 mm square of the compacted material to be tested.
Brush away any loose material lying on the surface and
remove any surface dressing or curing membrane as far as
it'is possible without removing the surface layer of
compacted. material.

NOTE. Erroneously high values of density can be obtained as a
result of the excavated hole stumping before the volume is measured.
In the case of cement-stabilized materials this problem can-be over-
come by delaying the test until the material has gained sufficient
stability to prevent the slump. The delay is usually not more than

a few hours,

3.3.6.2 Lay the metal tray on the prepared surface with
the hole over the portion of the material to be tested,
Using this hole as a pattern, excavate a round hole,
approximately 100 mm in diameter and to the depth of
the layer to be tested up to a maximum of 160 mm deep
if the small pouring cylinder is used and up to 260 mm
deep if the large pouring cylinder is used (see notes

1o 3.3.2.2, 3.3.2.3 and note to this subclause). Do not
leave loose material in the hole, and do not distort the
immediate surround to the hole (see note). Carefully
collect all the excavated material from the hole and deter-
mine its mass to the nearest 1 g (m,, ). Remove the metal
tray before placing the pouring cylinder in position over
the excavated hole.

22

Copyright by the British Standards Institution
Mon Jul 24 13:52:37 2000




NOTE, Do not enlarge the hole by levering the excavating tool
against the side, as this will result in lower densities being recorded.
The hammer and chisel should be used for loosening individual
stones without disturbing the surrounding material. This is *
especially important in the case of weak materials or those tested
at an early age. . :

3.3.5.3 Place a represeritative sample-of the excavated
material in a suitable airtight container and determine its
moisture content (w) as described in 1.3 (see note).
Alternatively the whole of the excavated material may be
dried and weighed to give the mass {mq) of the dry material
removed from the hole.

NOTE, The calcium carbide sand nuclear gauge methods described
respectively in 1.3.6 and 1.3.7 do not give results of sufficient
accuracy to be used for the determination of the dry mass of
material removed from the hole and/or the calculation of dry
density. They should not therefore be used for this purpose.

Any of the other methods described may be used, subject to their
limitations which are given for the individual test procedures,

3.3.5.4 Place the pouring cylinder, filled to the constant
mass (my) as in 3.3.4.1.1 so that the base of the cylinder
covers the hole concentrically. Ensure the shutter on the
pouring cylinder is closed during this aperation. Open the
shutter and allow sand to run out; during this period do
not vibraté the cylinder or the surrounding area. When no
further movement of the sand takes place close the shutter.
Remove the cylinder and determine its mass (m,) to the
nearest 0.1 %.

3.3.6 Calculations and expression of results

NOTE, A typical data and calculation form for the determination
of the in-situ density by the sand replacement method is given in
form H of appendix A.

3.3.6.1 Calculate the mass (m,, in g) required to fill the
- calibrating container from the equation:
mgy=my —msg-my
where

mj is the mass of the cylinder and sand before pouring
into the calibrating container {in g);

m, is the mass of sand in the cone (in g);
m3 is the mean mass of cylinder and sand after pouring
into the calibrating container (in g).

3.3.6.2 Calculate the bulk density of the sand (p,,
in Mg/m®) from the equation: _

Ps=mylv
where

v is the volume of the calibrating container (in mL).
3.3.6.3 Calculate the mass of sand (mb, in g) required to
fill the excavated hole from the equation:

my, =my -~ Mg ~ My
where

my is the mass of the cylinder and sand before pouring
into the calibrating container (in g);

m, is the mass of sand in the cone (in g);

my is the mass of the cylinder and sand after pouring
into the hole {in g). -
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3.3.6.4 Calculate the bulk density (p, in Mg/m®) of the
stabilized material from the equation:
P =my, pefmy,
where
m,, is the total mass of material excavated (in g);
my, -is the mass of sand required to fill the hole (in g);
Pe is the bulk density of the sand (in Mg/m3).

3.3.6.5 - If required, calculate the dry density {pg4, in Mg/m®)
of the:stabilized material either from the equation:

Pg =100p/100 + w
where:

w is the moisture content of the stabilized material
{in %);
or from the equation:

Pa = psmqg ! mp

where
myg is the mass of oven-dry material from the hole {ing);
my, is the mass of sand required to fill the hole (ing).

3.3.6.6 Express the value of the bulk and/or dry density
in Mg/m? to the nearest 0.01 Mg/m®.

'3.3.7 Test report
Report the results in accordance with 3.8,

3.4 Core-cutter method (for unhardehed
fine-grained materials)

NOTE. This method covers the determination of the in-situ density
of freshly laid compacted fine-grained stabilized materials. It is
applicable only where the material is free from stones and suffi-
ciently soft for the cutter to be driven essily into the compacted
material. If required the dry density can be calculated from the
results of the bulk density and moisture content determinations.

3.4.1 Principle .

A core of stabilized material is removed by driving a
cylindrical cutter of known volume into the compacted
material. The in-situ bulk density is calculated from a
knowledge of the mass and volume of the material
removed. If required the dry density is calculated from the
results of the bulk density and moisture content
determinations.

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

3.4.2 Apparatus

3.4.2.1 A cylindrical core-cutter, of the type shown in
figure 13(c), 130 £ 2 mm long (see note} and of

100 *+ 2 mm internal diameter, with a minimum wall thick-
ness of 3 mm and bevelled at one end. This cutter shall be
kept adequately greased.

NOTE, If the average density over a smaller depth is required,
then the appropriate length of cutter should be used.
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3.4.2.2 Steel dolly, of the type shown in figure 13(b),

25 mm high and of 100 mm internal diameter, with a wall
thickness of 6 mm, fitted with a lip to enable it to be
located on top of the core-cutter.

3.4.23 Steel rammer, of the type illustrated in figure 13(a).

3.4.2.4 A balance, of 10 kg minimum capacity, readable
to1g.

3.4.2.5 Palette knife.

NOTE. A convenhieitt size is one having a blade approximately

200 mm long and 30 mm wide.

3.4.2.6 Steel rule, approximately 300 mm long, graduated
to 0.5 mm.

3.4.2.7 Grafting tool, or spade and pick-axe.

3.4.2.8 Straightedge, e.g. a steel strip approximately
300 mm long, 256 mm wide and 3 mm thick, with one
bevelled edge.

3.4.2.9 Apparatus for the determinatfon of mojsture
content, by the oven-drying method described in 1.3.3.

34.2.10 Apparatus for extracting samples from the cutter
{optional).

3.4.3 Test procadure

3.4.3.1 Calculate the internal volume (V,, in mL) of the
core-cutter from its dimensions which shall be measured
to the nearest 0.5 mm.

3.4.3.2 Weigh the cutter and determine its mass (m,) to
the nearest 1 g.

3.4.3.3 Sclect, as described in 3.2, a flat area of approxi- .
mately 300 mm square of the compacted material to be
testad and, if necessary, trim down to a level surface.
Remove loase extraneous material. Place the steel dolly on
top of the cutter, and ram the latter into the compacted
layer until 5 mm to 10 mm of the dolly protrudes abave
the surface, care being taken not to rock the cutter.

Dig the cutter out of the surrounding stabilized material
and trim both ends of the core flat to the ends of the
cutter with a knife or a spatula and check for flatness
with the straightedge.

3.4.3.4 Determine, to the nearest 1 g, the mass (m,) of
the cutter containing the-core.

3.4.3.5 Remove the core from the cutter, crumble it and
place a representative sample in an airtight container and
determine its moisture content as described in 1.3.

NOTE, The calcium carbide and nuclear gauge methods described
respectively in 1.8.6 and 1.3.7 do not give results of sufficient
accuracy- to be used for the determination of the dry mass of
material removed from the hole and/or the calculation of dry
density. They should not. therefore be used-for this purpose. Any of
the other methods described may be used, subject to their limita-
tions which are given for the individual test procedures.

3.4.4 Calculations and expression of rasults

NOTE:A typical data and calculation formfor the determination
of the in-situ density by the core-cutter method is given in form |
of appendix A, !

3.4.4.1 Calculate the bulk density (p, inMg/m®) from the
eguation: . ’
p=(mg - me)/ Ve
where: .
myg is the mass of stabilized material together with the
core-cutter (in g);
mg is the mass of the core-cutter (in g);
V. is the volume of the core-cutter {in mL),

3.4.4.2 |f required calculate the dry density (pg,
in Mg/m?) from the equation:

Pq =100p0/(100 + w)
where

w is the moisture content of the stabilized material
{in %).

3.4.4.3 Express the value of the bulk and/or dry density
in Mg/m?® to the nearest 0.01 Mg/m®.

3.4.5 Test report
Report the results in accordance with 3.8.

3.5 Immersiqn-in water method

NOTE. This method covers the determination of the density of a
sample of compacted stabilized material. The method can be
employed whenever lumps of suitable size can be obtained;

in particular it is a convenient method of determining the density
of cores cut from hardened stabilized material. An acceptable
alternative to this method is given in 3,8. Although the sample
should proferably be cylindrical or cubical, the test can be carried
out quite satisfactorily on specimens of other shapes providing
no one dimension is very much smaller than the other two.

3.5.1 Principle

The method makes use of Archimedes’ principle, i.e. the
apparent, loss in mass of the sample when it is immersed in
water is equal to the mass, and hence the volume, of the
water displaced. The mass of the sample is therefore deter-
mined first in air; its apparent mass when it is suspended in
water is then determined. The density is calculated from
the values thus determined for the mass and volume of the
sample. _

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

3.5.2 Apparatus

3.5.2.1 A balance, of 10 kg minimum capacity,'readable
to1g.

3.5.2.2 A suitable metal or plastics watertight container,
such as a large bucket in which the samples can-be ..
immersed.

3.5.2.3 A cradle and supporting frame, similar in principle
to that shown in figure 14, with which the frame attached
to the weighing system of the balance can support the
cradle below the balance. )
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NOTE. The arrangement of the cradle and supporting frame shown
in figure 14 has been found to be convenient but any other method
which enables the specimen to be suspended in water supported by
the weighing system of the balance above would also be satisfactory.

::3.5.2.4 Equipment for melting paraffin wax.

3,5.2.6 Apparatus for the determination of the moisture
content by the oven-drying method as described in 1.3.3
(see note to 3.5.6.4).

'3.6.3 Materials
3.5.3.1 Paraifin wax.
3.5.3.2 Modelling clay or putty.

3.5.4 Preparation of apparatus

3.5.4.1 Support the balance with the scoop or platform

over the cylindrical container and with at least 300 mm

clear space between the underside of the supports and the

top of the container, A suitable arrangement is shown in
figure 14,

3.5.4.2 Fill the watertight container with water to within
approximately 80 mm of the top. Place it below the
balance and adjust the cradle and supporting frame, so that
the cradle is suspended in the water without touching either
the bottom or the sides of the container. Ensure that the
largest specimen to be tested will be immersed completely
when on the cradle.

3.5.4.3 Place a counter mass on the scale pan to bring the
reading on the balance back to zero,

3.5.5 Preparation of the test spacimens

3.5.5.1 Trim the lumps of material to be tested to a
suitable size and shape. Take care not to remaove all the
loosely bonded material if the specimen is honeycombed,
and also to keep the specimen representative of the full
depth of the layer. As the accuracy of the test depends
upon the size of the specimen used, use the largest available
specimen compatible with the capacity of the balance.

If necessary reduce the size of the lumps to produce
suitable specimens of regular shape and having minimum
masses of 2 kg for fine- and medium-grained materials and
4 kg for coarse-grained materials. Weigh the specimens to
the nearest 1 g (m,).

3.6.5.2 Determine the densities of the prepared specimens
using the procedure given in either 3.5.6 or 3.5.7 depend-
ing on the state of compaction of the material and the size
and number of the voids.

3.5.6 Test procedure for dense specimens with no

large voids

NOTE. Only dense, well compacted specimens having a few small
air voids should be tested by this procedure. Specimens with either
a few large air voids due to poor local compaction, or many small
air voids due to poor general compaction or bad grading of the
material used, should be tested by the procedure given in 3.6.7.

3.6.6.1 Piace the specimen, prepared as described in 3.6.5,
under water in a container so that it is immersed
completely and then left to soak for at least 24 h,
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35.8.2 When the specimen is removed from the water -
aliow the free water in the specimen to drain away and
then weigh and record its mass {m,) to the nearest 1 g.

3.5.6.3 Immediately after weighing the specimen place it
in the cradle and suspend this cradié from the weighing
system of the balance (see note). Measure the apparent
mass (my,) of the specimen while suspended in water to
the nearest 1 g.

NOTE, When the specimen is placed In the water, supported by the
cradle, care should be taken to ensure that no air bubbles are trapped
underneath the speéimen. Also, while measuring the apparent mass
of the specimen whan suspended in water, it should be ensured that
the specimen is immersed completely. If this is not the case, eithar
the 1evel of water in the container should be raised or the supporting
frame should be adjusted until the specimen Is immersed completely.
The specimen should then bs removed from the cradle and the
apparatus adjusted as in 3.5.4.

3.5.6.4 Remove the specimen from the cradle and dry in
the oven at a temperature of 106+ 6 °C (see note).

The period required for drying will vary with the type of
material and the size of the specimen. The specimen shall
be deemed to be dry when successive weighings of the
sample, carried out at intervals of 4 h, do not differ by
more than 0.1 % of the original mass. After drying place
the specimen in a container, replace the lid and allow to
cool.-When cool, weigh the specimen and record its mass
{my) to the nearest 1 g.

NOTE. If a suitable size of oven is not aveilable break the sample
into fragments and take a representative sample for the determina-
tion of the moisture content.

3.5.7 Test procedure Tor specimens with large voids

3.5.7.1 Dry the specimen, prepared as described in 3.5.6

in an oven at a temperature of 105 £ 5 °C (see note).

The period required for drying will vary with the type of
material and the size of specimen. The specimen shall be
deemed to be dry when successive weighings of the sample,
carried out at intervals of 4 h, do not differ by more than
0.1 % of the original mass. After drying place the specimen
in a container, replace the lid and allow to cool. When cool
welgh the specimen and record its mass {mg) to the

nearest 1 g. )

NOTE. When a temperature-controlied drying oven is not available
the specimen may be tested without drying in which case it becomes
necessary to determine its moisture contents at a subsequent stage
(see 3.5.7.5).

3.6.7.2 Fill all the surface voids in the specimen with a
suitable material which is insoluble in water {see note),

After filling the voids weigh the specimen to the nearest
1 g and record its mass (m;). -

NOTE. Care should be taken to fill only air voids and not holes
resulting from the loss of stone during collection and preparation
of the specimen. In filling the voids the material used should be
trimmed level with the surface of the specimen,

3.5.7.3 Coat the specimen completely by repeated dipping
in malten paraffin wax (see note}). Allow the waxed
specimen to cool and then weigh and record its mass

{my,) to the nearest 1 g. Calculate the mass {m, in g) of
the paraffin wax adhering to the specimen from the
equation:
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m=my, - ms
where
m,, is the mass of the specimen after coating with
wax (ing);
m; is the mass of the specimen after filling air voids
with modelling clay or putty (in g).
NOTE. Waxing of the specimens should be carried out very care-
fully. Surface depressions, including cavities left by stones,
should be first coated with molten wax applied by brush,
and allowed to set before dipping. Air bubbles should not be
allowed to form under the wax, Cavities considered to be part of
the existing voids should be made up with filler before waxing.
To avoid shrinking and cracking of the wax coating, the wax should
be only just molten when applied. In the absence of a temperature-
controlled waxpot, use of a carpenter’s glue pot helps to avoid
overheating.

3.5.7.4 Place the waxed specimen in the cradle and
suspend the cradle from the weighing system of the
balance {see note}. Record the apparent mass (mg) of the

specimen, whilst it is suspended in water, to the nearest 1 g.

NOTE, When the specimen is pleced in water, supported by the
cradle, care should be taken that no air bubbles become trapped
beneath the specimen. Also, whilst measuring the apparent mass

of the specimen when suspended in water, it should be ensured
that the specimen is completely immersed. If this is not the case,
aither the level of water in the container should be raised or the
supporting frame should be adjusted until the specimen s immersed
completely. The specimen should then be removed from the cradle
and the apparatus re-adjusted as described in 3.5.4.

3.5.7.5 Remove the specimen from the cradle. If the
specimen was not dried as described in'3.6.7.1 remove the
wax coating from the specimen and take a representative
sample for the determination of the moisture content {w)
by one or other of the methods given in 1.3.3 to 1.3.5.
Makoe sure that the portion used for the determination of
the moisture content is completely free from paraffin
wax, modelling clay or putty.

3.5.8 Calculations and expression of results
NOTE. A typical data and calcufation form for the determination
of the in-situ density by the immersion in water method is given
in form J of appendix A,
3.6.8.1 Dense specimens with no large voids (not coated
with wax) '
3.6.8.1.1 Calculate the volume (V, in mL) occupied by
the specimen from the equation:
' Vg =my—-mp
where )
myg is the mass of the soaked specimen immediately
before weighing in water (in g);
my, is the apparent mass of the specimen when
suspended in water (in'g).
3.5.8.1.2 Calculate the bulk density (g, in Mg/m?) from "
the equation: . :
pP=mg/V,
where

my, is the mass of the'specimen (in g), prepared as
described in 3.5.5.

3.6.8.1.3 Calculate the dry density {pg4, in Mg/m?) from
the appropriate equation as follows:

(a) for specimens dried completely after weighing
suspended in water, as in 3.5.6.4:

Py =mylV; ;
wheré

my is the mass of the specimen after drying {in g);
(b) for specimens not dried after weighing suspended
in water, as in 3.56.7.5:

Pa = 100mc/ V(100 + w)
where

myg is the mass of the specimen immediately before
it is broken up for moisture content determina-

tion (in g);
w is the moisture content of thé stabilized material
(in.%).
3.5.8.2 Specimens with large voids (coated with wax)
3.5.8.2.1 Calculate the volume (V,, in mL) occupied by
the specimen-from the equation:
Ve = (my - mg) - (m/pp)
where
m,, is the mass of the specimen and wax coating (in g);

my is the apparent mass of the specimen and wax coat-
ing when suspended in water {in g);

m is the mass of the wax coating (in g);
pp s the density of the paraffin wax {in g/mL).
3.5.8.2.2 Calculate the bulk density (p, in Mg/m®} of the
stabilized material from the equation:
p=mg/V,
where
. Mg is the mass of the specimen, prepared as described
in 355, (in g).
3.5.8.2.3 Calculate the dry density (04, in Mg/m?) of the
stabilized material from the appropriate equation as follows:
(a) for specimens dried before filling air voids and
coating with wax as in 3.5.7.1:
Pa =mg/Vs
where
my is the mass of the specimen before drying (in g).
(b} for specimens not dried before filling air voids and
coating with wax:
Pa = 100p/(100 + w)
where
w is the moisture content of the stabilized material
(in %).

3.5.8.3 Express the value of ;he bulk and/or dry density
in Mg/m? to the nearest 0.01 Mg/m>.

3.5.9 Test report _
Report the results in accordance with 3.8,
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3.6 Water displacement method

- NOTE. This method describes the determination of the density of a
sample of compacted stabilized material. The method can be
employed whenever lumps of suitable size can be obtained;
in particular it is a convenient method of determining the density
of cores cut from hardened stabilized material. An acceptable
alternative to this method is given in 3.6 but it requires more-
spacialized equipment, Although the sample should preferably be
cylindrical or cubical, the test can be carried out quite satisfactorily
on specimens of other shapes providing no one dimension is very
much smaller than the other two. In obtaining the lumps of material

. and trimming them to a sultable size and shape for testing, care

" should be taken not to remove all the loosely bonded material if

the specimen is honeycombed, and also to keep the specimen

representative of the full depth of the layer. As the accuracy of the
test depends upon the size of the specimen used, it is important
that the largest available specimen compatible with the capacity of
the apparatus should be used.

3.6.1 Principle

The volume of a specimen of known mass is determined by
totally immersing the specimen in water and measuring the
volume of water displaced. The density is then calculated
from the values obtained for the mass and the volume,

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

3.6.2 Apparatus

3.6.2.1 A balance, of 10 kg minimum capacity, readable
to1g.

3.6.2.2 A cylindrical metal container, fitted with a siphon
tube, of the type shown in figure 15 for fine- and medium-
grained materials and figure 16 for coarse-grained materials.

3.6.2.3 A watertight container, to act as a receiver for
the water siphoning over from the container described
in 3.6.2.2.

NOTE. A convenient size is one about 250 mm in diamster and
260 mm deep.

3.6.2.4 Equipment for melting paraffin wax.

3.6.2.6 Apparatus for determining the moisture content .
by the oven-drying method as described in 1.3.3 (see note
to 3.6.6.1).

3.6.3 Materials
3.6.3.1 Paraffin wax.
3.6.3.2 Modelling clay or putty.

3.6.4 Preparation of the test specirﬁens

3.6.4.1 If necessary reduce the size of the samples,

which should be taken as described in 3.2 to produce
suitable specimens of regular shape and having minimum
masses of 2 kg for fine- and medium-grained materials and
4 kg for coarse-grained materials. Weigh the specimens to
the nearest 1 g {m,). '

3.6.4.2 Determine the densities of the prepared specimens
using the procedure given in either 3.6.5 or 3.6.6 depending
on the state of compaction of the material and the size

and number of the voids.
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NOTE. Only dense, well-compacted specimens having a few small
alr volds should be tested by the procedure given in 3.6.5.
Specimens with either a few large air voids due to poor local
compaction, or many small air voids due to poor general compac-
tion or bad grading of the material used, should be tested by the
procedure given in 3.6.6.

3.6.5 Test procedure for dense spacimens with no
large voids

3.6.5.1 Place the specimen, prepared as described in 3.6.4

_under water in a container so that it isimmersed completely

and then left to soak for at least 24 h.

3.6.5.2 When the specimen is removed from the water
allow the free water in the specimen to drain away and
then weigh and record its mass {m,) to the nearest 1 g.

- 3.6.6.3 Pour water into the metal container, standing on

a level base, until the level of the liquid is well above the
siphon tube. Release the clip on the rubber autlet tube
and allow excess water to run to waste. Retighten the clip.

3.6.5.4 Weigh the container for receiving the water and
record its mass {m,} to the nearest 1 g. Place it below the
siphon outlet and lower the specimen carefully into the
container {sée note) so that no portion of the specimen
projacts above the level of the siphon. Then release the
clip on the siphon outlet tube allowing the displaced water
to siphon over into the receiver. After all the excess water
has been siphoned off retighten the clip on the outlet tube,
Weigh the receiver and water to the nearest 1 g and record
the mass {m5). Calculate the total volume of water
{V,, in mL)} siphoned over into the receiver from the
equation:

Vs =my; —my
where

my is the mass of receiver and water siphoned over into

the receiver {in g);

mj s the mass of the receiver {in g).

NOTE. When the specimen is placed in water in the container take

care to see that no air-bubbles are trapped underneath the
specimen.

3.6.5.5 Remove the specimen from the container and dry
out in the oven at a temperature of 105 * 6 °C (see note).
The period required for drying will vary with the type of
material and the size of the specimen. The specimen shall
be deemed to he dry when successive weighings of the
sample, carried out at intervals of 4 h, do not differ by
more than 0.1 % of the original mass. After drying place
the specimen in a container, replace the lid and ailow to
cool. When cool, weigh the specimen and record its mass
{my) to the nearest 1 g. .

NOTE. If a suitable size of oven is not avallable break the sample
into fragments and take a representative sample for the deter-
mination of the moisture content by one of the methods given

in 1.3.31t0 1.35.

3.6.6 Test procedure for specimens with large voids

3.6.6.1 Dry the specimen, prepared as described in 3.6.4
in an oven at a temperature of 105 £ 5 °C {see note) for
a period which will vary with the type of material and the
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size of specimen. The specimen shall be deemed to be dry
when successive weighings of the sample, carried out at
intervals of 4 h, do not differ by more than 0.1 % of the
original mass. After drying place the specimen in a
container, replace the lid and allow to cool. When cool
weigh the specimen and record its mass {(mq) to the
nearest 1 g.

NOTE. When a temperature-controlled drying oven is not available
the specimens may be tested without drying in which case it
becomes necessary to determine their moisture contents at a
subsequent stage (see 3,6.6.6).

3.6.6.2 Fill all the surface voids in the specimen with a
suitable material which is insoluble in water. After filling
the voids weigh the specimen to the nearest 1 g and record
its mass {my). '

NOTE. Care should be taken to fill only air voids and not holes
resulting from the loss of stone during collection and preparation

of the spacimen, In filling the voids the material used should be
trimmed level with the surface of the specimen.

3.6.6.3 Coat the specimen completely by repeated dipping
in molten paraffin wax (see note). Allow the waxed
specimen to cool; then weigh and record its mass (m,, ) to
the nearest 1 g. Calculate the mass {m, in g) of the paraffin
wax adhering to the specimen from the equation:

m=my - my
where ' )
my, is the mass of the specimen after coating with
wax (in g);
m; is the mass of the specimen after fitling air voids
with modelling clay or putty (in g).

NOTE. Waxing of the specimens should be carried out very care-
fully. Surface depressions, including cavities left by stones, should
be first coated with molten wax applied by brush, and allowed to
set before dipping. Air bubbles should not be allowed to form

under the wax. Cavities considered to be part of the existing voids
should be made up with filler before waxing. To avoid shrinking
and cracking of the wax coating, the wax should be only just moiten
whaen applied. in the absence of a temperature-controlled waxpot,
use of a carpenter's glue pot helps to avoid overheating.

3.6.6.4 Pour water into the metal container standing on a
level base, until the level of the liquid is well above the
siphon tube. Release the clip on the rubber outtet tube and
allow excess water to run to waste, Retighten the clip.

3.6.6.6 Weigh the container for receiving the water and
record its mass (m,) to the nearest 1 g. Place it below the
siphon outlet and lower the specimen carefully into the
container {(see note) so that no portion of the specimen
projects above the level of the siphon. Take care to see that
no air-bubbles are trapped underneath the specimen.

Then release the clip on the siphon outlet tube allowing the
displaced water to siphon over into the receiver. After all
the excess water has been siphoned off retighten the clip
on the outlet tube. Weigh the receiver and water to the
nearest 1 g and record the massi{m; ). Calculate the total
volume of water (V},, in mL) siphoned over into the
receiver. from the equation: .

Vi =my - my
where

my is the mass of receiver and water siphoned over

into the receiver (in g);

m is the mass of the receiver (in g).
3.6.6.6 Remove the specimen from the container. If the
specimen was not dried as described in 3.6.6.1 remove the
wax coating from the specimen and take a representative
sample for the determination of the moisture content (w)
by one or other of the methods given in 1.3.3 to 1.3.5.
Make sure that the portion used for the determination of
the moisture content is completely free from paraffin
wax, modelling clay or putty.

3.6.7 Calculations and expression of results

NOTE, A typical data and calculation form for the determination
of the in-situ density by the water-displacement method is given

in form K of appendix A.

3.6.7.1 Dense specimens with no large voids (not coated
with wax)

3.6.7.1.1 Calculate the bulk density (o, in Mg/m?®) from |

the equation: - : :
p=my/Vs

where

my is the mass of the wet specimen, as described
in 3.6.6.2 {in g);

V, is the volume of the specimen, as described
in 3.6.5.4 (in mL).

3.6.7.1.2 Calcuiate the dry density (pq4, in Mg/m?) from
the appropriate equation as follows: '
(a) for specimens dried completely after volume
measurement, as in 3.6.5.5:
Pd =My /V.
where .
my is the mass of the specimen after drying (in g);
(b} for specimens not dried after volume measurement
(see note to0 3.6.5.5):
100m,
Pa= T
V,(100 +w)
where
m, is the mass of the specimen immediately before
it is broken up for moisture content determina-
tion {ing);
w is the moisture content of the stabilized
material (in %).

3.6.7.2 Specimens with large voids (coated with wax)

© 3.6.7.2.1 Calculate the volume {V,, in mL} occupied by

the specimen from the equation:
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Ve=Vy - {m/ pp)
where . :
V}, is the volume of the specimen and wax coating
~{in mL);
"m is the mass of the wax coating (in g); -
Pr is the density of the paraffin wax (in g/mL).

3.6.7.2.2 Calculate the bulk density (p, in Mg/m®) of the
stabilized material from the equation:

p=mg/Vy
where
my is the mass of the specimen as in 3.6.4.1 {in g).

3,6.7.2.3 Calculate the dry density (pg, in Mg/m3) of
the stabilized material from the appropriate equation
as follows:

(a) for specimens dried before.filling air voids and
coating with wax as in 3.6.6.1 -

Pa =Mg/V,
where
my is the mass of the specimen before drying (in g).

{b) for specimens not dried before filling air voids and
coating with wax (see note to 3.6.6.1):

Pq = 1000/(100 + w)
where

w is the moisture content of the stabilized material
{in %).

3.6.7.3 Expression of results. Express the value of the
~ bulk and/or dry density in Mg/m? to the nearest
0.01 Mg/m2,

3.6.8 Test report
Report the results in accordance with 3.8.

3.7 Nuclear gauge method

Caution. The nuclear equipment used in this test method utilizes
radioactive materials emitting ionizing radiations which may be
hazardous to the health of users, uniess proper preceutions are
taken. Before testing begins it is therefors essential that users of the
equipment are aware of the potential hazards and comply with all
applicable government regulations concerning the precautions to

be taken and routine procedures to be followed with this type of
eguipment,

Keep time spent near the gauge to a minimum in order to

minimize radiation effects.

NOTE. The following documents regulate the use, etc, of nuclear
gauges in the UK:

{a) Radioactive Substances Act 1960;

{b) Radioactive Substances (Carriage by Road) {Great Britain)
Regulations 1985 and associated Code of Practice;

{c) lonising Radiations Regulations 1985 with the associated
Approved Code of Practice ‘The protection of persons against
ionising radiation arising from any work activity’ (ACoP)

Part 2 section 8 of ACoP is relevant;

{d) Section 6 of the Health and Safety at Work, etc., Act, 1874,
HSW 74, (as amended by the Consumer Protection Act, 1987,
and modified by Regulation 32 of the lonising Radiations
Regulations, 1986, IRR 85),
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Advice regarding (a), (b} and (c) may be obtained from the National
Radiological Protection Board, Chilton, Oxon OX11 ORQ. Advice
regarding {d) may be obtained from the Health and Safety Execu-
tive, Magdalen House, Stanley Precinct, Bootle, Merseyside L.20 30Z.

3.7.1 Ganeral

3.7.1.1 This method covers the determination in-situ of
the density and moisture content of compacted stabilized
materials by means of a nuclear gauge designed to operate
on the surface of the compacted material. '

The standard means of measuring density and moisture
content with nuclear gauges have been taken together
because the gauges normally combine both facilities.
Hence such gauges provide a rapid non-destructive
technique for determining in-situ bulk and dry density as
well as the moisture content. However, gauges capable only
of measuring bulk density may also be used to carry out
this test method. The direct measurements madeWith the
nuclear gauge are as follows:

{a) bulk density, i.e. the combined masses of solids and
water per unit volume of the material;

(b) moisture density, i.e. the mass of water per unit
volume of the material.

. NOTE. This value s not the same &s the moisture content.

The terms ‘bulk density’ and ‘moisture density’ have been
used throughout this standard when describing measure-
ments made with nuclear gauges in order to distinguish
them from the derived values of dry density and moisture
content. Most gauges are microprocessor-controlled and
are able to provide derived values of dry density and
moisture content.

The nuclear gauge method is suitable for most stabilized
materials (see 3.7.1.3) where the plan area of the gauge

is of a sufficient size to provide a representative sample.
The presence of occasional coarse gravel-sized particles or
larger particles completely surrounded by finer material
should be revealed by tests giving unusually high density
results. Where the material is composed mainly of coarse
particles their maximum nominal size should not exceed
37.5 mm.

3.7.1.2 Bulk density measurements may be made using
nuclear gauges in either of two different modes. These
modes are referred to as:

{a) direct transmission;
{b) backscatter.

The principles on which each are based are shown in
figure 8. Direct transmission is the preferred type and

_ should be used where possible because of its deeper zone

of influence (the backscatter mode will permit density
measurement only to a depth of 70 mm to 80 mm).
Moisture density can be determined only by using the
backscatter type of transmission. However, many gauges
permit measurement of moisture density while at the
same time measuring bulk density by either mode of
transmission.
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The zone of influence including the depth below the surface
for either type of measurement is not precise and will

" depend on the designh of the gauge and, in the case of the
bulk density determination, will also vary with the type
of transmission. Typically the measurement depth for
bulk density by direct transmission is between 50 mm
and 300 mm but only 70 mm to 80 mm for backscatter,
In the case of moisture content determination about half -
of the measured count rate may refer to the uppermost
50 mm; the overall depth sampled will vary with the
moisture density.

3.7.1.3 Test results by both direct transmission and back-
scatter methods may be affected by a number o6f factors
as follows.
(a) Both density and moisture content measurements
may be affected by the following:

(i) heterogeneity in the chemical composition of the
material, e.g. the sporadic presence of metallic iron
in stags and coal in colliery spoil;

(ii) unusual chemical composition of the materials;
some elements such as cadmium, boron and chlorine
can have an effect on the measurement of moisture
content since they have high thermal-neutron capture.
probabilities. When such elements are present the
method has to be used with caution.

Where the material contains constituent elements
that affect determinations with nuclear gauges it may
be possible to adjust the calibration curve if the
proportions present are reasonably constant.

(iii) Surface texture of the material, the effect of
which should be minimized by ensuring maximum
contact between the gauge and the compacted
surface of the material under test. The surface
texture effect’is much less in the direct transmission
mode. i
(b) Density measurements may be affected by layers of
compacted stabilized material which contain significant
vertical gradients of density such that the state of
compaction at the top bears little relation to the average
density conditions throughout the layer. The backscatter
test, by its mode of operation, is concentrated on
material close to.the surface. The direct transmission
method is therefore preferred as it reduces these effects
due to its deeper zone of influence.
{c) Moisture content measurements may be affected by
constituent material other than water containing
hydrogen and water which is not removed during the
oven-drying process. Examples of such materials are
those containing organic matter or chemically bound
water in sufficient amounts to affect the result.

3.7.2 Principles

3.7.2.1 Bulk density, The method uses the attenuation of
gamma rays from a gamma source (usually in a movable
probe} due to Compton scattering and photoelectric absorp-
tlon. The intensity of radiation arriving at the detector
(usually fixed in the base of the gauge) which is directly
related to the electron density provides an indication of

the bulk density by comparison with an appropriate
calibration,

3.7.2.2 Moisture density. The method uses the moderation
(slowing down) of neutron radiation from a fast neutron

“source due to collisions, principally with hydrogen nuclei.

The intensity of radiation reaching the detector is directly
related to the state of arrival of modified neutrons and
provides an indication, by comparison with an appropriate
calibration, of the amount of moisture present within the
volume of the zone of influence. 1t is assumed that water
represents the only source of hydrogen present in the
stabilized material.

'3.7.3 Apparatus

3.7.3.1 Calibrated nuclear gauge, suitable for bulk density
and moisture density measurements {see note 1). It shall
contain sealed nuclear sources adequately shielded for safety
during storage and use, and suitable detectors and readout
devices with electrical batteries, within a housing of rugged
canstruction that is water and dust resistant. For the
determination of bulk density by direct transmission,

the housing shall also contain a moveable gauge probe for
locating the bulk density measuring source in a preformed
hole in the material to be tested, The probe aperture shall
be fitted with an automatic shutter and shield mechanism
which closes when the probe is withdrawn into the safe
position.

NOTE 1. A nuclear gauge limited to bulk density measurements may
be used provided it complies with the specification. *

NOTE 2. A manufacturer's handbook and certificates of calibra-
tions, and ari approved transport case shall also be provided,

The gauge shall be recalibrated after any repair or overhaul involving
changae of tha sources, detectors or reference blocks,

NOTE 3. If defects in a source are suspected or if a source is
damaged or thought to be damaged the.equipment should be left
in its storage box and the manufacturer or an authorized agent
notified immediately. Handling and repair shouid be undertaken
only by suitably equipped and properly trained personnel,

3.7.3.2 A reference block, of suitable material, for check-
ing the gauge operation and to establish conditions for
reproducible standard count rates. The reference block
shall have the same serial number as the gauge and shall
not be interchangeable between gauges.

NOTE. The reference block should be kept clean and free from
adhering particles which may cause poor contact with the gauge

.and result in an erroneous standard count rate,

3.7.3.3 Gamma radiation monitor.

3.7.3.4 Test area preparation equipment, i.e. suitable tools
for levelling the ground at the site of the test, such as
shovel, trowel and straightedge,
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3.7.3.5 Steel drill pin and hammer, or auger, with suitable
template for positioning the hole for the direct trans-
mission test. The drive pin shall produce a hole up to

3 mm larger than the external diameter of the gauge probe.

NOTE. This equipment is specified for making holes for the
insertion of the probe in unstabilized materials and is also suitable
for freshly laid stabilized materials. 1t may not, however, be suit-
able for hardened materials in which It may be necessary to bore
& hole by means of a masonry drill.

3.7.8.6 Gauge log, containing standardization and- stability
test results.

3.7.3.7 Calibration results which may be in the form of
charts and may be stored in the memory bank of the
readout system.

3.7.3.8 Dry fine quartz sand, for bedding gauge on uneven
surfaces.

3.7.3.9 An electric vibratirig hammer, complying .
with 2.1.6.3.2 and fitted with a square or rectangular foot
having an area between 7600 mm? and 14000 mm?2.

3.2.3.10 At least two cubical containers, of rigid
construction and having dimensions of 380 mm x 500 mm
X 200 mm deep.

3.7.4 Calibration for bulk density determinations

3.7.4.1 Manufacturer’s bulk density calibration. This cali-
bration shall initially be carried out in accordance with
ASTM D2922. Every 24 months the manufacturer’s
calibration shall be checked using not less than three
standard density blocks as described in ASTM D2922.

3.7.4.2 Initial site calibration for bulk density. Calibrate
the nuclear gauge in accordance with this clause for each
type of transmission to be used for the test. The calibra-
tion procedure will depend upon the nature of the
measurement application. These categories are as follows.
(a) Ground investigation comparative tests. These tests
require no initial site calibration, provided that the
data obtained are used only for comparative purposes
on the particular site. The test report shall clearly state
that the comparative test method has been used.
(b} Compliance tests for compacted material, Where
the nuclear gauge is to be used for compliance tests on
compacted material, carry out the initial site calibration
by using a single container as specified in 3.7.4.3.1.

3.7.4.3 Material calibration for bulk density

3.7.4.3.1 Calibration using blocks of material of known
density

3.7.4.3.1.1 Measure the internal dimensions of the
containers described in 3.7.3.10 to the nearest 1 mm and
calculate their internal volumes. Weigh the containers and
record their masses.

3.7.4.3.1.2 Using the containers prepare at least two
blocks of stabilized material using different masses of
material in each. Prepare the blocks by compacting the
stabilized material into the container(s} in four equal
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layers. Compact each layer with the vibrating hammer -
fitted with the foot. Scarify the surface of each layer
before adding the next layer and finish the top layer flush
with the top of the container by trowelling to a smooth
surface. Form a hole 18 mm to 25 mm in diameter through
the full depth of the block (200 mm) and normal to the
surface. The hole shall be 125 mm from one end and in
the centre of the 380 mm dimension. Use stabilized
material with mix proportions similar to that proposed for
the main works.

NOTE. Blocks of material other than the stabilized material to be
tested should not be used because the chemical composition is
uniikely to be similar. However, it is recognized that thay are of

value to the manufacturer for ascertaining the initial settings of
the gauge and have advantages for traceability requirements.

3.7.4.3.1.3 Calculate the bulk density of the blocks from
the dimensions and mass of each block.

NOTE. The mass of the containers when filled with material is large.
It may therefore be more convenient to weigh out suitable
quantities of the mixed material beforehand into plastics bags.

The total mass of the calibration biock can then be calculated

from the combined masses required for each of the separate layers
of material. If the mass of material used in the construction of the
block is known there is no need to determine the mass of the empty
container. - -

3.7.4.3.1.4 Within 1 h of weighing sach block measure the
bulk density with a nuclear gauge in the same manner as
described for making site measurements of bulk density
(see 3.7.8). If using the direct transmission mode take-
three density readings with the source rod lowered to a
depth of 150 mm and the gauge in the same position.
Determine the variation between the calculated density
and the average of the three measured density values of
each block as‘a percentage of the calculated density.

3.7.4.3.2 Derivation of the calibration

3.7.4.3.2.1 If the difference between the variations for the
two blocks is 1 % or less, then readings taken by nuclear
density gauges used to measure the field density of the
stabilized material shall be corrected by the average
amount of the variation betwegn the two blocks. Make the
correction either by using the gauge biasing device in
accordance with the gauge manufacturer’s instructions or
by multiplying the derived in-situ bulk density by the.
appropriate factor,

3.7.4.3.2.2 If the difference between the variations for the
two blocks is more than 1 % repeat the calibration. If this
confirms the previous result consult the gauge ’
manufacturer. :

3.7.4.3.2.3 Repeat the calibration every 3 months when
testing is to continue for longer than this period.

3.7.5 Calibration for moisture density detarminations

3.7.5.1 Manufacturer's moisture density calibration.

This calibration shall initially be carried out in accordance
with ASTM D3017. Every 24 months the manufacturer’s
calibration shall be checked by an authorized agent for
the nuclear gauge. ’
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3.7.5.2 [nitial site calibration for moisture density.
Calibrate tha nuclear gauge depending upon the nature of
the measurement application as follows,
{a) Ground investigation comparative tests. These tests
require no initial site calibration, provided that the data
obtained are used only for comparative purposes on the
particular site. The test report shali clearly state that
the comparative test method has been used.

(b) Ground investigation absolute tests. Carry out an
initial test before using the gauge at any site or when any
significant change in the type of material occurs, Do this
by selecting a suitable location and performing a
minimum of two separate nuclear tests following the
procedure given in 3.7.5.3 at different moisture densities
spanning the range of expected use. For each nuclear test
determine: .
(1) the quantity of water present per unit volume of
~ the material from standard bulk density measurement
ather than the nuclear method; and

(2) the moisture content by the definitive method
described in 1.3.3.

Compare the field density and moisture content results
with the nuclear moisture density measurements. If each
of the field tests varies by not more than 0.01 Mg/m?

of water from the nuclear result, and some of the field
tests are greater and some less than the nuclear result
then adjustment of the manufacturer’s calibration is

not necessary.

NOTE 1. Where the results all lie in one direction, some gauges
include a facility for a constant adjustment.

Where there is a difference between the previous
calibration and the check points that is greater than
0.01 Mg/m?® of water carry out a material calibration
as described in 3.7.6.3.

NOTE 2. Two calibration procedures are given using either

contalners or in-situ tests. Normally the container method is
preferred.

NOTE 3. The alternative in-situ test methods may produce data
with an inherent scatter that itself exceeds 0.01 Mg/m3 of water.
It is therefora iImportant to carry out enough alternative tests to
provide reliable data. Whare there is a doubt calibration using
the container method should be carried out.

3.7.5.3 Material calibration for moisture density

3.7.6.3.1 Calibration using blocks of material of known
molsture densfty. Place the stabilized material in the
container as described in 3.7.4.3.1 in a manner to provide
a uniform bulk density and moisture density. After the
nuclear measurements calculate the bulk density of the
stabilized material from the internal dimensions of the

. container and the mass of the wet stabilized material.
Then take a representative sample of the material in the
container to determine the moisture content of the
material by the definitive method described in 1.3.3.
Calculate the moisture density, i.e. the mass of water
present per unit valume of placed material.

8.75.3.2 Calibration of an in-situ location. Establish the
calibration by using in-situ density tests such as those
described in 3.3 and 3.4 and the moisture content of the
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in-situ material by the definitive method described

in 1.3.3. The method and test procedures used in obtaining
the nuclear moisture density measurements shall be the
same as those used to make a site measurement.

3.7.5.3.3 Derivation of the calibration

3.7.5.3.3.1 Use the two sets of data on moisture density,
i.e. the count ratio or moisture density measurement by
the existing gauge calibration and the results of the
alternative test methods, to obtain the required
calibration.

3.7.5.3.3.2 The relation of best fit for normal moisture
density is normally linear. Use the results of the analysis
to adjust the manufacturer’s calibration when this is
incorporated in the gauge electronics.

3.7.5.3.3.3 Where the new calibration points all lie
uniformly on one side of the previous calibration this may
be due to the presence of chemically bound water in the
material. Some gauges include a facility to provide a
constant adjustment of the result to suit such cases.

3.7.5.3.3.4 Repeat calibrations for moisture density every
three months when testing is to continue for a particular
calibration for longer than this period.

3.7.6 Gauge standardization procedure

NOTE. All nuclear gauges are subject to long-term ageing of the
sources, electronic components and the detectors, Geographically
affacted background radiation may vary, which can change the
gauge performance. Gauges are therefore calibrated in terms of a
ratio of the measurement count rate for each nuclear source to a
count rate made on a reference.block.

3.7.6.1 Carry out the standardization of the gauge on the
reference block for each type of measurement at the start
and the end of each day’s use. This procedure shall also

be repeated after 8 h of continuous use, but may be carried
out more frequently if approptiate. Retain a permanent
record of these data. If the gauge is switched off repeat

the standardization procedure.

3.7.6.2 Switch on the gauge and allow for normalization,
if required, in accordance with the gauge manufacturer’s
handbook. This period will usuatly be not less than 16 min.
If the gauge is to be used either continuously or inter-
mittently during the day, do not switch the gauge off.

‘Perform the test with the gauge located at least 7 m away

from other nuclear gauges and at least 1.5 m away from
any large structure which may affect the gauge readings.
When it is necessary to use the gauge in a narrow trench or
within 1.6 m of a building or other structure, take inta
account the effects of reflected radiation by determining
the standard count rate with the reference block within

10 mm of each of the proposed test locations prior to each
such test and use the same orientation as for the test.
Always keep the gauge at least 150 mm clear of any
vertical projection.
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3.7.6.3 Place the gauge on the reference block and ensure
that the source rod is correctly located. For each type of
measurement, i.e. bulk density and moisture density,
take at least four consecutive readings over a measure-
ment period of 1 min and calculate the mean value.
NOTE. If available on the gauge a single measurement taken over
a period of 4 min or more is acceptable.

This shall constitute one standardization check.

3.7.6.4 Make a record of the results of each standard-
jzation check with the date of the measurements in the
gauge log in order to retain a continuity of results.

3.7.6.5 Check whether the arithmetical mean value in
each case is within the limits set by the following equation
and record the value of N, in the gauge log.

N, =Ny, £2.0N,/p,
where

N, is the-average value of the current standard count
rate;

No is the average of four values.of N. taken prior to. use,

Pe is ‘the amount of prescale applled to the detector
counts prior to display.
NOTE. The manufacturer should supply the value of p.. If no
prescale is built into the gauge pc = 1.
Provided that N, is within the limits permitted by the
equation, use the N, value to determine the count rate
ratios for the current day's use of the gauge.

3.7.6.6 | the value of N is outside the permitted limits
repeat at least twice more the procedure for determining
the average standard count rate. If all three, or two, of the
three determinations are outside the acceptable limits
withdraw the gauge from service until the fault is rectified.

3.7.6.7 If the sténdardization at the end of the working
period gives values outside the permitted limits all results
with that working period shall be invalid.

3.7.7 Gauge stability procedure

Follow the gauge standardization procedure described
in 8.7.6 but carry out a series of at least 16 repetitive
measurements of 1 min with the gauge on the reference
block for each type of measurement. Do not move the
gauge during this process.

Separately record each of the measurements for each
nuclear source in the gauge log with the date of the
measurements.

Determine the standard deviation (SD) and determine the
average value of each series of repetitive-measurements.

Check that each stability ratio, expressed as the standard
deviation divided by the square root of the average value,
" lies within the gauge manufacturer’s quoted range for the
gauge. Take into account any prescale value used and
record the results in the gauge log.
Where either of the stability ratios fall outside the gauge
manufacturer’s specified range or the trend in successive
checks is erratic withdraw the gauge from service until the
fault is rectified.
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NOTE. Carry out this check on the gauge stability for each type
of measurement at least once a month when in general daily use
and once every 3 months otherwise. If the trend in successive
checks is erratic the gauge should be withdrawn.

3.7.8 Test procedure for the determination of bulk
density by direct transmission

3.7.8.1 Standardize the gauge by the procedure described
in 3.7.6. Perform the test with the gauge located at least

7 m away from other nuclear gauges and at least 1.5 m
away from any large structure (large structures may affect
the gauge readings). ’

When it is necessary to use the gauge in a narrow trench or
within 1.5 m of a building or other structure, take into
account the effects of reflected radiation by determining
the standard count rate with the reference block within
10 mh of each of the proposed test locations prior to each
such test. Always keep the gauge at least 150 mm clear of
any vertical prolectlon .

3.7.8.2 Select an area for testas descnbed in 3. 2 and
remove extraneous material from the test position, which
shall be essentially flat and free from depressions.

3.7.8.3 Using the template as a guide, drill or drive a hole
to the appropriate depth. The depth of the hole may need
to be greater than the depth over which the bulk density
is to be determined (consult the gauge mariufacturer’s
handbook for advice en the appropriate depth). Mark the
surface in order to locate the gauge correctly with respect
to the position of the hole for the probe.

3.7.8.4 Place the gauge on the test site and ensure that
there is good contact betweén the base of the gauge and
the material under test. Where necessary maximise -
contact between the gauge base, which shall be kept clean
and free of adhering particles, by using small quantities of
fine dry sand, or fines of the material under test, to fill
small surface voids. Ensure that this added material does
not form a separate layer.

3.7.8.5 Insert the probe to the selected depth and pull the
gauge in the direction that will bring the probe against the
side of the hole, closest to the detector location in the
gauge housing.

3.7.8.6 Obtain a gauge bulk density reading in accordance
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with the gauge manufacturer’s handbook and, if required,
a gauge moisture density reading (see 3.7.9), both with a
minimum test period of 1 min. If desired, rotate the gauge
about the axis of the probe and take further measurements,
For the second determination rotate the gauge through
180 ° to the-direction of the first measurement and
average the two results. Alternatively, increase the volume
of material measured by repeating the test at immediately
adjacent (vertically or horizontally) locations and averag-
ing the results. If the test is repeated in a vertically
adjacent location and-the results are to be averaged,

the top of the second test shall be at the level of the
depth selected for the insertion of the probe in the first
test. .

3.7.8.7 Retract the movable probe securely into the
housing.
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3.7.8.8 Read off from the gauge and record the nuclear
field bulk density and, if required, the moisture density at
the test site. Adjust the field values using the calibration
charts.

NOTE. Some gauges contain microprocessors capable of storing a
user-determined calibration which automatically corrects the
displayed data.

3.7.9 Test procedure for the determination of bulk

density and moisture density by back scatter

NOTE; The addition of molsture density measurements, with gauges
that include this facility, may be taken at the same time as the bulk
density measurements in either bulk density mode of the gauge.
Where molsture density, as the mass of water per unit volume,

is separately required, follow the procedure given in this clause but
omit the operations concerning bulk density, including leaving the
bulk density measurement in the safe position.

3.7.9.1 Follow the procedure described in 3.7.8.1, 3.7.8.2
and 3.7.8.4.

3.7.9.2 Follow the gauge manufacturer’s handbook to
obtain a gauge bulk density reading and gauge moisture
density reading, both with a minimum test period of 1 min,
If desired, rotate the gauge about the axis of the probe and
take further measurements. For the second determination
rotate the gauge through 180 ° to the djrection of the first
measurement and average the two results. Alternatively,
increase the volume of material measured by repeating the
test at immediately adjacent locations and averaging the
two results.

3.7.9.3 Retract the nuclear probe safely into the housing.

3.7.9.4 Read off from the gauge and record the nuclear
field bulk density and, if required, the moisture density at
the test site, Adjust the field values using the calibration
charts;

NOTE. Some gauges contain micropracessors capable of storing a
user-determined calibration which automatically corrects the
displayed data. .

3.7.10 Calculations and expression of results
3.2.10.1 Dry density. Calculate the dry density pq
{in Mg/m?®) from the following equations:
(a) for nuclear gauge determinations of moisture
content:
pa=p-W
“where

p is the bulk density of the material (in Mg/m?)
determined with the nuclear gauge;

W is the moisture density, i.e. the mass of water per
unit volume of material determined with the
nuclear gauge. -

(b} for laboratory determination of moisture content:

pq = 100p/100 +w
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where
p is the bulk density of the material (in Mg/m®)
determined with the nuclear gauge;
w is the moisture content of the material (in %) as
determined by the definitive method given
in 1.3.3.

3.7.10.2 Moisture content. Calculate the moisture content
w {as %) from the equation:
w=100W/p- W
where
W is the moisture density, i.e. the mass of water per
unit volume of material determined with the nuclear
gauge; .
p is the bulk density of the material (in Mg/m?)
determined with the nuclear gauge.

3.8 Test report

The report shall affirm that the in situ density test was
made in accordance with clause 3 of BS 1924 : Part 2 :
1990. The report shall contain the following results and
general information:

(a) the method used to obtain the results;

(b) the in situ bulk and/or dry density of the stabilized

material (in Mg/m?) to the nearest 0.01 Mg/m?;

(c) the moisture content (if determined) as a percentage

to two significant figures;

(d} the test location and test number;

(e) the time-lapse between completion of compaction
and the time at which the in situ density was
determined; )

(f) description of the stabilized material, i.e. type of
material and stabilizer.
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Section four. Strength and durability tests

4.1 Determination of the compressive
strength of cylindrical specimens

NOTE. This method is not suitable for use with coarse-grained
materials as the size of mould which would be required would
be very heavy to handle when filled with compacted material.

4.1.1 Pringciple

Specimens of laboratory mixed stabilized material
prepared as described in 6.3 of BS 1924 : Part 1 : 1990,
or freshly mixed stabilized materials from the site (see
note), are prepared by compacting the material into
cylindrical moulds, After de-moulding the specimens are
cured at constant moisture content and temperature for
a set period to allow the stabilizer to harden. At the end
of the curing period the specimens are crushed and the
compressive strength calculated from the crushing force
and cross- sectional area of the cylinders.

NOTE. In the case of cement-stabilized materials preparation of
the specimens should be completed within 2 h of mixing.
Lime-stabilized materials may benefit by being allowed to ‘cure’
before proceeding with the preparation of test specimens (see 6.3.3
of BS 1924 : Part 1 : 1990).

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this standard.

4.1.2 Apparatus
4.1.2.1 General apparatus

4.1.2.1.1 5 mm and 20 mm test sieves, for fine and.
medium-grained materials respectively.

4,1.2.1.2 A balance of 10 kg minimum capacity, readable
to1g.

4.1.2.1.3 Tapered moulds, each having two steel plugs,
for the preparation of specimens of the following dimen-
sions (see note):

{a) for fine-grained materials: 100 mm high x 50 mm
mean diameter (see figure 17);

{b) for medium-grained materials: 200 mm high
X 100 mm mean diameter (see figure 19).

All parts of the moulds shall be strong enough to prevent
distortion.

NOTE. The specification has been written on the basis of internally
tapered moulds being used. These have the advantage that they are
very convenient to use, but if they are not available split moulds
with the same dimensions but with cylindrical bores may be used
in their place. The moulds should be lightly coated with oil before
use, - .

4.1.2.1.4 Ejecting plungers and displacing collars, for use
with the above moulds {see figures 18 and 20).

4.1.2.1.5 A compression testing machins, capable of
exerting a force up to 500 kN and producing in a specimen
a steady rate of axial deformation of approximately

1 mm/min. The platens shall be adequately supported

over the area of contact with the specimens and when
tested in accordance with BS 427 shall have a Vickers
hardness value of not less than 550HV30. The surface
flatness of the platens and the surfaces by which they are

Copyright by the British Standards Institution
Mon Jul 24 13:52:50 2000

supported shall be 0.03 mm or better. The surface texture
of the areas in contact with specimens shall be between
0.4 ym and 3.2 pm R,. The upper platen shall be
supported by a spherical seating designed to permit easy

" alignment of the platen to.the specimen but to become
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immobile as the force on the specimen increases. Provision
shall be made for positive location of specimens at the
centre of the lower platens; visual alignment is not accept-
able. The machine load indicators shall be verified in
accordance with BS 1610 : Part 1, annually or when
disturbance, adjustment ot major repair may have affected
the accuracy. Machines complying with grade 1 of

BS 1610 are suitable.

4.1.2.1.6 A steel tamping rod, of suitable length and
5 mm to 156 mm in diameter.

4.1.2.1.7 Apparatus for moisture content determination
by the oven- drying method described in 1.3.3.

4.1.2.1.8 A hide-faced or copper-faced hammer, of mass
approximately 2 kg. :

4.1.2.1.9 Metal funnel or scoop, to fit the neck of the
moulds.

4.1.2.1.10 Calipers, readable to 0.1 mm with an opening
not less than 100 mm when testing fine-grained materials
or 200 mm when testing medium-grained materials.

4.1.2.2 Additional apparatus for specimens compacted
to a constant compactive effort

4.1.2.2.1 A 50 mm diameter metal rammer, as used in
the 2.5 kg rammer method described in 2.1.3.2.3 (see
figure 3).

4.1.2.2.2 A palette knife.

NOTE. A convenient size is one having a blade 200 mm long
and 30 mm wide.

4.1.2.2.3 A straightedge, e.g. a steel strip 300 mm long,
26 mm wide and 3 mm thick, with one bevelled edge.

4.1.3 Material

A4.1.3.1 Paraffin wax, or other suitable wax or plastics
sheeting for coating the test specimens to maintain them
at constant moisture content (see 4.1.6).

NOTE. If wax is used suitable equipment in which to melt the'
wax will be needed.

4.1.4 Preparation of specimens compacted to a
pre-determined density

4.1.4.1 Either mix the material with the water and
stabilizer as described in 6.3 of BS 1924 : Part 1 : 1990
or obtain a sample of the mixed material from the site by
the procedure described in 5.3 of BS 1924 ; Part 1 : 1990.

4.1.4.2 Sieve the mixed material on the 5 mm test sieve
for fine-grained materials or the 20 mm test sieve for
medium-grained materials and use only the fraction
passing the appropriate sieve for the preparation of the
specimens.
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4.1.4.3 Calculate the mass (my, in g) of the stabilized
material required for moulding into a specimen of the
required dry density in accordance with the mould used,
from the appropriate equation as follows:

(a) for fine-grained materials (100 mm X 50 mm
moulds):

m; = (196.4 + 1.964w) py

(b} for medium-grained soils {200 mm X 100 mm
moulds): - .

my = (1671 + 156.71w) p4
where : )
w is the moisture content of the stabilized material
{in %);
Pq is the dry density of the stabilized material
(in Mg/m®).

4.1.4.4 Carry out one of the following procedures.

(a) Place the appropriate mass of material in the mould
into which, using a displacing collar, the lower plug has
been inserted to a distance of 15 mm. During filling
tamp the material gently and uniformly so that the
upper plug can be inserted to a distance of about

15 mm. Insert the upper plug and place the mould
assembly in the compression device or testing machine.
After removal of the displacing collars apply a compres-
sive force to the plugs until the flanges are in contact
with the barrel of the mould. After the force has been
maintained for about 0.5 min release the force and
remove the mould from the press. Then remove the
plugs from the mould. Insert the plunger into the end
of the mould having the smaller diameter and release
the specimen from the taper by gentle hammering or
pressure. Remove the specimen from the top of the
plunger and determine its mass {m, ) to the nearest 1 g
(see note).

{(b) Follow the procedure given in {a) except that the -
specimen shall be' compacted by driving home the end
plugs with a hide-faced or copper-faced hammer

(see note).

NOTE, When dealing-with cohesive materials it is possible to
remove the specimen from the mould immediately after
preparation. However, with non-cohesive materials it may

be advantageous to allow the specimen to remain in the mould
until it has developed enough strength for it to be handled;

24 h is generally sufficient. If the specimens.are to be coated
in wax (598 4,1.6) they can be handled immediately if a cradie
is made which allows the specimens to be transferred from
the mould to the cradle and then dipped in moiten wax. Once
the wax has hardened the specimens can be handled without
difficulty. -

4.1.5 Preparation of specimens compacted with constant
compactive effort_

4.1.5.1_Either mix the material with the water and
stabilizer as described in 6.3 of BS 1924 : Part 1 : 1990
or obtain a sample of the mixed material from the site by

the procedure described in 5.3 of BS 1924 : Part 1 : 1990.

4,1.5.2 Sieve the mixed material on the 5 mm test sieve
for fine-grained materials or the 20 mm test sieve for
medium-grained materials and use only the fraction
passing the appropriate sieve for the préparation of the
specimens.

4.1.6.3 For fine-grained materials proceed as follows.

Insert the appropriate plug into the bottom of the mould,
i.e. the larger diameter uppermost, and add to the mould
a quantity of the material sufficient to give a specimen
length of 100 mm to 110 mm after compaction, i.e. about
450 g for most naturally occurring materials. Tamp the
material gently and uniformly with the tamping rod
during the operation.

Insert the other plug into the mould, and compact the
material by 15 blows of the rammer dropped from a
height of 300 mm on to the plug.

NOTE. This plug should not have been fully driven home at this
stage; if it has, then there is insufficient material in the mould.
Invert the mould containing the specimen and replace the
uppermost plug by the plunger. The material shall then
be further compacted by 16 blows from the rammer
applied to the plunger.

Reject the compacted specimen for subsequent testing if
its length exceeds 110 mm. Insert the plunger into the
end of the mould having the smaller diameter and release
the specimen from the taper by gentle hammering or
pressure. Remove the specimen from the mould and
determine its mass (m. ) to the nearest 1 ¢ (see note

to 4.1.4.4(b)).

4.1.5.4 For medium-grained materials proceed as follows.

Insert the appropriate plug into the bottom of the mould,
i.e. the larger diameter uppermost, and compact a quantity
of material sufficient to give a specimen of 200 mm to
210 mm after compaction, i.e. about 3,5 kg for most
naturally occurring materials, into the mould in six equal
layers. Give each layer 26 blows of the rammer dropped
from a height of 300 mm above the stabilized material,
Distribute the blows uniformly over the surface of each
layer, and scarify with the palette knife before the next
layer is added. Reject the compacted specimen for
subsequent -testing if its length exceeds 210 mm.

Insert the plunger into the end of the mould having the
smaller diameter and release the specimen from the taper
by gentle hammering or pressure. Extrude any length in
excess of 200 mm beyond the mould. Gauge this length
by placing the 200 mm long displacing collars on the
plunger. Carefully level off the face of the specimen to
the end of the mould using the straightedge and fill any
irregularities with fine material from the same sample.
Remove the specimen from the mould and determine its
mass {m, ) to the nearest 1 g (see note to 4.1.4.4 (b)).
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4.1.6 Curing

After removing the specimens from the moulds coat them
with wax (see note 1) to maintain them at their specified
moisture content. Take care not to leave holes in the wax
film and to complete the coating as quickly as possible to
prevent absorption.of the wax. After coating with wax
determine the mass {m4) to the nearest 1 g and store unti!
required (see note 2) at a constant temperature of

20 * 2 °C (see note 3).

NOTE 1. During the curing period it is essential that the specimens
do not lose any water. Coating with wax has been specified as this
has been found to be the best method of maintaining the moisture
content of a specimen at a constant value, Is very simple to carry
out and the wax can be re-used. To simplify its removal from a
specimen, the wax should be used as cool as possible. If it is not
possibla to coat the specimens with wax they should be wrapped
carefully in thin plastics sheeting and transferred to sealed

airtight plastics bags of a size just sufficient to hold a single
specimen. In the case of stabilized specimens prepared from

washed and graded aggregates, e.g. lean concrete (CBM3) specimens,

it is acceptable to cure them by allowing them to harden in their
moulds for 24 h and then to cure them totally immersed under
water at 20 = 2 °C until required. This is the method normally used
for curing test specimens of concrete and tests have shown that it is
an acceptable alternative for curing stabilized specimens prepared
from granular materials free from cohesive fines.

NOTE 2. After the specimens have been removed from the moulds
they have to be allowed to cure for a sufficient time for strength
to develop. Tests are therefore normally carried out on specimens
that have been stored for various periods to determine whether or
not the strength is increasing satisfactorily. With cement-stabilized
materials suitable periods for storage are 3, 7, 14 and 28 days whilst
for lime-stabilized materials periods of 7, 28, 56 and 112 days
might be more appropriate. However, in many cases tests are made
on specimens that have been stored for a single fixed period,

the time chosen depending on the process of stebilization under
consideration. With cement-stabilized materials this period is
noimally 7 days and for.lime-stabilized materials it is normally

28 days.

NOTE 3. The curing temperature of 20 + 2 °C applies in temperate
climates. For areas with tropical and subtropical climates a curing
temperature of 27 + 2 °C is more appropriate. The tolerance on the
curing temperature of + 2 °C is essential for all laboratory work and
for preliminary testing to ascertain the cement content required.
For site conditions where strength tests are being made for quality
control purposes, however, the tolerences may be relaxed to

+ B °C. If this Is done the maximum and minimum curing tempera-
tures should be ascertained and reported with the rasults.

4.1.7 Crushing procedure

4.1.7.1 After the curing period and before testing weigh
each specimen and record its mass (m,) to the nearest 1 g.
Discard any specimen 100 mm high x 50 mm in diameter
which has lost more than 4 g in mass and any specimen
200 mm high x 100 mm in diameter which has lost more
than 12 g in mass during the curing period.

4.1,7.2 After weighing carefully remove the wax from
the specimen; take care not to damage the surface. Keep ~
the wax for subsequent re-use.

4.1.7.3 Measure and record the length (L) of the
specimen to the nearest 0.1 mm using the calipers and
the steel rule. -
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4.1.7.4 Place the specimen centrally on the lower platen
of the compresslon testing machine and apply the force

to the ends of the specimen so that the rate of deformation

is uniform and approximately 1 mm/min. Record the
maximum force (p, in N) exerted by the.machine during
the test. .

4.1.7.5 If required, determine the moisture content (w;)
of a representative sample of fragments taken from the
interior of the specimen by one or other-of the methods
given in clauses 1.4.4 t0 1.4.6.

NOTE. The moisture content determined at this stage will usually
differ from the injtial molisture content because some of the water
will have been removed by hydration and pozzolanic reactions
even if no losses due to evaporation have occurred.

4.1.8 Calculations and expression of results

NOTE. A typical data and calculation form for the dstermination
of the compressnve strength is given in form L of appendix A.

4.1.8.1 Calculate the compressive strength {P, in MPa)
of each specimen from the appropriate equation as
follows: )
(a) for specimens 50 mm in diameter and 100 mm
long: P = 0.00051p;
(b} for specimens 100 mm in diameter and 200 mm
long: P = 0.0001275p
where p is the maximum recorded Ioad (in N).

Record values of the compressive strength up to 2 MPa to
the nearest 0.02 and values above 2 MPa to the nearest
0.05.

4.1.8.2 Calculate the mean unconfined compressive
strength of the set of specimens tested recording the mean
value as given in 4,1.8.1.

4.1.8.3 If required calculate the initial dry density
{pq. in Mg/m®) of the specimens from the appropriate
equation as follows:

(a) for specimens 50 mm in diameter and 100 mm
long: pgq = 50.92m, /1 (100 + wy);

{b) for specimens 100 mm in diameter and 200 mm
long: pq = 12. 73mz/L(100+w,) '

where

m, is the mass of the specimen before coating with
wax {in g);

L is the length of the specimen (in mm);
wy is the initial moisture content of the stabilized
material {in %).
Record values of dry density to the nearest 0.01 Mg/m3
and of moisture content to two significant figures.
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4.1.8.4 If required calculate the dry density
{pg. in Mg/m3) of the specimen as tested from the
appropriate equation as follows:

(a) for fine-grained materials:
_ 50.92(my - m3 +ms)
Pa= T 00 v wy) ¢
(b) for medium-grained materials:
_ 12.73{m, ~m3 +ma)
P ™ T 100+ wy )
~where
my is the mass of specimen before coating with
wax (in g); .
mj3 is the mass of specimen after coating with wax
{in g);
my is the mass of specimen after curing (in g).

NOTE. The equations in 4.1.8.3 and 4.1.8.4 are applicable only
to specimens which have been coated with wax. |f other methods
of curing were used the equations need to be adjusted to take
account of this.

4.1.9 Test report

The test report shall affirm that the compressive strength
was determined in accordance with 4.1 of BS 1924 :
Part 2 : 1990 and whether or not a certificate of sampling
is available. If available a copy of the certificate of
sampling shall be provided. The test report shall contain
the following additional information:
 (a) sample identification;
{b) the mean compressive strength of the set of
specimens, together with the results for the individual
specimens;
(c) the moisture content and dry density at which the
specimens were prepared and/or the moisture content
and dry density at which they were tested;

(d) the age at which the specimens were tested;
(e) the s1ze and shape of the test speciméns,

4.2 betermination of the compressive
strength of cubic specimens

4.2.1 Principle

"Specimens of laboratory mixed stabilized material
prepared as described in clause 6.3 of BS 1924 : Part 1 :
1990, or freshly mixed stabilized materials from the site
(see note), are prepared by compacting the material into
cubic moulds, After de-moulding the specimens are cured
at constant moisture content and temperature for a set |
period to allow the stabilizer to_harden. At the end of the
curing period the specimens are crushed and the compres-
sive strength calculated from the crushing force and
cross-sectional area of the cubes.

NOTE. in the case of cement-stabilized materials preparation of
the specimens should be completed within 2 h of mixing.
Lime-stabilized materials may benefit by being allowed to ‘cure’
before proceeding with the preparation of test specimens (see

. clause 6.3.3 of BS 1924 : Part 1 : 1990).
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The requirements of BS 1924 ; Part 1 shall where appro-
priate apply to this test method.

4.2,2 Apparatus
4.2.2.1 Apparatus for all methods

4.2.2,1.1 5 mm, 20 mm and 27.5 mm test sieves, for fine,
medium and coarse-grained material respactively.

4.2.2.1.2 A balance, of 10 kg minimum capacity,
readable to 1 g. :

4.2.2.1.3 Moulds, suitable for casting 150 mm cubes,
manufactured in accordance with BS 1881 : Part 108.

4.2.2,1.4 A plasterer’s steel trowel,

4.2,.2,1.5 Curing tins, with well fitting lids and suitable
sealing tape.

NOTE. Tins of 160 mm X 160 mm X 165 mm in size are a
convenient means of storing the cubes whilst they are curing and
help to protect them from damage. If they are not available close
fitting airtight plastics bags may be used (see also 4.2.6).

4.2.2.1.6 A compression testing machine, that meets the
requirements of BS 1881 : Part 115, capable of exerting
sufficient force for the tests and of providing a uniform
rate of increase of stress in the test specimen of approxi-
mately 3.5 MPa/min.

4.2.2.1.7 A palette knife,

NOTE. A convenient size is one having a blade 200 mm long
and 300 mm wide.

4.2.2.1.8 Flat metal plates, measuring approximately
200 mm X 200 mm x 3 mm, or other suitable means of
preventing loss of moisture from the top of cube moulds.

4,2.2.1.9 Apparatus for moisture content determination
by the oven-drying method described in 1.3.3.

4.2.2.2 Additional apparatus for specimens compacted to
a pre-determined dry density

4.2.2.2.1 'An electric or pneumatic vibrating hammer.

NOTE. Electric vibrating hammers as described in 2.1.6.3.2 or
pnhaumatic vibrating hammers of similar performance are suitable,

4.2,2.2,2 A square tamper, approximately 8100 mm? in
area for use with the vibrating hammer, having a collar
rigidly and accurately attached to its shank so that the
tamper foot is prevented from entering the mould further
than 50 mm (see figure 21).

4.2.2.2.3 A square tamper, as in 4.2.2.2.2, with entry
into the mould limited to 100 mm. ,

4.2.2.2.4 A square tamper, as in 4.2.2.2.2, with entry
into the mould limited to 150 mm.

4.2.2.3 Additional apparatus for specimens compacted
to a constant compactive effort

4.2.2.3.1 A metal rammer; having a 456 mm square face,
a mass of 4.5 kg and a controlled drop of 450 + 4 mm
(see figure 22).

38
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4,2.2.3.2 A straightedge, e.g. a steel strip 300 mm long,
25 mm wide and 3 mm thick, with one bevelled edge.

4.2.2.4 Additional apparatus for specimens compacted
to refusal

4.2.2.4.1 An electric or pneumétic vibrating hammer.

NOTE. Electric vibrating hammers as described in 2.1.6.3.2 or
pneumatic vibrating hammers of similar performance are suitable.

4.2.2.4.2 A square tamper, approximately 7200 mm? in
area for use with the vibrating hammer.

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

4.2.3 Preparation of specimens compacted to a
pre-determined density

4.2.3.1 Either mix the material with the water and
stabilizer as described in 6.3 of BS 1924 : Part 1 : 1990 or
obtain a sample of the mixed material from the site by
the procedure described in 5.3 of BS 1924 : Part 1 : 1990.

4.2.3.2 Sieve the mixed material on the 5 mm test sieve
for fine-grained materials, the 20 mm test sieve for
medium-grained materials or the 37.5 mm test sieve for
coarse-grained materials and use only the fraction passing

the appropriate sieve for the preparation of the specimens.

4.2.3.3 Calculate the mass (my, in g) of stabilized
material required for moulding into a specimen of the
required dry density from the equation:

mi = Pg (3375.0 + 33.75W1 ’

where
w, is the moisture content of the stabilized material
(in %);
Pq is the dry density of the stabilized material
{in Mg/m3).

4.2.3.4 Divide the material of mass m; into three approxi-
mately equal parts by mass. Place one of the parts in an
assembled mould and level off the surface. Using a tamper
fitted with a collar at the 100 mm mark and a vibrating
hammer, compact the material uniformly until the collar
comes into contact with the upper surface of the mould.
Scarify the surface of the layer with the palette knife
before adding the next layer and compacting it in a
similar manner to the first layer, but using a collar at the
50 mm position. Place a 150 mm cube mould, without the
baseplate, squarely on top of the mould, scarify the
compacted layer with the palette knife, and add the final
layer using the tamper with the collar at the 150 mm
position. Remove the upper mould and then level off the
surface of the specimen carefully to the end of the mould
using the trowe! and vibrating tamper, care being taken
not to spill any loose material during this final operation.
Cover the mouild containing the specimen with a metal
plate and store at a temperature of 20 £ 2 °C (see note 3
-t0 4.1.6) until the following day, then remove the
specimen from the mould for further curing. Weigh the
specimen and record its mass (m,) to the nearest 1 g.
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4.2.4 For specimens compacted to a constant
compactive effort

4.2.4.1 "Either mix the material with the water and
stabilizer as described in 6.3 of BS 1924 : Part 1 ;: 1990 or
obtain a sample of the mixed material from the site by the
procedure described in 6,3 of BS 1924 : Part 1 : 1990.

4.2,4.2 Sieve the mixed material on the 5 mm test sieve
for fine-grained materials, the 20 mm test sieve for
medium-grained materials or the 37.5 mm test sieve for
coarse-grained materials and use only the fraction passing
the appropriate sieve for the preparation of the specimens.

4.2.4.3 Assemble the mould on its baseplate and place
another mould, without the baseplate, squarely on top.
Compact a quantity of material sufficient to give a )
specimen of 150 mm to 160 mm depth after compaction,
i.e. about 8 kg for most naturally occurring materials,
into the mould in three equal layers. Give each layet

35 blows of the rammer dropped from a height of

450 mm above the stabilized material. Distribute the
blows uniformly over the surface of each layer and
scarify with the palette knife before the next layer is
added. Reject the compacted specimen for subsequent
testing if its height exceeds 160 mm.

4.2.4.4 After removing the upper mould strike off excess
material level with the top of the lower mould and check
with the straightedge, and fill any irregularities with fine
material from the same sample. Cover the mould contain-
ing the specimen with a metal plate and store at a tempera-
ture of 20 = 2 °C (see note 3 to 4.1.6) until the following
day, then remove the specimen from the mould for further
curing. Weigh the specimen and record its mass (m, ) to the
nearest 1 g.

4.2.5 For specimens compacted to refusal

4,2.5.1 Either mix the material with the water and
stabilizer as described in 6.3 of BS 1924 : Part 1 : 1990 or
obtain a sample of the mixed material from the site by the
procedure described in 5.3 of BS 1924 : Part 1 : 1990.

4.2,5.2 Sieve the mixed material on the 5 mm test sieve
for fine-grained materials, the 20 mm test sieve for
medium-grained materials or the 37.5 mm test sieve for
coarse-grained materials and use only the fraction passing
the appropriate sieve for the preparation of the specimens.

4.2.5.3 Assemble the mould on its baseplate and place
another mould, without the baseplate, squarely on top.
Compact a quantity of material sufficient to give a
specimen of 150 mm to 160 mm depth after compaction,

‘i.e. about 8 kg for most naturally occurring materials,

into the mould in three approximately equal’layers.
Compact each layer with a tamper fitted to a vibrating
hammer until it is judged that no further compaction is
possible. Scarify each layer with the palette knife before
the next layer is added. Reject the compacted specimen
for subsequent testing if its height exceeds 160 mm,
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4.2.5.4 After removing the upper mould strike off excess
material level with the top of the lower mould and check
with the straightedge, and fill any irregularities with fine
material from the same sample. Cover the mould contain-
ing the specimen with a metal plate and store at a tempera-
tlre of 20 + 2 °C (see note 3 to 4.1.6) until the following
day, then remove the specimen from the mould for further
curing. Weigh the specimen and record its mass m;,) to
the nearest 1 g.

4.2.6 Curing

During the curing period it is essential that the specimens
do not lose any water. After removing the specimen from
the mould place one of the curing tins specified

in 4.2.2.1.5 (see note 1) over the specimen and then
invert the tin with the specimen inside. Place the lid in
position and seal with a-suitable tape. Weigh the tin and
the specimen, record the mass (m3) to the nearest 1 g and
store until required {see-note 2) at a constant temperature
of 20 £ 2 °C (see note 3 to 4.1.6).

NOTE 1. Storage in a sealed tin with dimensions slightly larger
than the cubes has been found to be a good method of maintaining
the moisture content at constant value, is very simple to carry out
and protects the cubes from damage. If suitable tins are not avail-
able close-fitting airtight plastics bags may be used.

In the case of stabilized specimens prepared. from washed and
graded aggregates, e.g. lean concrete (CBM3) specimens, it is
acceptable to cure them by allowing them to harden in their
moulds for 24 h and then to cure them totally immersed under
water at 20 z 2 °C until required. This is the method normally
used for curing test specimens of concrete and tests have shown
that it is an acceptable alternative for curing stabilized specimens
prepared from granular.materials free from cohesive fines.

NOTE 2. After the specimens have baen removed from the moulds
they have to be allowed to cure for a sufficient time for strength
to develop. Tests are therefore normally carried out on specimens
that have been stored for various periods to determine whether or
not the strength.is increasing satisfactorily. With cement-stabilized
materials suitable.periods for storage are 3, 7, 14 and 28 days whilst
for lime-stablilized materials periods of 7, 28, 56 and 112 days
might be.more appropriate. However, in many cases tests are made
on specimens that have been stored for a single fixed period,

the time chosen depending on the process of. stabllization under
consideration. With cement-stabilized materials this period is
normally 7 days and for lime-stabilized materials it is normalily

28 days. y

4.2,7 Crushing procedure

4.2,7.1 After the curing period and before testing weigh
the tin and specimen and record the mass (m4) to the
nearest 1 g. Discard any specimen which has lost more
than 26 g in mass during the curing period.

4.2.7.2 Place the specimen centrally on the lower platen
of the compression testing machine in such a manner
that the force is applied to the opposite sides of the cubes
as cast, i.e. not to the top and the bottom. Apply the
force without shock and increase continually at a rate of
between 2.5 and 4.5 MPa/min until the resistance of the
cube to the increasing force breaks down and no greater
force can be sustained. Record the maximum force

{(p, in N} exerted by the machine during the test.

4.2,7.3 If required, determine the moisture content

{w, ) of a representative sample of fragments taken from
the interior of the speciimen by one or other of the methods
given in clauses 1.3.3 to 1.3.5.

NOTE. The moisture content determined at this stage will usually
differ from the initial moisture content because some of the water
will have been removed by hydration and pozzolanic reactions
even if no losses due to evaporation have otccurred. ’

- 4.2.8 Calculations and expression of results

4,2.8.1 Calculate the compressive strength (P, in MPa)
of each specimen from the equation:
P =0,000044p

where | ] )
p is the maximum recorded load (in N).

Record values of the compressive strength up to 2 MPa
to the nearest 0.02 MPa and values above 2 MPa to the
nearest 0.05 MPa,

4.2.8.2 Calculate the mean unconfined compressive
strength of the set of specimens tested recording the
mean value as given in 4.2.8.1.

4.2.8.3 If required calculate the initial dry density
(pa, in.Mg/m?) of the specimens from the equation:

pg =0.0296m, /(100 + wy )
where
my is the mass of the specimen immediately after
preparation (in g);
wi is the initial maisture content of the stabilized
material (in %). '
Record values of dry density to the nearest 0.01 Mg/m?
and of moisture content to two significant figures.

4.2.8.4 If required calculate the dry density
{04, in Mg/m?} of the specimen as tested from the
equation: .

Pa = 0.0296 (m; - m3 +ma) /(100 + w,)
where
mg is the mass of specimen immediately after
preparation {in g);
m3 s the mass of specimen-+ tin before cUring (in g);
my is the mass of specimen + tin after curing (in g).

NOTE. The equations in 4.2.8.3 and 4,2.8.4 are applicable only
to specimens which have been cured in tins. If other methods of
curing were used the equations need to be adjusted to take
account of this,

’

4.2.9 Test report

The test report shall affirm that the compressive strength
was determined in accordance with 4,2 of BS 1924 ;

Part 2 : 1990 and whether or not a certificate of sampling
is available. If available a copy of the certificate of
sampling shall be provided. The test report shall contain
the following additional information:

(a) sample identification;
(b) the mean compressive strength of the set of

specimens, together with the results for the individual
specimens;
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(¢) the moisture content and dry density at which the
specimens were prepared and/or the moisture content
and dry density at which they were tested;

{d) the age at which the specimens were tested;
(e) the size and shape of the test spacimens.

4.3 Determination of the effect of
immersion in water on the compressive
strength

4.3.1 Principle

Two identical sets of specimens are prepared both of
which are-cured in the normal manner at constant moisture
content for 7 days. At the end of the 7 day period one set
is immersed in water for 7 days whiist the other set
continues to cure at constant moisture content. When both
sets are 14 days old they are crushed and the strength of
the set immersed in water as a percentage of the strength
of the set cured at constant moisture content is

calculated. This index A; is 4 measure of the resistance to
the effect of water on strength.

NOTE. The test is not usually epplied to specimens prepared from
washed and graded aggregates as the processing will usually have
removed harmful components. Moreover as specimens from such

materials are usually cured under water any loss of strength due
to immersion is automatically taken into account.

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method,

4.3.2 Apparatus
4.3.2,1 Apparatus, as described in 4.1 or 4.2,

4.3.2.2 A watertight tank, preferably with a lid, in which
several test specimens may be stored immersed in water
with their top surface 26 mm below the surface of the
water.

4,3.3 Preparation of specimens

Prepare two sets of specimens at the same time, if possible
from the same mix (see note) with a minimum of three
specimens in each set. Prepare the specimens by one of
the methods given in 4.1 or 4.2 for the determination of
compressive strength and allow to cure as specified for

7 days. Do not cure the specimens under water.

NOTE. If it is not practicable to prepare all the specimens from

one mix, prepare at |least two specimens from each separate mix
and allocate one of each to the two independent sets.

4.3.4 Test procedure

4.3.4.1 After curing for 7 days determine the mass (m4),
to the nearest 1 g, of each specimen in one set of
specimens. Discard any specimen that has lost more than
4 g in the case of cylindrical specimens of fine-grained
material, 10 g in the case of cylindrical specimens of
medium-grained material and 25 g in the case of cubes,
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and prepare fresh specimens if necessary. Remove the wax
from the specimens or take out of the curing tins,
whichever applies, taking care not to damage the
specimens.

4.3.4.2 Totally immerse the set of specimens in water,

in a tank, in such a way that the upper surfaces of the
specimens are at least 256 mm below the surface of the
water. Keep the specimens in this condition at a tempera-
ture of 20 £ 2 °C (see note 3 to 4.1.6) for a further 7 days.
At the end of this period remove them from the water
and dry the surfaces with blotting or other similar absor-
bent paper. For cylindrical specimens measure and record
the length (L) of each to the nearest 0.1 mm with the
calipers, determine its mass {ms) and treat as described

in 4.3.4.4. Note the appearance of the specimens and
record whether any show signs of cracking or volume
expansion.

4.3.4.3 After curing for 14 days determine the mass (ms),
to the nearest 1 g, of each specimen in the second set of
specimens. Discard any specimen that has lost more than
4 g in the case of cylindrical specimens of fine-grained
material, 10 g in the case of cylindrical specimens of
medium-grained material and 25 g in the case of cubes,
and prepare fresh specimens if necessary. Remove the wax
from the specimens or take out of the curing tins,
whichever applies, taking care not to damage the speci-
mens. For cylindrical specimens measure and record the
Jength (L) to the nearest 0.1 mm with the calipers. Treat
as described in 4:3.4.4.

4.3.4.4 Determine the compressive strength of the two
sets of specimens by the procedures described in 4.1 or 4.2,
Note the maximum forces in newtons exerted by the
machine during the tests and record as p; and p,, for the
immersed and control specimens respectively.

4.3.45 Take representative samples of fragments of the
specimens immediately after crushing and determine the
moisture contents w; or w by the procedure described
in 1.3.3.

4.3,5 Calculations and expression of results

NOTE. A typical data and calcutation form for the determination
of the effect of immersion in water on compressive strength is
given in form M of appendix A.

4.3.5.1 Calculate the mean compressive strengths (P
and P, respectively, in MPa) of the two sets of specimens
by the procedures given in 4.1.8 or 4.2.8.

4.3.6.2 Calculate the resistance to loss in strength (R;)
as a percentage from the equation: :

R| = 100P|/Pc
where

Py is the mean compressive strength of the immersed
specimens (in MPa); '

P is the mean compressive strength of the control
specimens {in MPa).

4.3.5.3 Report the result to the nearest percent.
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4.3.5.4 .Calculate the original dry density {pg. in Mg/m?3)
of the immersed specimens from the approprlate equation
as follows:. .
(a) for fine-grained materials (100 mm X 50 mm
cylinders):
Pa = 50.92ms/L (100 + wy);
(b) for medium-grained materials (200 mm % 100 mm
cylinders):
Pa = 12.73ms /L (100 + wy);
{c) for fine, medium and coarse-grained materials
{150 mm cubes);
' Pq = 0.0296/m5/ (100 + wy);
where
ms Is the mass of the specimen after immersion {in g);
L s the length of cylindrical specimen (in mm);

w; is the moisture content of the stabilized material
after immersion (in %).

4.3.6.5 Calculate the dry density of the control
specimens from the appropriate equation given in 4.1.8
or 4,2.8.

4.3.6 Test report
The test report shall affirm that the effect of immersion
in water on the compressive strength was determined in
accordance with 4.3 of BS 1924 : Part 2 : 1990 and
whether or not a certificate of sampling is available.
If available a copy of the certificate of sampling shall be
provided. The test report shall contain the following
additional information:
(a) sample identification;
(b) the resistance to loss in strength (R;) and the
individual results for the compressive strength of both
sets of specimens;
(¢} the moisture content and the dry density at which
the specimens were prepared and/or the moisture.
content at which they were tested;
(d) the size and shape of the test specimens;
{e) whether or not the set of specimens soaked in
water exhibited any signs of cracking or volume
expansion.

4.4 Determination of the tensile splitting
strength

NOTE. This method is based on that given in BS 1881 : Part 117,
which recommends that either 160 mm X 150 mm cylindrnical
spacimens or 160 mm cubi¢ specimens should be used.

The method included in this clause relates only to cubic
specimens, as suitable moulds of sufficient strength for preparing
150 mm X 150 mm cylindrical specimens by the compaction
methads specifiad in this standard afe not commercially available.

PART*2 90 M@ lbk24kb9 0210247 1 HE

4.4.1 Principle

Cubic specimens of stabilized material are placed in a

rig and compressed in such a way that they split into two
halves (see figure 23(a)). The force required to split the
cubes is a function of the tensile strength of the material.

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

4.4.2 Apparatus

NOTE. Either apparatus A (which may also be used for cylindrical
specimens tested in accordance with BS 1881) or apparatus B
should be used.

4.4.2,1 Components of apparatus A and B

4.4.2.1.1 Compression testing machine, complying with
BS 1881 : Part 115.

4.4.2.1.2 Jig. The jig and/or the machine shall have a-
device to position the jig correctly on the lower platen,
with the specimen central.

NOTE. Suitab!e jigs are shown in figures 23(a) and 23(b).

4.4.2.2 Additional components of apparatus A

4.4.2,2.1 Packing strips. Use hardboard packing strips
between the specimen and jigs or steel loading pieces.
Packing strips shall be:oil-tempered grade hardboard
complying with BS 1142 and shall be used only once.

They shall have the following dimensions (see figure 23(a}):

(a) width: g=15+*2mm;"
(b) thickness: t=4%1mm;
(c) length: greater than the length of line of

contact of the test specimen.

4.4.2.2.2 Steel loading pieces. Place a steel loading piece
between the platen of the machine and the hardboard
packing strip. This piece shall not be shorter than the

specimen. For cubic specimens it shall be a section of a

cylinder, with a radius of 756 mm, so that the load is
applied along a line on the surface of the specimen (see
figure 23). This loading piece can be incorporated within
the jig. The tolerances on the dimensions shall be as
specified in 4.4.2.4.

4.4.2,3 Additional components of apparatus B

4.4,2.3.1 Steel loading pieces. Steel loading pieces shall
be auxiliary platéns incorporating steel strips with the
following dimensions (see figure 23(b)):
(a) width: a=6*1mm (for 150 mm size
specimens);

t=4%x1mm;

not less than the length of line of
contact with the test specimen.

The tolerances shall be as specified in 4.4.2.4.

(b} thickness:
(c) length:
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4.4.2.4 Tolerances. The steel loading pieces specified

in 4.4.2,.2.2 and 4.4.2.3.1 shall have the flatness,
parallelism and surface requirements along the length of
the strips within the tolerances for auxiliary platens
given in BS 1881 : Part 115. The steel loading pieces shall
be replaced when the dimensions are out of tolerance or
when they are seriously damaged or pitted along the
contact face.

4.4.3 Preparation of the test specimens

4.4.3.1 Prepare the test specimens and allow them to:gure
for the required period by one or other of the methods
described in 4.2,

4.4.3.2 After curing check the mass of the specimens as
described in 4.2.7.1.

4.4.4 Splitting procedure

4.4.4.1 Preparation for testing. Wipe clean the bearing
surfaces of the testing machine, the steel loading pieces
and the packing strips; remove any loose material from
the surfaces of the test specimen which are to be in
contact with the packing strips,

4.4,4.2 Positioning of the test specimen (see figure 23).
Place the test specimen in the centring jig with the pack-
ing strips and/or loading pieces carefully positioned along
the top and bottom of the plane of loading of the
specimen. Then place the jig in the machine so that the
specimen is located centrally. In the case of prismatic and -
cubic specimens, the load shall be applied on the moulded
faces in such a way that the fracture plane will cross the
trowelled surface (see figure 24} ’

4.4.4.3 Loading. Without shock, apply and increase the
compressive force continuously at a nominal rate within
the range 0.02 N/{mm? - 5) to 0.04 N/{mm?+s). Maintain
the rate, once adjusted, until failure, On manually
controlled machines as failure is approached the loading -
rate will decrease; at this stage operate the controls to
maintain as far as is possible the specified loading rate.
Record the maximum force applied to the specimen.

The rate of increase of load (in N/s) may be calculated
from the formula:

(0.02 to0 0.04) 1.5671/d

4.4.5 Calculations and expression of results
4.4.5.1 Calculate the tensile splitting strength {0, in Pa)
fror the formula:
o=2F[nld
where
F Is the maximum load {in N);

{ is the length of specimen as shown in figure 24
{in mm);

d is the cross-sectional dimension of the specimen as
shown on figure 24 (in mm).

4.4.5.2 Express the tensile splitting strength to the
nearest 0.05 Pa.
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4.4.6 Test report

The test report shall affirm that the tensile splitting
strength was determined in accordance with 4.4 of
"BS 1924 : Part 2 ; 1990 and whether or not a certificate
of sampling is available. If available a copy of the
certificate of sampling shall be provided. The report
shall contain the following additional information:
(a) sample identification; ’
(b} the mean tensile splitting strength of the set of
spacimens together with the results for the individual
specimens;
{c} the moisture content and dry density at which the
specimens were prepared and/or the moisture content
and dry density at which they were tested;

(d) the age at which the specimens were tested;
{e) conditions of curing and storage.

4.5 Laboratory determination of the
California Bearing Ratio

NOTE. This test was included in previous editions of the standard
under the title of Bearing Ratio. As this has causad some confusion
and as the test method is virtually identical to the California
Bearing Ratio (CBR) test described in BS 1377 : Part 4, it is now
included in this edition under the latter name.

4.6.1 Principle

The California Bearing Ratio (CBR) of a compacted
specimen of stabilized material is obtained by measuring the
forces required to cause a cylindrical plunger of a specified
size to penetrate the specimen at a specified rate. From the
test results an arbitrary coefficient, the CBR, is calculated.
This is done by expressing the forces on the plunger for a
given penetration as a percentage of a standard force.
Because of the restriction of the diameter of the mould
and of the plunger, the test is only appropriate to that
part of the material up to a maximum particle size of

20 mm (see note to 4.5.4.1).

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

4.5.2 Apparatus

4.5.2.1 A balance, of 25 kg minimum capacity, readable
tobg.

4.5.2.2 5 mm and 20 mm test sieves.

4.5.2.3 A steel rod, 15 mm to 20 mm in diameter and
approximately 400 mm long.

4.6.2.4 Apparatus for the determination of moisture
content by the oven-drying method described in 1.3.3.

45.2.8 A cylindrical metal moufd (CBR mould), having
an internal diameter of 152 * 0.6 mm and an internal
effective height of 127 £ 1 mm, with detachable baseplate
and top plate and an extension collar for attachment to
the top of the mould during compaction of a specimen.
An alternative perfarated baseplate shall be used for
-soaked specimens. Internal faces shall be clean and dry
before use. . :
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NOTE. A typical mould and collar is shown in. figure 26.

4.6.2.6 Three metal plugs, 160 * 0.5 mm in diameter
and 60 £ 1.0 mm thick, for static compaction of a -
specimen. )
NOTE. A handle which may be screwed into the plugs facilitates

removal after compaction. A suitable form of plug and handle is
shown in figure 26,

4.5.2.7 A cylindrical metal plunger, the flat lower end of
which shall be of hardened steel with a hominal circular
area of 1935 mm? corresponding to a specified diameter
of 49,65 £ 0.1 mm.

NOTE. A convenient size is approximately 260 mm long {see
figure 27).

4.5.2.8 A machine for producing a steady penetration of
the plunger into the material under test and measuring
the reaction to penetration. The machine shall be capable
of producing a rate of penetration of the plunger of

1 mm/min to within £ 0.2 mm/min. The load measuring
system shall comply with grade 2.0 of BS 1610, At least
two force ranges shall be prowded i.e. 0:5 kN to 10 kN
and 2.5 kN to 50 kN.

NOTE. I hydraulic jecking is used to produce penetration the
pump should be multi-pistoned to produce steady motion. Single
piston, hand-operated pumps should not be used as the resultant
motion is a series of pulses.

4.5.2,.9 A means of measuring the penetration of the
plunger into the specimen to within 0.01 mm.
NOTE. A dial gauge with 25 mm travel, reading to 0 01 mm and

fitted to a bracket attached to the plunger is suitable. A general
arrangement is shown_m figure 27.

A dial gauge indicating 1 mm/rev is convenient since the specified
rate of penetration of 1 mm/min can be maintained by keeping

the hand. of the dial gauge in step with the second hand of & watch,

4.5.2,10 A metal rammer, either the 2.5 kg rammer as
specified in 2.1.3.2.3 or the 4.5 kg rammer as specified
in 2.1.4.3.1 depending on the degree of compactlon
required.

NOTE. A mechanical compacting apparatus may be used provided
it complies with the requirements of 2,1.3.2.3 or 2.1.4.3.1.

4.5.2.11 An electric vibrating hammer, as specified ‘
in 2,1.6.3.2.

4.6,2.12 A compression machine for static compaction,
of 300 kN maximum force, with horizontal platens not
less than 200 mm square and capable of separatlon of not
less than 300 mm. .

4.5.2.13 A 'stopwatch 'or‘sfopclock readable to 1 s,

45,214 A steel straightedge, e.g. 300 mm x 25 mm
X 3 mm thick with one bevelled edge. :

45215 A palette knife, havmg a steel blade approxl-
mately 100 mm x 20 mm:: - 2

45216 A means of measuring the vertical movement of
the top of the specimens during soaking (see flgl_.lre 28).

;Whatman No. 1 filter papers are suitable.

4.5.2.17 Filter papers®, 150 mm in diameter.

4.5.3 Materials

4.5.3.1 Paraffin wax, or other suitable wax, or petroleum
jelly.
4.5.3.2 Dry fine sand.

454 Preparation of test specimens

4.5.4.1 General. Carry out the test on material passing
the 20 mm test sieve (see note). Choose the moisture
content and the stabilizer content and the state of com-
paction to reproduce as closely as possible the conditions
likely to apply in the pavement. Use one of the alternative
methods for compacting the specimens speclfned
in4.5.4.2 or 45.4.3.

NOTE. If the test is to be made on samples containing particles
larger than 20 mm, the fraction retained on the 20 mm sieve
should be removed and replaced with a similar fraction of 20 mm
to B mm material from the main sample. If the amount retained
on the 20 mm sieve exceeds 26 % the material is too coarse to be
tested. The samples may be compactad statically (4.5.4.2) or
dynamically (4.5.4.3).

4.5.4.2 Static compaction
4.5.4.2.1 General. Static compaction shall be either by
method 1 or by method 2.

Calculate the mass {my, in g) of stabilized material
required for one specimen from the equation:

my = 23.06p4 (100 + w)

where
w is the moisture content of the stabilized material
{in %);
pgq is the dry density of the stabilized material
" in Mg/m ).

4.5.4.2,2 Method 1. Assemble the mould with its collar
and baseplate, the latter covered by filter paper. Pour the
weighed material slowly into the mould, whilst tamping
continuously with the steel rod. The amount of tamping
shall be such that when all the material has been added,
the level is about 5 mm to 10 mm above the top of the
mould. After tamping place a filter paper on the top of .
the soil followed by a 50 mm thick plug and compress

~ the specimen in the compression testing machine until

the top of the plug is flush with the top of the collar,
Hold the force constant for at least 30 s and then release.
NOTE. After compaction remove tha plug and filter paper
together with the collar, and cure the specimen as described

in 4.6.5.

4.5.4.2.3 Method 2. Assemble the mould as in method 1.
Divide the required quantity of material into three equal
parts each sealed in a container to prevent loss of

-moisture. Pour one-third of the stabilized material into

the mould. Then fit three plugs, with their handles
removed, and compress the material using the compression
machine until the thickness of the material, after removal
of the force, is.one-third of the depth- of the mould.
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Add the second and third layers in a similar manner to

" the first. In the last operation use one plug only and push
it until the top surface is level with the top of the collar.
Cure the specimen as described in 4.5.5.

4.5.4.3 Dynamic compaction

4.5.4.3.1 General. Three procedures using dynamic
compaction are in use. The first two are used where a
required density is to be obtained by a process of dynamic
or vibrational compaction (as an alternative to the static
compaction methods given in 4.5.4.2 where a compression
machine is not avallable). The third is used where a given
amount of compactive effort is to be applied to the
stabilized material as in the compaction tests described

in section two. Carry out dynamic compaction by one of
the methods described in 4.5.4.3.2 t0 4.5.4.3.4.

4.5.4.3.2 Method 1. Assemble the mould with its base-
plate, weigh to the nearest 5 g and record the mass (m3).
Fit the collar and place a filter paper in the bottom.
Calculate and prepare the mass of stabilized material
necessary to give the required density as for the static
compaction procedure in 4.6.4.2. Divide this quantity into
five equal parts by mass, each sealed in a container to
prevent loss of moisture by evaporation. Then compact
the stabilized material into the mould with the collar
attached, in five equal layers using either the 2.6 kg rammer
or the 4.5 kg rammer. Give each layer sufficient blows
distributed evenly over the surface to ensure that the
layer after compaction occupies approximately one-fifth
of the height of the mould. When compacted in this
manner the final level of the stabilized material shall be
just above the mould; Remove the collar and trim the
material flush with the top of the mould using a palette
khife and check with a steel straightedge. Determine the
mass (m3) of the mould with the baseplate attached and
containing the specimen to the nearest 5 g.

NOTE. Preliminary tests may be required in which adjustments

have to be made to the number of blows needed to fill the mould
10 the top with the calculated mass of material.

Cure the compacted specimen as described in 4.5.5.

4.5.4.3.3 Method 2. Prepare the mould and the stabilized
material as described in method 2 under static compac-
tion {4.5.4.2.3). Pour one-third of the material into the
mould and compact with a vibrating hammer as specified
In the vibrating hammer compaction test (2.1.6). Continue
vibrational compaction until the thickness of the layer is
equal to one-third of the depth of the mould. Add the
second and third layers and compact in the same manner
0 that the final surface of the stabilized material-is level
with the top of the mould. Weigh the mould with base-
plate and record its mass {m3). Cure the specimen as
described in 4.5.5.
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4.5.4.3.4 Method 3. Prepare and weigh the mould with
its baseplate as in method 1. Fit the collar and placea
filter paper in the bottom. Prepare approximately 6 kg of
the stabilized material at the required moisture content.
Use either of two levels of compaction; the first employs
the 2.6 kg rammer and the second the 4.5 kg rammer.

If the 2.5 kg rammer is used, place enough material in the
mould, with the collar attached, so that after 62 blows of
the rammer spread uniformly over the surface of the
material under test, the surface level is one-third of the
distance up the mould or slightly above this level. Using
in each case the same mass of stabilized material, add two
further layers and compact in the same manner so that the
final level is fess than 6 mm above the top of the mould.
NOTE 1, Preliminary trials may be necessary to judge the amount
of material required for each layer.

Remove the collar and trim any excess material flush with
the top of the mould using a palette knife and check With
the steel straightedge. Weigh and record the combined
mass {m3) of the mould, baseplate and compacted material
to- the nearest 5 g. For the higher level of compaction use
the same procedure except that 62 blaws of the 4.6 kg
rammer shall be employed and the stabilized material
placed and compacted in five equal layers (see note 2),
Cure the specimen as described in 4.5.5.

NOTE 2. In certain circumstances an intermediate density may be
required between that given by the 2.6 kg rammer and the 4.6 kg
rammer used in the manner specified. This can be obtained for
example by using an intermediate compactive effort, such as.

compacting the specimen in five equal. layers and giving each
layer 30 blows of a 4.5 kg rammer falling through 460 mm.

4.5.5 Curing

After compaction store the specimen for a period,

the length of which will depend upon the process and the
type of stabilizer employed. Normally, the specimen is
Kept at constant moisture content during this period;

this may be achieved by coating the ends of the specimen
with wax, or placing the end caps on the mould and sealing
them with petroleum jelly. Keep the specimens at

20+ 2 °C (see note 1) and record the average temperature
and duration of storage. If it is required to soak the
specimen, expose the two ends and attach a perforated
baseplate separated from the specimen by a filter paper.
Screw a collar to the top and seal the joint with petroleum
jelly. Place the specimen in a bath.of water and keep the
water level just below the top of the collar. Observe the
time taken for the water to reach the top of the specimen
and, if this has not occurred within 3 days, flood the top
of the specimen.and leave it to complete its normal soaking

. period. The normal soaking period is 7 days (see note 2}

and the bath shall be kept at a temperature of 20 £ 2 °c
(see note 1). If during soaking, measurement of any swall
that has occurred is required, place a filter paper and
perforated plate on top of the specimen and suitably
mount a dial gauge, reading to 0.01 mm (see figure 28),”
to follow any movement of the surface. When soaking is
completed remove the specimen from the bath and allow
to drain for 156 min. Replace the baseplate, remove the
collar and perforated plates, weigh to the nearest 5 g and
record the mass of the assembly (m4).
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NOTE 1. The curing temperature of 20 + 2 °C applies in temperate
climates. For areas with a tropical or subtropical climate, a curing
temperature of 27 £ 2 °C is more appropriate.

NOTE 2. A procedure commonly followed in tropical and sub-
tropical countries with cement-stabilized material is to cure the
specimen after manufacture for 3 days followed by soaking for
4 days.

4.5.6 Test procedure

4.5.6.1 Before testing:'remove the end-caps or the
protective wax and filter paper sealing the specimen. If the
specimen has been soaked, remove the perforated top plate
and filter paper. Place the mould, containing the specimen,
with baseplate in position but with the top face exposed,
on the lower platen of the testing machine. Seat the
plunger under a force of 60 N for a CBR value of up to

30 % or 250 N for a CBR value of 30 % to 300 %. Allow
the plunger to penetrate the specimen at a uniform rate

of 1 mm/min, Take readings of the force at intervals of
penetration of 0.256 mm to a total penetration not exceed-
ing 7.5 mm.

4.5.6.2 Ralise the plunger and remove any material
projecting over the top of the mould. Fill any depressions
left by the plunger completely with dry fine sand and
trim up the face of the specimen by a further pass of a

palette knife and check with the straightedge. Then secure

the second baseplate to the upper end of the mould.

4.5.6.3 Invert the spec;imen and remeve the baseplate
from the untested end of the mould. Repeat the procedure
described in 4.6.6.1 on this end of the specimen.

4.5.6.4 After the penetration tests have been completed
remove the specimen from the mould. Break it up and
take a representative sample of the stabilized material for
the determination of its moisture content by the method
described in 1.3.3. Do not include the dry sand, used in
the end first tested, in the moisture content sample.

4.5.7 Calculations and expression of results )

NOTE. A typical data and calculation form for the détermination
of the CBR value is givan in forrm N of appendix A.

4.5.7.1 Force/penetration curve, Plot a graph showing
force on the specimen against penetration and draw a
smooth curve through the plotted points. If the initial
portion of the curve is concave upwards {which may be
due to surface irregularities) a correction should.be made
by drawing a tangent to the curve at the point of the
greatest slope. Take the intersection of this tangent and
the penetration axis as the new origin, The corrected
force/penetration curve to be used in the calculations is
this tangent from where it cuts the penetration abscissa to
its point of contact with the curve and thence the curve
itself. To use this corrected curve either:

(a) transpose the co-ordinates to the right so that the
tangent passes through their origin; or

{b) transpose the corrected curve to the left so that the
new and original origin coincides as shown-in figure 29.
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NOTE. The CBR tast should not be taken beyond a penetration
of 7.6 mm. If penetrations greater than 7.6 mm would be required
to obtain a corrected value for 5 mm penetration, then the
corraction should be made from 7.6 mm. When both ends of the
spacimen are tested it is preferable to use the minimum penetra-
tion which will give an accurate CBR value. If the operator plots
the force penetration curve as the test is being carried out the test
can be terminated when the indicated CBR falls below its
maximum value. Thus if the CBR at 2.6 mm was seen to be 6 %
but by 3.6 mm penetration it was seen to have fallen below this
value the test could be stopped and the result reported as follows:

2.5 mm penetration 6 %;
6.0 mm penetration < 6 %.

4.5.7.2 Calculation of CBR. CBR curves are given in the
force/penetration diagram shown in figure 29. The standard
forces for 100 % CBR are as given in table 2. -

Table 2. Standard forces for 100 % CBR
Force Penetration

kN _mm

11.6 2

17.6 4

22.2 6

26.3 8

30.3 10

33.5 12

Calculate CBR at penetrations of 2.6 mm and 5 mm and

" take the higher value.

4.5.7.3 Calculation of dry density (unsoaked specimens)

4.5.7.3.1 Calculate the bulk density (p, in Mg/m®) of the
specimens compacted by static or vibratory compaction
from the equation:

p=m, /2305
where

my is the mass of material compacted in the mould
{in g).

4,5.7.3.2 Calculate the bulk density (p, in Mg/m?) of
dynamically compacted specimens frem the equation:

p = (m3 - m;)/2306
where

m, is the mass of the mould (in g);

m3 is the mass 0f compacted material and mould (in g).
4.5.7.3.3 Calculate the dry density (pq4, in Mg/m®) of the
specimens from the equation:

Pq =100p/(100 + w)
where ‘

w is the moisture content of the stabilized material
(in 9%).
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4.5.7.4 Calculation of the original dry density (soaked
specimens). Calculate the original dry density {p4) of the
specimens from the equation:
pq =0.0434 (ma — my) /(100 + wy)
where ' ;
Mg is the mass of specimen plus mould after soaking
{in g);
w; is the moisture content of the specimen after
soaking (in %).

4.5.7.5 Reporting CBR values. Report CBR values in
accordance with table 3.

Table 3. CBR values
CBR range Nearast %
0- 9 0.5
10— 29 1
30— 99 B
100 — 300 10
300+ report as > 300

NOTE. Normally the results from the top and the bottam should
be reported separately.

4.5.8 Test report

The test report shall affirm that the California Bearing
Ratio was determined in accordance with 4.5 of BS 1924 :
Part 2 : 1990 and whether or not a certificate of sampling
is available. If available a copy of the certificate of sampl-
ing shall be provided. The report shall contain the follow-
ing additional information:

(a) sample identification;

(b} the CBR values obtained on the top and bottom of

the specimens;

(c) the method of compaction;

{d} the moisture content and dry density at which the

specimens were prepared and/or the moisture content

and dry density at which they were tested;

(e) the age at which the specimens were tested and,

where applicable, the period of soaking;

(f} conditions of curing and storage;

(g) the amount of swell during soaking (if measured).

4.6 Determination of the in-situ California
Bearing ratio

Since the method for measuring the in-situ CBR of a
stabilized layer of material is the same as the method for
testing soils in-situ, follow the method described in

BS 1377 : Part 9.
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4.7 Determination of the vertical
deformation characteristics by the plate
loading test

Since the method for measuring the plate bearing value
of a stabilized layer of material is the same as the method
for testing soils in-situ, follow the method described in
BS 1377 : Part 7.

4.8 Determination of the frost-heave

4.8.1 General

The description of the frost-heave test is lengthy and has
not been included in this Part of BS 1924 because the test
is described fully in BS 812 : Part 124. This section there-
fore contains only the information that is necessary to
prepare specimens of stabilized material so that they can
be tested by the procedure given in BS 812 : Part 124.
NOTE. Stabilized materials with high compressive strengths

(in excess of 2.6 MN/m?2 at the time of test) will aimost invariably
have frost-heave values that are well within acceptable limits. It is
therefore not necessary to use the test.on such materials. However,
relatively small proportions of cement are sometimes used to
sreduce frost-heave rather than to impart high strength and a test

is therefore required to determine the effect of the addition of

the stabilizer on the frost-heave of the stabilized material. The test
is also required in the case of lime-stabllized cohesive materials
when lime has been added to decrease the plasticity, as the decrease
of plasticity may be accompanied by an increase in susceptibility
to frost.

4.8.2 Sampling

4.8.2.1 The sample received at the laboratory shall be
taken in accordance with 5.3 of BS 1924 : Part 1 : 1990,

4.8.2.2 Reduce the laboratory sample by the procedures
déscribed in 5.4 of BS 1924 : Part 1 : 1990 to produce
the following test portions:

(a) at least 12 test portions each with approximate
mass of 2.5 kg, for carrying out a determination of the
moisture content/density relation by the method
given in 2.1.5 or 2.1.6 (see note to 4.8.3);

{b) one test portion with a minimum mass of 50 kg,
far the main frost-heave test pracedure.

4.8.3 Selection of moisture content and density

Determine the relation between the dry density and
moisture content of the stabilized material by the procedure
given in 2.1.5 {(or by the alternative procedure given

.in 2.1.6) (see note). Use the values of maximum dry

density and optimum moisture content obtained for this
test as the values to be used in the first instance for the
preparation of the frost-heave test specimens.

NOTE. For fine-grained cohesive materials the compaction test
procedure given in 2.1.3 shall be used to determine the moisture
content and density at which to prepare the frost-heave test
specimens,
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. 4.8.4 Praparation of frost-heave test specimens -

4.8.4.1 Subdivide the test portion obtained as described’
in 4.8.2.2(b) by riffling until a representative test sample
of mass about 15 kg is obtained. Set aside the remainder
of the test portion in case it is needed for repeat tests and
use the 15 kg test sample to prepare a set of three
specimens as described in clause 9 of BS 812 : Part 124 :
1989. In preparing the mixes follow the procedure given
in 6.3 of BS 1924 : Part 1 : 1990 for the addition of water
and stabilizer.

4.8.4.2 After extruding the test specimens as described

in 9.3.2 of BS 812 : Part 124 do not foliow the procedure .

described in 9.3.3 of BS 812 : Part 124 but allow the
spacimen to cure as described in 4.8.5.-

4.8.5 Curing the test specimen

NOTE. Specimens may be cured either by the method given
in 4.8.5.1 and 4.8.6.2 or by that given in 4.8.5.3.

4.8.5.1 After the specimens-have been removed from the
moulds allow them to cure for a sufficient time for-
strength to develop (see note 1). During the curing period
it is essential that the specimens do not lose any water.
Follow the procedure given in 9.3.2 of BS 812 : Part 124 :
1989 for the extrusion of the specimens from the moulds
{see notes 2 and 3). Then follow the procedure for comple-
tion given in 9.3.3 of BS 812 : Part 124 : 1989 but do not
\oad the specimen assemblies into the self-refrigerated unit
{SRU) unless the SRU will be available for the duration

of the test.

4,8.6.2 Place the specimen assemblies in a sealed
container or containers so that the porous discs at the
bottom of the specimens are in contact with water and
stora the specimens in ghe container at a constant
temperature of 20 £ 2.7C until required for test. During
the curing period examine the containers periodically and
add further water, if necessary, to ensure that the porous’
discs remain in.contact with water. .

NOTE 1. In the case of frost-heave tests on stabilized materials
the stabilizer should be allowed to take effact before the test is
carried out. In practice several months, if not years, will usually
slapse between the addition of the stabilizer and any exposure
to freezing conditions. Laboratory tests will therefore tend to
give a pessimistic impression of the frost susceptibility of
stabilized materials becduse the curing period will be so much
less than that likely to occur in practice. As a compromise
between speed of testing and aliowing the stabilizer to take

full effect it is suggested that cement-stabilized specimens should
be allowed to cure for a minimum of 7 days and lime-stabilized
specimens for a minimum of 28 days.

NOTE 2. In the case of non-cohesive materials it may be advan-
tageous to allow specimens to harden in their moulds for 24 h
before attempting to extrude them.

4.8.5.3 Coat the specimens completely with paraffin wax
to maintain them at their specified moisture content.
Take care not to leave holes in the wax film and to
complete the coating as quickly as possible to prevent
absorption of the wax. After coating with wax, weigh each
specimen, record its mass (my) and store at a constant
temperature of 20 + 2 °C. To simplify the removal from a
specimen the wax should be used as cool as possible. If it
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is not possible to coat the specimens with wax wrap each
one carefully in thin plastics sheeting and transfer them to
sealed airtight plastics bags (or othér suitable containers)
of a size just sufficient to hold an individual specimen.

In the case of stabilized specimens prepared from washed
and graded aggregates free from fines it is acceptable to
cure them by allowing them to harden in their moulds
for 24 h and then to store them totally immersed in
water at 20 £ 2 °C until required.

At the end of the curing period weigh each specimen and
record its mass {m ). Reject any specimen that has lost -
more than 16 g in mass. Carefully remove the wax (or
plastics sheeting) from the specimens taking particular
care that all traces of wax are removed from the ends of
the test specimens. Then follow the procedure described
in 9.3.3 of BS 812 : Part 124 : 1989.

4.8.6 Procedure for the determination of frost-heave

After curing carry out the frost-heave test in accordance
with clauses 10 and 11 of BS 812 : Part 124 : 1989.

4.8.7 Test report

Report all the information required in clause 13 of
BS 812 : Part 124 : 1989 together with the following
additional information:

(a) the stabilizing agent used;

(b) the stabilizer content;

(c) conditions of curing and storage;

{d) age at which the specimens were tested.
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5.1 Determination of the cement content
of cement-stabilized materials

NOTE. The analytical procedure of this test is the same in principle
to the procedure described in previous editions of BS 1924 but it
has been modified to bring the method into line with the analogous
method given for the determination of the cement content of
hardened concrete given in BS 1881 : Part 124. The method is not-
applicable to materials containing a large or variable amount of
calcium or to materials stabilized with both lime and cement.

5.1.1 Principle

The cement content of the stabilized material is obtained
by comparing the calcium contents of the stabilized
material, the material in an unstabilized condition and the
cement used. It is therefore essential that samples of each
of these should be available.

NOTE. Certain assumptions can be made about the calcium content
of cemant and this allows an approximate cement content to be
calculated even when no sample of the cement is available (see note
to 5.1.7.2).

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

5.1.2 Apparatus

NOTE. The apparatus given is sufficient to enable two test portions
each of the natural material, the stabilized material and the cement
to be analysed. Where several analyses are to be mede it is
convenient to have one beaker, one flask, etc., for each determina-
tion. Items such &s sieves and riffles need not be multiplied.

6.1.2.1 A temperature-controlled oven, capable of
maintaining a temperature of 105 £ 5 °C,

5.1.2.2 A temperature-controlled oven, capable of
maintaining a temperature in the range 150 °C to 200 °C.

5124 A balanbe, of 100 g minimum capacity, readable
to1lg.

5.1.2.4 A balance, of 100 g minimum capacity, readable
10 0.0001 g.

5.1.2.5 A desiccator, conta'ining anhydrous silica gel.

B.1.2.6 Test sfeves, with receivers as follows: 14 mm,
6.3 mm, 2 mm and 425 pm.

5.1.2.7 Twelve 500 mL and four 250 mL volumetric
flasks, complying with grade B of BS 1792.

5.1.2.8 Graduated measuring cylinders, grade B to
BS 1797, as follows: one 10 mL, one 25 mL, one 100 mL
and one 1000 mL.

5.1.2,9 Six glass weighing bottles, approximately 50 mm
high and 256 mm in diameter, fitted with ground-glass
stappers.

5.1.2.10 Crushing and grinding equipment.

NOTE. Jaw crushers, hammer mills, disc grinders, gyratory mills
and mechanical or hand-operated maortars and pestles are among
the types that have proved to be satisfactory.

*Whatman No. 54 filter papers are suitable.
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5.1.2.11 A wash bottle, containing distilled water or
water of equivalent quality to that specifled in 4.3.1 of
BS 1924 : Part 1 : 1990,

6.1.2,12 Six glass funnels, approximately 76 mm in‘
diameter.

5.1.2.13 Hardened filter papers®, to fit the funnels.

5.1.2.14 One 50 mL and two 25 mL burettes, complying
with grade B of BS 1797.

5.1.2.15 One 25 mL and two 50 mL pipettes, complying
with grade B of BS 1797,

5.1.2.16 Six 250 mL conical flasks.

B.1.2.17 Beakers, as follows: two 260 mL beakers and
four 400 mL beakers (preferably conical), two 600 mL
beakers and one 1000 mL beaker, with an equal number .
of glass rods and cover glasses.

5.1.2.18 An electric hot-plate or bunsen burner.
5.1.2.19 A fume cupboard.

5.1.3 Sampling

5.1.3.1 The bulk samples of the stabilized and unstabilized
materials shall be taken in accordance with the procedure
described in clause 5 of BS 1924 : Part 1 : 1990.

The sample of cement shal! be taken from the particular
batch being used for the work,

NOTE. The calcium content of the cement is far higher and less
variable than the calcium contents of the ather components.

In addition slight variations in the calcium content of the cement

have only a small effect on the calculated resuit. A 1 kg sample of
the cement will therefare be sufficient. .

5.1.3.2 Dry the bulk samples of the natural and stabilized
materials in the oven at 105 % 5 °C and allow to cool.

To facilitate sample reduction break down the larger
lumps and, if necessary, reduce by the procedures
described in 5.4 of BS 1924 : Part 1 : 1990 to produce a
mass of material that when crushed and sieved will
produce a laboratory sample of the mass given in 6.1.3.3.

5.1.3.3 Crush (see note) and sieve suitable masses of the
natural and stabilized materials to produce the following

. laboratory samples of each:

(a) for fine-grained materials: 260 g all passing a

2.0 mm test sieve;

(b) for medium-grained materials: 2.5 kg all passing

a 6.3 mm test sieve;

{c) for coarse-grained materials: 6 kg all passing a
“14 mm test sieve.

Throughout these and all subsequent operations ensure
that there is no loss of fines of any material.
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. NOTE. The pulverization of fine-grained materials should not
present any problems and may usuelly be done by hand with a
pestle and mortar. The grinding of the coarser materials by hand
is tedious and is difficult with a pestfe and mortar without losing
some of the material. For this reason mechanical pulverizers are
recommended but where the number of samples to be crushed
is small, the cost of mechanical crushers would not be justified
and crushing by hand in an iron mortar would have to be
adopted. Any mechanical means may be.employed and two-stage
crushing Is generally the most satisfactory.

5.1.4 Reagents

NOTE. Unless otherwise stated, all reagents should be of recognhized
analytical quality and distilled or water of equivalent quality
should be used throughout the analyses, Dilutions of acids and
other liquid reagents are given as {1+n) which indicates that one
volume of the concentrated reagent-is added to n volumes of water
and mixed. Filter solutions of solid reagents if the solution is not
clear. Reagents should either be prepared by the methods given in
this subclause or should be proprietary reagents of equivalent

equality.
5.1.4.1 Calcein (screened) indicator. Mix by grinding

together 0.2 g of calcein, 0.12 g of thymolphthalein and '
20 g of potassium chloride.

5.1.4.2 Calcium standard solution (approximately 1.00 g
CaO/L)}. Weigh 1.78 g to 1.79 g of pure calcium carbonate
(dried at a temperature in the range 150 °C 1t0:200 °C)

and record the mass to the nearest 0.0001 g. Dissolve ina

slight excess of hydrochloric acid (1+4), boil to expel
carbon dioxide, cool and dilute to 1 L in a volumetric
flask.
Calculate the concentration of CaD in g/L ta three
significant figures from the equation:

Concentration of CaO = mass of CaCO3/1.7848

5.1.4.3 EDTA standard solution. Dissolve 6.67 g of EDTA
{ethylenediaminetetra-acetic acid, disodium salt) in warm
water, filter if necessary, cool and dilute to 1 L. Store in

a polyethylene bottle. Standardize against the standard
‘calcium solution as follows.

Pipette 25 mL of the standard calcium solution into a
500 mL flask, add 10 mL of triethanolamine solution
{1+4) and 10 mL of sodium hydroxide solution
(200 g/L) and dilute to about 160 mL. Add about 0.15 ¢
of calcein indicator and titrate with the EDTA solution
until the fluorescent green of the indicator completes
the change to pink-purple with no residual fluorescence.

" The end-point is more easily seen if observed against a
black background. Calculate the CaO equivalent (£) of
the EDTA (in mg CaCO/mL) from the equation:

E =25h/t
where_
h is the concentration of Ca0 in the standard calcium
solution (in g/L);
t is the volume of EDTA required in the titration to
the nearest 0.06 mL (in ml,)

5.14.4 Hydrochlorlc acid, concentrated relative
density 1.18.

5.1.4.5 Hydrochloric acid, dilute (1+1), _(1 +4) and (1+9).
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6.1.4.6 Sodium hydroxide solution (200 g/L).
5.1.4.7 Triethanolamine solution (1+4).

5.1.4.8 Ammonia solution {1+4), Dilute 100 mL of
ammonia solution (relative density 0.880) to 500 mL with
distilled water.

5.1.4.9 Red litmus papers.

5.1.5 Preparation of test portions

5.1.5.1 Dry the laboratory sample of the natural and
stabilized materials, obtained as described in 5.1.3 in the
aven at 105 % 6 °C for not less than 16 h and cool,
preferably in a desiccator. Pulverize the oven-dried
samples using mechanical pulverizers or other suitable
means (see note to 5.1.3.3) so that the whole of the sample
passes a 425 pm test sieve. Subdivide each sample by
riffling on a sample divider having a width of opening of
approximately 7 mm until two test portions of each.
sample each weighing approximately 10 g are obtained.

In the case of the medium- and coarse-grained materials,
riffling may be done more conveniently on larger sample
dividers, but when the size of the sample has been reduced
to 250 g use a sample divider having a width of opening of
about 7 mm. Place the test port|ons in the glass weighing
bottles and dry at 105 °C £ 5 °C.

NOTE. The period required for drying may vary with the type of

material. The test portions can be deemed to be dry when the
differences in successive weighings of the cooled sample, carried

. out at intervals of 4 h, do not exceed 0,1 % of the original mass

of the sample. For practical purposes 16 h to 24 h is usually
sufficient.

5.1.5.2 From the bulk sample of cement obtained as
described in 5.1.3.1 produce by appropriate sample
reduction techniques, two test portions each weighing
about 1 g. Place the test portions in the glass weighing
bottles and dry at 105 °C to 110 °C.

NOTE. The test portions can be deemed to be dry when the
differences in successive weighings of the cooled sample, carried
out at intervals of 4 h, do not exceed 0.1 % of the original mass
of the sample. For practical purposes 16 h to 24 h is usually
sufficient.

5.1.6 Analytical procedures

NOTE. The procedure given below should be carried out on each
of the test portions of the natural and stabilized materials
respectively and of the cement.

5.1.6.1 Preparation of the acid extracts of the natural
and stabilized material

5.1.6.1.1 Remove the weighing bottle containing the test
portion from the oven, cool in the desiccator and weigh
to the nearest 0.001 g. Transfer the test portion to a

. 400 mL. conical beaker, reweigh the weighing bottle and

calculate the mass {(m) of the test portion by difference.
5,1.6.1.2 Add 100 mL of {1+1) hydrochloric acid to the

beaker cover it with a cover glass and bring the contents
to the boil. After boiling for 1 min remove the beaker
from the heat source and allow to cool for 10 min.
Quantitatively transfer the contents of the beaker through
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a glass funnel to a 500 mL volumetric flask, care being
taken that no solid material remains in the beaker,

and adjust the volume to 500 mL with distilled water.
Shake the flask and allow the suspension to settle for

a few minutes. Remove a 50 mL aliguot portion with a
pipette and transfer to a 260 mL volumetric flask,

if it Is to be analysed according to procedure A described
in 6.1.6.3.1, or to a 260 mL beaker if it is to be analysed
according to procedure B described in 5.1.6.3.2.

. 8.1.6.2 Preparation of the acid extract of the cement.
Follow the procedure given in 5.1.6.1 except in 5.1.6.1.2
use 10 mL of (1+1) hydrochloric acid and 25 mL of
distilled water for the digestion and retain a 25 mL aliquot
portion of the 250 mL solution for subsequent analysis
by procedure A described in 5.1.6.3.1.

5.1.6.3 Analysis of the acid extracts

NOTE. Two procedures are given for the analysis of the acid
extracts. Procedure A is to be followed in those cases where
co-precipitation of calcium when the sesquioxides are removed is
unlikely to affect the results, and procedure B is the alternative
procedure that has to be followed if the effects of co-precipitation
are serious. In general, the effect of co-precipitation should be .
allowed:for in cases where & material containing no calcium and a
high proportion of iron and aluminium has been stabilized witha -
low proportion of cement. Such a combination is likely to arise,
for example, with tropical soils such as laterites rich in iron and
atuminium.

5.1.6.3.1 Procedure A

(For natural material and stabilized material where the
_effects of ca-precipitation can be ignored and for the
cement sample.)

Drop a small piece of litmus paper into each volumetric
flask and add (1+4) ammonia solution (preferably from a
burette) until the litmus changes from red to blue. After
the addition of the ammonia solution adjust the volume
of the suspension to exactly 260 mL with distilled water
and thoroughly mix the contents of the flask by shaking.
Set the flask aside until the precipitate has settled to the
bottom; when it has settled remove 50 mL of the clear
supernatant liquid by means of a pipette and place in a
250 mL conical flask or beaker. Dilute to about 160 mL,
add 10 mL of the triethanolamine solution, 10 mL of the
sadium hydroxide solution and about 0.15 g screened
calcein indicator. Titrate with standard EDTA solution,
using magnetic stirring if possible, until the fluorescent
green of the indicator completes the change to pink-purple
with no residual fluorescence (see 5.1.4.3). Record the
volume (V) of the EDTA used in the titration to the
nearest 0.02 mL.

5.1.6.3.2 Procedure B

(For natural material and stabilized material extracts when
co-precipitation of calcium is a problem.)

Place the aliquot portions obtained from the digestions of
the natural and stabilized materials in 260 mL beakers.
Bring the contents of each beaker to the boil and add
(1+4) ammonia solution very slowly (preferably froma
burette) with constant stirfing until the solution is alkaline
to litmus. Allow the mixture o cool and filter into a

;Whetman No. 641 filter papers are suitable.
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250 mL volumetric flask through a hardened filter paper®.
When the beaker has been drained and filtratioh has :
ceased carefully remove the filter paper and contents from
the funnel and transfer back to the beaker. Add 256 mL

of (14+9) hydrochloric acid to the beaker and:stir the
mixture until all the sesquioxides have dissolved; if more
acid is required according to the sesquioxide content,
keep the acid used to a minimum. Remove the filter paper
and wash with water.until all traces of yellow coloration
have disappeared. Collect these washings in the beaker and,
when washing is completed; reject the filter paper and
bring the contents of the beaker to the boil.

NOTE. In order to keep the final volume below 250 mL the
contents of the beaker may, if necessary, be reduced in volume

by boiling at this stafe.

Add {1+4} ammonia solution as before to re-precipitate
the sesquioxides and filter the contents of the beaker
through a filter paper® into the same volumetric flask.
Shake the flask thoroughly and make the filtrate up to
250 mL. Shake the flask thoroughly and remove 50 mL
of the solution. Set the flask aside. When the precipitate
has settled to the bottom analyse as in procedure A.

5.1.7 Calculations and expression of results

NOTE. A typical data and calculation form for the determination
of the cement content of cement-stabilized materials is given in
form O of appendix A.

5.1.7.1 Unhydrated stabilized materials

5.1.7.1.1 For each test portion calculate to the nearest
0.1 % the calcium contents {as CaO) of the unstabilized
material {(X), the stabilized material (Y1} and the cement
(Z) from the appropriate equation as follows:

X, YiorZ=bVE/m
where .
V is the volume of EDTA required in titration (in mL);
E is the calcium oxide equivalent of the EDTA solution
(in mg CaO/mL) (see 5.1.4.3);
m is the mass of the test portion {in g).

5.1.7.1.2 Calculate the mean values of X, Y and Z from
the results of the two test portions of unstabilized material,
stabilized material and the cement respectively.

NOTE. 1f a sample of the cement used is not available for analysis -
a value of Z may be assumed for the purposes of obtaining an
approximate indication of the cement content. Typical values of

Z for cements currently available in Great Britain are as given in
table 4, -

Table 4. Typical values of Z

Cement % as CaO
Portland, complying with BS 12 646
Sulphate resisting, complying with BS 4027 . | 64.6
Portiand blastfurnace, complying with BS 146 | §4.2
Portland pfa, complying with BS 6588 47.4

5.1.7.1.3 Using the mean values of X, ¥, and Z calculate’
to the nearest 0.1 % the cement content (C; ) of the
unhydrated stabilized material as a percentage of the

mass of the stabilized material from the equation:
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C1 = 100(Y; - X)/(Z~ X)

5.1.7.1.4 From the value of C; calculate to the nearest

0.1 % the cement content (C,) of the unhydrated stabilized
material as a percentage of the dry mass of natural material
from the equation:

C; =100C4/(100- Cy)

5,1.7.2 Hydrated stabilized materials

NOTE 1. When Portland cement hydrates it combines eventually
with approximately 20 % of its own mass of water and this
combined water cannot be driven off by drying at 105 £ 5 °C.
For accurate work it is therefore necessary to make an allowance
for the pressnce of water of hydration in the sample.

NOTE 2. The correction given in this clause assumes that the cement
. is fully hydrated. This is correct only if the cement-stabilized

material Is several months old. The correction is best omitted if

any doubts exist as to the degree of hydration of the cement.

Calculate the calcium content of the unhydrated stabifized

material (Y1) from the value obtained for the calcium -

content of the hydrated material (Y5 ) from the equatlon

Y=Y (Z-12X)/(Z- X-02Y,)
Substitute the value of Y, in the equation for Cy

in 5.1.7.1.3 and calculate the cement content as described
for the case of unhydrated stabilized materials in 5.1.7.1.4.

' 5.1.8 Test report

The test report shall affirm that the cement content was
determined in accordance with 5.1 of BS 1924 : Part 2 :
1990 and whether or not a certificate of sampling is
available. If available a copy of the certificate of sampling
shall be provided. The test report shall contain the
following information:

{a) sample identification;

(b) the calcium oxide contents of the unstabilized

material, the stabilized material and the cement to the

nearest 0.1 %; if a value is assumed for the calcium

oxide content of the cement this fact shall be stated;

(c} the cement contents (Cy and C, ) to the nearest
0.2 %;

(d) the approximate age of the material and whether
or not an allowance has been made for the hydration
of the cement. -

5.2 Determination of the Ilme content of
lime-stabilized materials

5.2.1 Principle

The lime content of the stabilized material is obtained by
comparing the calcium contents of the stabilized material,
the material in an unstabilized condition and the lime
‘'used. It is therefore essential that samples of each of these
should be available. .

NOTE. The method is not applicable to matérials containing a
large or variable amount of calcium compounds or to materials
which also contain cement. In such cases it.may not be'possible
to determine the lime content by chemical means,

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to thjs test method.
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6.2.2 Sampling

Follow the procedure descnbed in 8.1.3 substituting
“lime’ wherever reference is made to ‘cement’.

5.2.3 Apparatus

With the exception of filter papers and 260 mL beakers
all the apparatus listed in 5.1.2 is required.

'5.2.4 Reagents

With the exception of the (1+9) solution of-hydrochloric
acid all the reagents listed in 5.1.4 are required, and in
addition the following. .

5.2.4.1 Ammonijum chloride (20 % solution). Dissolve
100 g of ammonium chloride in water and dilute to
600 mL with distilled water or water of equivalent
quality

5.2,6 Preparatmn of test portions

Foliow the procedure described in 6.1.5 substnutmg ‘lime’
wherever reference is made to ‘cement’.

5.2.6 Analytical procedure

NOTE. The procedure described below should be carried out on
each of the test portions of the natural and stabilized materials
respectively and of the lime,

6.2.6.1 Preparation of the natural and stabilized material
and of the lime

NOTE. Two procedurss are given for extracting the lime from the
stabilized material. Hydrochloric acid is the more effective
extractant but with materials of high sesquioxides content it also
remaves the sesquioxides which may cause interference with the
determination of calcium. Ammonium chloride extracts the lime
but does not remove the sesquioxides and is, therefore, to be

_ preferred with materials of high sesquioxide content, even though

it may take up to 16 min longer to extract the lime from the
sample compared with the 2 min to 3 min taken with hydrochloric
acid. In general, ammonium chloride should be used in cases
where material containing no calcium and a high proportion of
iron or aluminium has been stabilized with a.low proportion of
lime. Such a combination is likely to arise, for example, with
tropical soils-such as laterites rich in iron and aluminium.

5.2.6.1.1 For materials of low sesquioxide content where
the effects of co-precipitation can be ignored follow the

‘procedure given respectively in 5.1.6.1 for the test portions

of natural and stabilized material and 5.1.6.2 for the test
portions of lime.

6.2.6.1.2 For materials of high sesquioxide content where
co-precipitation of calcium is a probability, follow the
procedure given in 5.2,7.1 for the test portions of natural
and stabilized material but use a 20 % solution of
ammonium chloride in place of the (1+1) hydrochloric
acid as the extractant. Boil the test portions in a fume
cupboard with the appropriate quantity of ammonium
chloride solution until no further evolution of ammonia
occurs. This can be checked by holding a moistened red .
litmus paper over the mouth of the beaker: the paper will
turn blue if ammonia is still being evoived. Take care
during boiling to ensure that the solution is not boiled
dry, and if necessary add additional water to prevent

this occurring.
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5.2.6.2 Analysis of the acid or ammonium chloride
_extracts. Drop a small piece of litmus paper into each
volumetric flask and add (1+4) ammonia solution (prefer-
ably from a burette) until the litmus changes from red

to blue (this may not be necessary if ammonium chloride
was used as the extractant). After the addition of the
ammonia solution ad]ust the volume of the suspension

to exactly 250 mL with distilled water and thoroughly
mix the contents of the flask by shaking. Set the flask -
aside until the precipitate has settled to the bottom;

when it has settled remove 50 mL of the clear supernatant.
liquid by means of a pipette and place in a 250 mL conical
flask or beaker. Dilute to about 150 mL, add 10 mL of the
triethanolamine solution, 10 mL of the sodium hydroxide
solution and about 0.16 g screened calcein indicator.
Titrate with standard EDTA solution, using magnetic
stirring if passible, until the fluorescent green of the
indicator completes the change to pink-purple with no
residual fluorescence (see 5.1.4.3). Record the volume (V)
of the EDTA used in the titration to the nearest 0.02 mL.

5.2.7 Calculations and expression of results

NOTE. A typical data and calculation form for the determination
of the lime content of lime-stabilized materials is given in form P
of appendix A.

Calculate the lime content (Ll) in a similar manner to that
used for unhydrated cement-stabilized materials in 5.1.7.1.
In this instance L4 and L, correspond to €; and C, and
X, Y and Z correspond to the natural material,
uncarbonated lime-stabilized material and lime
respectively.

NOTE. In theory an allowance should be made {other than for a
freshly mixed sample) for the increase in mass of the sample arising
from carbanation of the lime and its pozzolanic reaction with the
material. This is analogous to the correction to allow for hydration
in the case of cement-stabilized materials. In practice it is difficuit
to determine how much carbonation and/or pozzolanic reaction
has occurred so a value of L, cannot usually be calculated.

5.2.8 Test report

“The test report shall affirm that the lime content was
determined in accordance with 5.2 of BS 1924 : Part 2 :
1990 and whether or not a certificate of sampling is
available. If available a copy of the certificate of sampling
shall be provided. The test report shall contain the
following information:

(a) sample identification;

(b} the calcium oxide contents of the unstabilized
material, the stabilized material and the lime to the
nearest 0.1 %; if a value is assumed for the calcium
oxide content of the lime this fact shall be stated;

(c) the lime content to the nearest 0.2 %;

(d) the approximate age of the material and whether
or not an allowance has been made for the carbonation
or pozzolanic reaction of the lime.
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5.3 Determination of the in situ pH of lime-
or cement-stabilized materials as a guide
to the degree of carbonation

6.3.1 Principle

The pH of lime- or cement-stabilized materials will remain
at values in excess of 12 whilst any unreacted lime or
cement remains. Even when the cement or lime has
completely reacted with water and with any pozzolanic:
materials present high pH values will stil! prevail. On long-
term exposure to air the hydration products may, under
adverse conditions, react with carbon dioxide causing a
large decrease in pH and possible loss in strength.
Carbonation is the most prabable cause of decreases to
pH values below 9.0 and determination of the pH value
of an exposed surface of the stabilized material therefore
gives.a rapid assessment of whather or not carbonation

is likely to have occurred.

In this methad the extent to which carbonation may have
occurred is assessed by exposing a surface of the stabilized
layer. The pH value of the exposed layer is then deter-
mined by spraying the exposed surface with solutions of
suitable acid-base indicators possessing different colours
according to alkalinity or pH value.

The requirements of BS 1924 : Part 1 shall where appro-
priate apply to this test method.

5.3.2 Apparatus

5.3.2.1 Equipment for digging holes in the stabilized
layer to the full depth of construction.

6.3.2.2 A stiff brush, for brushing and removing loose
material from the exposed layer of stabilized material.

5.3.2.3 Four plastics spray bottles, e.g. hand-operated
garden sprays with a capacity of about 500 mL.

NOTE. It is important that these bottles do not have any metal
parts that can come into contact with their contents.

5.3.3 Reagents

NOTE. Only reagents of recognized analytical quality and distilled
water or water of equivalent quality should be used. The solutions
should be stored in the plastics spray bottles, and the fourth bottle
used for storing a supply of distilled water.

5.3.3.1 Hydrochloric acid (1+3) solution. Dilute 330 mL
of concentrated hydrachloric acid (relative density 1.18)
to 1 L with distilled water.

5.3.3.2 Phenolphthalein solution. Dissolve 5 g of the .
reagent in 500 mL of ethanol {95 %) and add 500 mL of
distilled water with constant stirring. Filter if a
precipitate forms. '

NOTE. Phenolphthalein is colourless below a pH of 8.3 and deep
red above a pH of 10.0.

5.3.3.3 Phenol red-solution. Dissolve 0.2 g of phenol red
powder in 60 mL of 0.01M solution of sodium hydroxide
{0.40 g/L)..Make up to 500 mL with distilled water.

NOTE. Phenol red solution is yellow below a pH of 6. 8 and red
above a pH of 8.4,
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5.3.4 Procedure

6.3.4.1 Expose a surface of the stabilized layer and
remove all loose material from the surface.

'6.3.4.2 Spray the exposed surface with water and ensure
that it is thoroughly moist.

5.3.4.3 Spray the full depth of the treated layer evenly
with phenolphthalein until it is visibly wet, paying parti-
cular attention to interfaces and cracks. A red colour
shows the pH to be above 8.3 suggesting that lime is
present. Record the presence or absence of a red colora: .
tion, if there are only patches of red draw a diagram to
record the areas of red coloration.

5.3.4.4 If the whole of the exposed surface did not show
a red coloration when sprayed with phenolphthalein spray
the surface with phenol red solution. Record the absence
of a red coloration in those areas which did not turn red
when sprayed with phenolphthalein.’

5.3.4.5 Spray the whole of the exposed surface with the

(1+3) hydrochloric acid. Effervescence indicates the
presence of a carbonate. Record the depths over which
effervescence ceased or became markedly less.

5.3.4.6 Repeat operations 5.3.4.1 to 5.3.4.5 on other
exposed surfaces of the stabilized layer.

5.3.4.7 If possible check whether or not carbonates were
present in the original unstabilized material by treating

a sample of the unstabilized material with the hydro-
chloric acid. Effervescence indicates that carbonates were
present in the unstabilized. material.

5.3.5 Reporting of results

Repart the results as one of the following:
(a) red colour with phenolphthalein, no effervescence
with hydrochloric acid; :

NOTE. This indicates that no carbonation has occurred and
that carbonates were absent from the original materials.

(b) red colour with phenolphthalein, effervescence with

hydrochloric acid;

NOTE. This indicates that carbonates were probably present in
the original matarials but that in this case partial carbonation
cannot be ruled out, If it is known that carbonates were not
present in the original material some partial carbonation must
have occurred.

(c) no colour change with phenolphthalein, red colour
with phenol red effervescence with hydrochloric acid;
NOTE 1. If it is known that carbonates were not present in the

original material this indicates that carbonation of the stabilizer
has occurred. However, if carbonates were present in the original

material it is not possible to distinguish between whether
carbonation has occurred or whether the stabilizer was not
added.

NOTE 2. Phenol red cannot always be relied.upon to give
clearly dlqcernibla colour changes.

(d} no colour changes with phenolphthalein or phenol!
red no effervescence with hydrochloric acid.

90 MR lb2ubb9 0210259 & M

NOTE. This indicates that the stabilizer was not added. If it is
suspected that stebilizer was not added a qualitative test for
the presence of calcium should be made. The absence of
calcium is positive proof that no stabllizer was added.

5.3.6 Test report

This test is a rapid field test for assessing the degree to
which carbonation has occurred and a full test report as
required for other tests included in this standard is not
appropriate. The test report shall include all the relevant
facts that led to the conclusions being made.

5.4 Determination of the initial
consumption of lime

NOTE. The initial consumption of lime {ICL) test developed by
Eades and Grim can be used to give an indication of the minimum
amount of lime that is required to be added to a material to
achieve a significant change in its properties. The method does

not dispense with the need to establish the relation between the
lime content and strength (or plasticity) but by giving an indication
of the minimum amount of lime likely to prove necessary it
reduces the range of lime contents to be examined.

5.4.1 Principle

A saturated solution of lime (calcium hydroxide) in
distilled water completely free of carbon dioxide has a pH
value of 12.40 at 25 °C. This pH is required to maintain
reaction between the lime and any reactive componhents
in the material to be stabilized. Samples of the material
are therefore mixed with water and different proportions
of the lime being used and the minimum amount of lime
needed to give a pH of 12.40 is expressed as the ICL of
the material.

- The requirements of BS 1924 : Part 1 shall where appro-

priate apply to this test method.

5.4.2 Sampling .

5.4.2.1 The sample received at the laboratory (the
laboratory sample) shall be taken in accordance with the
procedure described in 5.3 of BS 1924 : Part 1 : 1990.

5.4.2.2 Reduce the sample by the procedures described

in 5.4 of BS 1924 : Part 1 : 1990 to produce a test portion
which after being dried at 105 + 5 °C and sleved on a

425 um test sieve has a mass of about 200 g (see 5.4.7).

5.4.3 Apparatus

5.4.3.1 A pH meter, fitted with a suitable glass electrode
system for use up to pH values of 13.0 readable to 0.05 pH
unit.

NOTE. pH meter electrodes are extremely fragile and great care
therefore should be taken with their use. It is essential to use
electrodes that are suitable for highly alkaline solutions.

5.4.3.2 A balance, of 250 g minimum capacity readable
to 0.01 g.

5.4.3.3 A temperature-controlled oven, capable of
maintaining a temperature of 105 £ 5 °C.

5.4.3.4 Glass or plastics bottles, of 250 mL capacity
fitted with watertight stoppers (at least six are required).
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5.4.3.5 An end-over-end bottle shaker, or other suitable
means of Keeping a suspension of stabilized material
placed in the bottles in continuous agitation (optional).

5 4.3.6 A 425 pm test sieve, with receiver complying
with 4.2.4,2 of BS 1924 : Part 1 : 1990.

5.4.3.7 A thermometer, covering the range 15 °C to 25 °C
readable to 0.5 °C. .

5.4.3.8 Two airtight containers, for storing lime,
e.g. 1 kg preserving jars.

5.4.3.9 A 100 mL capacity measuring cylinder.
5.4.3.10 A wash bottle, containing distilled water,

5.4.3.11 A beaker, of 50 mL to 100 mL capacity,
preferably que of plastics.

6.4.3.12 Soft paper tissues.

5.4.4 Reagents

- NOTE. All reagents should be of recognized analytical reagent
quality.

8.4.4.1 Buffer solution pH 4,00. Dissolve 2.565 g of
potassium hydrc_)gen phthalate in distilled water and dilute
to 350 mL, using a volumetric fiask. Alternatively use a
solution prepared from proprietary materials, e.g. buffer
solution tablets. -

NOTE. The buffer sojution should be stored in a plastics container

and any portions used should be discarded. The buffer sajutian
should not be kept for more than 7 days.

5.4.4.2 Buffer solution pH 9.20. Dissolve 4.99 g of
disodium tetraborate {(borax) in distilled water and dilute
to 2560 mL, using a volumetric flask. Alternatively use a
solution prepared from proprietary materials, e.g. buffer
solution tablets.

NOTE, The buffer solution should be stored in a plastics container
and any portions used should be discarded. The buffer solution
should not be kept for more than 7 days. The solution at pH 9.20
has been specified because it is readily available and easily
prepared. If a buffer solution with a higher pH value can be
obtained it may, with advantage, be used.

5.4.4.3 Potassium chloride. Prepare a saturated solution
and use to maintain the calomel electrode of the pH meter
in accordance with the manufacturer’s instructions.

-5.4.4.4 Dilute hydrochloric acid. Dilute 100 mL of the
concentrated acid to 500 mL with distilled water.

5.4.4.5 Distilled water, free of carbon dioxide. Gently

boil the required quantity of distilled water for one hour
and allow to cool to room temperature without access

to air before use. Use this water within 24 h of preparation.
NOTE. Caution is required during the cooling stage to ensure that
no partial vacuum occurs in the cooling vessel, A beaker covered

with a clock glass is a suitable cooling vessel provided the water is
used within 24 h.

5.4.4.6 Calcium hydroxide of laboratory grade; store in
an airtight container,

- 5.4.4.7 Lime, for the stabilization work (see note to 5.4.6);
store in an airtight container.,

PARTx2 90 EE 1lb24bbk9 02102k0 4 -

BS 1924 : Part 2 : 1990
Section five

5.4.5 Calibration and use of the pH meter

5.4.6.1 Calibrate the pH meter with the standard buffer
solutions following the procedure recommended by the
manufacturer. Check the calibration of the pH meter with
the standard pH 9.2 buffer solution a few minutes before
and after each set of pH determinations. If the instrument
is out of adjustment by more than 0.05 unit, the results

~ shall be discarded and the test repeated.

5.4.5.2 When using pH meters not fitted with automatic

“temperature compensation, adjust the instrument

correctly according to the temperature of the solutions
before taking a reading. Before insertion into any solution
wash the electrades thoroughly with distilled water and
carefully remove the surplus water with clean absorbent
paper tissues. In addition wash the electrodes with distilled
water immediately after removal from any solution.

When not in use keep the electrodes in distilled water.
NOTE. After several readings the electrodes may become encrustad
with calcium carbonate. This can be removed by immersing them
in dilute hydrochloric acid. After immersion In acid wash the
electrodes thoroughly and recalibrate using the pH 9.2 buffer
solution.

5.4.5.3 Prepare a saturated solution of the calcium
hydroxude by placing about 5 g of calcium hydroxide in
one of the bottles. Add 100 mL of CO,-free distilled
water and shake in the shaking machine (5.4.3.6) for
60 min. {If the machine is not available shake the bottle
manually for 30 s every 10 min for the first hour and
then every hour for 4 h.) Leave the suspension in the
tightly stoppered bottle for 24 h before use. Pour the
suspension into a beaker and determine its pH to the
nearest 0.05 unit and record its temperature to the nearest
0.5 °C. Calculate the pH value of the solution at 25 °C
(pH,5 ) from the eguation:

szs = pHT + 0-03(7-" 25)
where
pHy is the pH at measured temperature T°C.

If the pH value at 25 °@ is in.the range 12.35 to 12.46 the
pH meter and electrode system is suitable for the test. If not
check that the lime is of a good quality grade before
investigating any possible defects in the pH meter and/or
the electrodes.

NOTE. It is not necessary to carry out this procedure every time,
The'system should be checked before first use and every time a

new electrode is used but once it has been found to be suitable no
further tests with the calcium hydroxida need to be made.

5.4.6 Determination of the suitability of the lime

. Prepare a saturated solution of the lime that is to be used

for the test (see note) by the procedure described for calcium
hydroxide in 5.4.5.3. Determine the pH value of the solution
by the same procedure described for calcium hydroxide

in 5.4.5.3. If thé pH value of the saturated solution at 25 °C
is in the range 12.35 to 12.45 the lime is suitable for use.

If it is not and all the conditions of 5.4.5 have been satisfied
the quality of the lime for the purposes of lime-stabilization
is suspect and results of any ICL test carried out with it are
meaningless.
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NOTE. If the results of the ICL test are to be related to practice it is
essential that a sample of the lime that is to be used is available.
Howaver, if the test is being carried out to determine the potential
of the material for stabilization and no sample of the lime to be used
is available, the test may be carried out with the calcium hydroxide
given in 5.4.4.6; .

5.4.7 Test procedure

5.4.7.1 Take the dried and sieved test portion obtained as
described in 5.4.2.2 (see note 1) and subdivide it into two
representative halves each weighing about 100 g. Take one
of these to provide five test specimens each with a mass of
about 20,0 g weighed to the nearest 0.1 g. Place each test
specimen into each of five bottles and weigh out to the
nearest 0.01 g the lime to be used in the test in the propor-
tions 2.0 %, 3.0 %, 4.0 %, 5.0 %, 6.0 % (see note 2). Add the
lime to the bottles and shake the bottles to mix the lime
with the material.

NOTE 1. If the proportion of material retained on the 426 pm test
sieve is not known from the results of a prior determination of the
particle size distribution it will be necessary to ascertain the
amount retained at this stage. [t is assumed in this test that the
lime-reactive fraction of the material is concentrated in the fraction
finer than 426 pym in particle size.

NOTE 2. The proportions chosen will ensure that in most cases the
percentage of lime required will be included in the first trial.

5.4.7.2 Add 100 = 2 mL of CO,-free distilled water to each
bottle. Shake the bottle and contents until there is no
evidence of dry material on the bottom,

6.4.7.3 If a shaking device is available shake the bottles for
16 min. If not, shake the bottles manually for 30 s every

10 min for 1 h. In either case after 1 h 5 min determine the

pH values of the suspensions as described for calcium
hydroxide in 5.4.5.2 and 5.4.5.3.

5.4.7.4 If none of the suspensions reaches a pH value
above 12.30 {corrected to 25 °C) but this value is obtained
with the addition of 2 % of lime, carry out additional tests
with.lower values of lime addition. If the pH values go up
1o 12.40 but this value is not reached until at least 5 % of

lime has been added, repeat the test with higher proportions

of lime (see note). If a pH value of 12.4 is achieved with as
little as 3.0 % of lime, repeat the test using additional lime
contents of 0.6 %, 1.0 %, 1.6 % and 2.5 %,

NOTE. Before proceeding with the test an assessment needs to be

- made as to whether or not it will be economic to add lime in
proportions much higher than 6 %.

5.4.8 .Calcula'tions and expression of results

NOTE. A typical data and calculation form for the determination
of the |n|t|a| consumption of lime is given in form Q of appendix A.

5.4.8.1 Plot the percentage of lime added to the material
against the pH (corrected to 25 °C) and read-off, by inter-
polation, the proportion of lime requvred to give pH values
of 12.30 and 12.40.

5.4.8.2 If the pH readings go to pH 12.40 'record to the
nearest 0.1 % the lowest percentage of lime that gives this
value as the ICL of the material (see notes 1 and _2).

- b6
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5.4.8.3 If the pH readings do not go beyond pH 12.30
but this value is obtained from the addition of 2 % of lime
{or less), record to the nearest 0.1 % the lowest percentage
of lime that gives this value as the ICL of the material.
NOTE 1. When using the ICL values to carry out further tests

remember that the values refer only to the fraction of material
finer than 425 pm in particle size and make due allowance for this.

NOTE 2, If quicklime is to be used in the field but has not been
used in the test then the hydrated lime percentage obtained
should be multiplied by 0.75 1o give the quick!ime addition.
Similarly allowance should be meade for the available lime content

' of the lime used in the field if this differs from the available lime

content used in the laboratory.

5.4.9 Test report

The test report shall affirm that the mntnal consumption
of lime {ICL) was determined in accordance with 5.4 of
BS 1924 : Part 2 : 1990 and whether or not a certificate
of sampling is available. If available a copy of the certifi- -
cate of sampling shall be provided. The test report shali
also contain the following additional information:

(a) sample identification;
{b) details of the lime used for the test;

(c) the graph showing the relation between pH and
lime content and, in those cases where it can be
calculated, the ICL value to the nearest 0.1 percent;

{d) the proportion of material passing the 425 ym
test sieve.
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lea—— Hollow stem

Lead shot

Mass of assembly 80 0.19*

30%7°
35

(a) Cone assembly

Gauge plate

Az

L_ , +
\ ’ 1 5_ 0.1

f

ol fe—t152002%

{b) Tip gauge

*See 4.2.2 of BS 1924 : Part 1 : 1920,

All linear dimensions are in millimetres.

Figure 1. Details of cone for the liquid limit test
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6 105:05 %
H
IR \
K= N
N
Sl N N
RN \;
H o [
s - i
4.5 min, —»= e ¢ 105 + 0.5%
Iy
\ N
* N
by \ \
n . \ N
w N N
\ \
N
LI SIS IS SIS S

All dimensions are in millimetres.

*See 4.2.2 of BS 1924 : Part 1 : 1990.

NOTE. This design has betlan found satisfactory, but alternative designs may be employed provided
that the essential requirements are fulfilled.

Figure 2. Mould for the compaction test (1 L mbuld) ’
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® 65

—] jt——— @} 27 8‘ \E’,{ ':"{ ]
0 1 ¥ g
= H \J‘:g__ )
I P ™~&holes
/ o6
/
1 § H
Guide Rammer
Length of =~ & Adjust to make
1 fravel of m total mass 2.5kg25¢%
’ rammer . - 25
o ' 300:3% I
2
1
12 holes
/ /‘/‘I’ 6 ' 2 rubber gasket
- E -H '
A{}_ 25 @ +
4 K
RS S
<232l e—3min. - $50205%

All dimensions are in millimetres.
*See 4.2.2 of BS 1924 : Part 1 : 1990,

NOTE. This design has been found satisfactory, but alternative designs may be employed provided
that the essential requirements are fulfilled. .

Figure 3. 2.5 kg rammer for the compaction test
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@65

5

§

H
=

®6
o s e
s in
" Guide Rummer
1 Length of Adjust to make
' travel of | total mass 45kg+50g%
0| ’ rammer . $25

7 450:4%

580

62 rubber gasket

12 holes ‘ | 7

96

=
)
128

2220 |l w3 min - 50 05%

Alt dimensions are In millimetres,
*See 4.2,2 of BS 1924 : Part 1 : 1980.

NOTE. This design has been fourid satisfactory, but alternative designs may be employed provided
that the essential requirements are fulfitled.

Figure 4. 4.5 kg rammer for the compaction test
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1505 .
B ¢1h9.8 cylinder
r/Cylmder stainless
steel
A
N O /Anvil
/| R % / |
¥ - 'shnnk guide
2 rubber '0’ rings /Smull hole to
I locate depth gauge
Clamp (at least 3)
Test portion —m-
7
\

P

Vent —M8M8M8M8M8m™™ ¢

Supporting ribs
for filter assembly

Dimension is in millimetres,
See 4.2.2 of BS 1924 : Part 1: 1990.

NOTE. This drawing is copyright and dimensions other than working dimensions are not therefore
given {sce note to0 2.1.6.3). :

‘Figure 5. Compaction mould and anvil for the vibratory compaction test

Copyright by the British Standards Institution

Mon Jul 24 13:53:14 2000

BS 1924 : Part 2: 1990




BSI BS*1924: PART*2 90 B 1b24k69 0210267 7 N

BS 1924-: Part 2 : 1990

i ; Lever arm
i
1
of — @ — —
S o s p
T T - -
! I A2, i _}—Surcharge mass
Lo i |
| 1|, O 0
[ | btk - |- 4t
| | [
Lo — o
| I ——Securing pin to
o Ll allow hammer to
to hang vertically
I |
[ Hammer grip
(. | assembly
{ ! !
I [ (
I i C
] I
] | o
Support———e | | . ———Vibrating hammer
frame 1 | 7]
I |
| I
I I
| I
| | |
| I
i i ]
| |
(N
| [
I 1 |
I I Shank
I I
I I | [
b Compaction mould
: : B T4 ' and anvil
| ! R
| | L
I | b d
| I g
| | .
i I
- :____' Base : mild steel
‘E | [
n I I Rubber mat
Dimension is in millimetres.
See 4,2.2 of BS 1924 ;: Part 1 : 1990,
NOTE. The design of the compaction mould and anvil is copyright (see note to 2.1.6.3).
Figure 6. Compaction rig assembly
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{a) For use with the compaction rﬁould|

To suit hammer

Total mass of tamper
shall not exceed 2.5kg

{.

(b} For use with the CBR mould

tmeG.

To suit hammer

Total mass of tamper
shall not exceed 3kg

o 145:2%

]

10 min.

*See 4.2.2 of BS 1924 : Part 1 : 1990.
All dimensions are in millimetres.

Figura 7. Tampers for the vibrating hammer test
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Gauge

\ E} source

-
N

—Ground surface

Possible paths of
gamma rays and

: . neutrons
(a) Backscatter \/

Defecfor.

Gauge

Detector Depth of
/ measurement
Possible paths e ! !
of neutrons b,
source

(b) Direct transmission

Figure 8. Two methods of transmission with nuclear surface density gauge
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/Volume: 3 litres approx.

| 0/
Hole at top o_t;econe Shutter to expose or close, as
®15 + 1.0 required, the hole at. the top of
e the cone. Its action shall be
. —— smooth, rapid and free from
| becoming jammed by sand grains
X . .
<
o~ 1
+t
8
\
id15:10%

Diameter fo match flange on
calibration container (see fig.10}

g —

*See 4.2,2 of BS 1924 : Part 1 : 1990
All dimensions are in milllmetres.

NOTE. This design has been found satisfactory, but alternative dasmns may be employed provided
that the essential requirements are fulfifled.

Figure 9. Small pouring cylinder for the determination of the density of fine- and
medium-grained materials
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Diameter to match base flange of
small pouring cylinder

¢ 100 £ 20 %

Flat it Wit
surface

*See 4.2.2 of BS 1924 : Part 1 : 1990,
All dimensions are in millimetres.

NOTE 1. It is important that metal joints within the calibrating container do not form crevices
because these will affect the accuracy of the calibration.

NOTE 2. This design has been; found satisfactory, but alternative designs may be employed provided
that the essential requirements are fulfilled,

Figure 10. Calibrating container for use with the small pouring cylinder
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Suitable handles

/Volume : 15 litres approx.

—

Hole at top of cone
P25+ 10% . Shutter (see fig.9)

o oo — /
!

160 = 3.0%

i.d.215£20%

Diameter to match flange on calibrating
< tontainer (see fig.12)

*See 4.2,2 of BS 1924 : Part 1 : 1990,
All dimensions are in millimetres.

NOTE. This design has been found satisfactory, but alternative designs may be employed provided
that the essential requirements are fulfilled.

Figure 11. Large pouring cylinder for the determination of the density of medium- and
coarse-grained materials '
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Diameter to match base flange of large pouring cylinder

Flat surface
i.d. 200 + 5,0 %

AN

Stiffening webs U R

__| 5
250230 X '

LR

*See 4.2.2 of BS 1924 : Part 1 : 1990.

All dimensions are in millimetres.

NOTE 1. It Is important that metal joints within the calibrating container do ‘not form crevices
because these will affect the accuracy of the calibration.

NOTE 2. This design has bsen found satisfactory, but alternative desighs may be employed provided
that the essential requirements are fuifilled.

Figure 12. Calibrating container fqr use with the.large pouring cylinder
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]

(O
0 Q

1000 approx.

¢-140 ur

(a} Rammer
' )
!
25 4 L¢ 100
e e ]
(C’;)frner rounded 0108 _
- ¢112
(b} Dolly
" ]
<
o~
4+t
8 e '
¢
Yl

- 3 -—L-a
Hardened cutting
edge

$100 + 20
ot ——————

(c) Core cutter

*See 4.2.2 of BS 1924 : Part 1 : 1980.

All dimensions are in millimetres.
- NOTE. This design has been found satisfactory, but alternative designs may be employed provided
that the essential requirements are fulfilled.

Figure 13. Core-cutter apparatus for in-situ density determination of fine-grained
materials -
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Figure 14. Diag'rammatic representation of the cradle and supporting frame for
determination of density by the immersion-in-water method
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Container with open top

60 . -
20 #E:. Watertight joint
——

! Metal tube

!
A
[oy-a——Clip

Rubber tube

250
15—'—1 g —
H
ll:‘-—._—t
[ 5o

150
(9)

Ly |

®150 + 5%

Watertight joint

*See 4.2.2 of BS 1924 : Part 1 : 1990,
All dimensions are in millimetres.

NOTE. This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilied.

Figure 15. Apparatus for the determination of density of stabijlized material
"by water displacement (fine- and medium-grained materials)

Container with

/open f‘op

Watertight joint

|
- 60
H /Meful tube

B

1

e
x

[CHED
f \Clip

500

300

Rubber fu Ee

Watertight joint

0300£5%

] -

*See 4.2.2 of BS 1924 : Part 1 : 1990.
All dimensions are in millimetres.

NOTE. This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilled.

Figure 16. Apparatus for the determination of density of stabilized material
by water displacement (coarse-grained materials}
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9125
"y
XXX ERXE, Undercut
e Pl I [0
al i
S | i
i This surface to be flat within 0,03
= . ‘ and square to the axis within 0.02
\ *
- - ¢10030.075
R2 at both end
ar both ends 6 100.8£0075%
Parallel bore
152 015 %
The surface texture of the
bore shall be 1.6pm Rq
Y
A
* | o !
|.r§ [
2| 5
=4 G — | [e———— G ywall
=+ & |
= Recess 1 deep
painted red to
\ identify smaller end
|
Parallel bore 1Y F'1 mf
115£0.15% m* -
$99.2£0.075% - N
98.7£0.075% - - o j
* T 1 - T
n
2 f
+ e 1
< ‘ p]— T/j\ Knurl and paint red
’ IR XX REK) /1'0 identify smaller end
W 125
Annular recess in o
this face 1 deep x 5 wide
110 mean diamefer painfed red
*See 4.2.2 of BS 1924 : Part 1 : 1990.
All dimensions are in millimetres,
NOTE. This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilled.
Figure 19. Tapered cylindrical mould with plugs for preparation of
specimens for the compressive strength test {(medium-grained materials)
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!
g] 1
13 =
— el —— +1
This surface to be . S
flat to within 0,03 ™A y ~
and square to the $98.5+£0.075 |
axis within 0,02 I ]
AN iy 0 { .
AN RS5

) f *
R50%0.15

Plunger displacing collar
{2 per mould)

430£05%

T 1

100£0.15

' R55

.
AX XXX X XXX

$125

R50+0.15

- Piug displacing collar
{2 per mould)

13
—

*See 4.2.2 of BS 1924 : Part 1 : 1990.
All dimensions are in millimetres.

NOTE. This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilled.

Figure 20. Plunger ahd displacing collar for use with tapered cylindrical
mould of figure 19
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To suit
hammer

A

® 90

$165

*See 4.2.2 of BS 1924 : Part 1 : 1990.
All dimensions are in millimetres.

NOTE. This design has been found satisfactory, but alternative
designs may be employed, provided that the essential requirements
are fulfilled,

Figure 21. Tamper with spacing collar, for use with a
vibrating hammer, for preparation of cubic specimens
made up to a predetermined dry density for the
compressive strength test

50
100
150

£0.5%
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- 128 _ 510 2
— ®25
e 3 L 0
= b O(
| i

‘r:tll __:-::f
Bruze/ \2 rubber gaskets M12

Rammer total mass 4.5kg

580 .
15 25
[Va) ‘ i
AR DM . _ - N
Rl B py \«\ é; °
1
Ti L | 1 § 1§ A

\8 holes @10
Guide length of fravel of rammer 450

All dimensions are in millimetres.
See 4.2.2 of BS 1924 : Part 1 : 1990.

NOTE. This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fuifilled.

Figure 22. Rammer for preparation of cubic specimens compacted to a
constant compactive effort for the compressive strength test
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40 mi.n‘.
Segment may
Steel RT3 begTrimmed
loading ! o
plece ] / 20 min.

P

Hurdhoard |
packing strips

All dimensions are in millimetres.
See 4.2.2 of BS 1924 : Part 1 : 1890.

(a) Apparatus A for splitting cubes and prismatic spacimens

Trowelled face

Auxiliary platens
incorporating
steel strips

|

(b} Apparatus B for splityting-vcubes aAnd prismatic specimens
Figure 23. Suitable jigs for the tensile splitting test

d d
3y,
Trowelled
. : face
Figure 24. Plane of loading
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9152205 %

\ __—Good finish H——’—E
. T < on bore _

4

k\ ANNNN

. Perforated ,
I~ Smin. baseplate )

=9 |
l \Detuchuble ‘ . I

baseplate

®127+1.0%

10 min.—e| —-—

All dimensions are in millimetres,
*See 4.2.2 of BS 1924 : Part 1 : 1990.

Figure 25. Cylindrical mould for the determination of the California Bearing Ratlo

¢ 152+ 05%

50 min.

—J t--a—— Wall

1.- 5 min.

Screw
thread

5041%

{
¢ 150 £0.5%

Al dimensions are in millimetres.
“*See 4,2,2 of BS 1924 : Part 1 : 1920,

Figure 26. Plug and collar for use with the cylindrical mould for the determination of
the California Bearing Ratio ’
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Applied force

Dial gauge support

Dial gauge 25 travel
(0.01 divisions
1mm per revolution)

Sur‘Ehurge rings
(if required)

g N Detachable collur
N 122 g/
NN MM
i/Ey/@//W R Hardened steel end
S 0 49.65£01%
= S
f/ Specimen § Mould
/§ 152 x 127 high §
/§ Z
U zSUSUSU
AINANEEERNN NN RN NN

*See 4.2.2 of BS 1924 : Part 1 : 1990,
All dimensions are in millimetres.

NOTE. This design has been found satisfactory, but alternative deslgns may be employed provided
that the essential requirements are fulfilled.

Figure 27. General arrangement of apparatus for the CBR test
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Dial gauge
Dial gauge
Surcharge rings mounting
(if required) frame
Extension collar —— Adjustable
] stem
) l i Locking nut
. ] u‘ 34 N ] ]
———— | [z < 0
S — O O | ——
Souking__’__> J l I 1. — _1 - - .1 :
tank A B Perforated
Co swell plate
I CBR mould
_ . " Sample .‘' " ° body
Open mesh————— R
R Perforated
plufform _\'_ ] . "- ' ." ” . " f]l l baseplate
v L aniies niiael i i Ml T 2 e

Figure 28. Apparatus for measuring the swelling of a spacimen during soaking for the CBR test
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Force on plunger, kN

Penetration of plunger, mm

Figure 29. Force/penetration curve obtained in CBR test showing methad of correction

Corrected curve L’,fo
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30°
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| correction
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Appendix

Appendix A. Typical data and calculation forms

This appendix gives the following test sheets as examples only; other suitable forms may be used.
Form  Title '

Determination of the moisture content by drying

Determination of the plastic limit

Determination of the liquid limit

Determination of the degree of pulverization

Determination of the dry density/moisture content relation by the 2.5 kg/4.5 kg rammer method
Determination of the dry density/moisture content relation by the vibrating hammer method
Suitable test sheet with worked example for the determination of vibrated density and moisture content
Determination of the in-situ density sand-replacement method

Determination of.the in-situ density core-cutter method

Determination of the in-situ density immersion-in-water method

Determination of the in-situ density water-displacement method

Determination of the compressive strength

Determination of the effect of immersion in water on compressive strength

Determination of the CBR value

Determination of the cement content of cement-stabilized materials

Determination of the lime content of lime-stabilized materials

Determination of the.initial consumption of lime
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Form A. Determination of the moisture content by drying

Laboratory: Method used:

Operator: Material:

Job: Stabilizer: -
Site: Stabilizer content:

Date:

Sample No.

Mass of wet material + container {m;) g BRI e I

Mass of dried material + container (m3) g

Mass of container {m,) g
Mass of moisture (mq - m3) : g

Mass of dried material (m3 - my) g

100(!712 - m3)

Moisture content w =
{m3 - my)
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Form B. Determination of the plastic limit

Laboratory: Date:

Operator: _ Material:

Job: Stabilizer:

Site: Stabilizer content:
Ago at test:

Plastic limit of the unstabilized material

Test No.

Container No,

Mass of wet material + container (g}

Mass of dry material + container (g)

Mass of container (g)

" Mass of dry material (g)

Moisture content (%)

Plastic limit of the stabilized material

Test No.

Container No.

Mass of wet material + container (g)

Mass of dry material + container (g}

Mass of container {(g)

Mass of dry material {9)

Moisture content (%)

PLASTIC LIMIT OF THE UNSTABILIZED MATERIAL ...ccovviniiianninniinennnn. %
PLASTIC LIMIT OF THE STABILIZED MATERIAL ooovvennvrnrinniensnenserinnnen: %
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Form C. Determination of the liquid limit

Laboratory: | Date;
Operator: Material:
Job: Stabilizer:
Site: : Stabilizer content:
Age at test:
Test No. 1 : 2 3 4

Initial dial gauge reading (mm)

Final dial gauge reading (mm)

Average penetration {mm}

Container No,

Mass of wet material + container (g)

. Mass of dry material + container (g)

Mass of container {g)

Mass of.maisture {g)

Mass of dry material (g)

Moisture content (%)

28

26 RiNRRRNNZEEIARRERRRRE

24

~N
~N
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o

Cone penetration (mm)

—
o

-
>~
T
1
e
t

12
Moisture content (%)

Moisture content at 20 mm penetration = Liquid limit =
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Form D. Determination of the degree of pulverization

Laboratory: - Date:
~ Operator: ’ Material:
“Jab: Stabilizer:
Site: ) Stabilizer content:
Sample No. '
. Total mass of the sample {(m) ) g

Mass of unbroken material retained on sieve {m,) g

Mass of material finally retained on sieve {m3) g

100{my - m,)

%
(my = m3) 0

Degree of pulverization P =
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Form E. Determination of the dry density/moisture content relation by the 2.5 kg“ /45 kg* rammer method

Laboratory:
Operator:
Material:
Job;

Site:

*Delete as appropriate.

Rammer used: 2.5 kg*/4.5 kg*
Mould used: IL*/CBR*

Retained on 20 mm* /37,6 mm* sieve
Stabilizer:

Stabilizer content:

Test Portion No.,

Mass of mould + base + specimen (m,) g

Mass of mould + base (m,)

g

Mass of compacted specimen (my - my) g

3 = my

m .
Bulk density o = —— Mg/m?
vt :
Molsture content {w) %
100p
Dry densit = n3
y density pg = m Mg/m

tv = 1000 for 1 L mould; v = 2305 for CBR mould.

Maximum dry density ................. Ma/m3 -

Optimum moisture content ........c...coreee %

Relative density ...
Amount retained on 20 mm test sieve ,,,

%

Dry density (Mg/m2)

Moisture content (%)
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Form F. Determination of the dry density/moisture content relation by the vibrating hammar method
Laboratory: Date:
Operator: - : Material:
Job: i Retained on 37.5 mm test sieve
Site: Stabilizer:
Stabilizer content: -
Test Portion No,
Mass of mould + base + collar + specimen (m;} g B
Mass of mould + base + collar (m;) g
Mass of compacted specimen (my - my) g
Height of specimen (A) mm
. my - my 3
Bulk density p = ————— Mg/m
uik density p 18165 g/
Moisture content (w) %
100p
Dry densit S — Mg/m?
Y YPd= Tooww g/
% Maximum dry density ... Mg/m®
Optimum moisture content ....ecimnine %
Relative dansity .....c.eeerienneecianione
Amount retained on 37.5 test sieve ....... %
&
o
=
=
‘n
c
Qar
o
oy
o
Moisture content (%)
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Form H. Determination of the in-situ density sand-replacoment method
Laboratory: ' Pouring cylinder: Large/Small
Operator: Material:
Job: _ Stabilizer:
Site: Stabilizer content:
Date:
Calibration
Mean mass of sand in cone {(of pouring cylinder) {m,) g
Volume of calibrating container {V) ‘ ' mL
Mass of sand (+ cylinder) before pouring {m,) g
Mean mass of sand (+ cylinder) after pouring (m3)
Mass of sand to fill calibrating container (m3 =my - m3 - m3) g
Bulk density of sand p, = _L‘"/_a_ Mg/m?
Sample No.
Mass of wet material from hole (m,,) g
Mass of sand (+ cylinder) before pouring {m,) g
Mass of sand (+ cylinder) after pouring (m3) g
Mass of sand in hole (my, = ml. ~mg = my) g
Ratio v,
my
. _ My : 3
Bulk density p= —— X p, Ma/m
My
Moisture content container No.
Moisture content (w) %
100p
Dry density pq = Mg/m?
YOS Pd T 00+ w g
—_—
o b
' 90
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Form |. Determination of the in-situ density core-cutter method

Laboratory: - . Date:

Operator: Material:

Job: Stabilizer:

Site: Stabilizer content:

Length of core-cutter: mm Volume of core-cutter: mL

Sample number

Mass of core cutter + wet material (m,) g

'Mass of core cutter (mg) 9

Mass of wet material (mg -~ m¢) g
Mg ~ Mg

Buik density p = v. Mg/rm?

Moisture content container No.

Moisture content (w) %
’ 100p
Dry densi = Mg/m®
ry density py = 100+ w g/m
- —
f’_‘:—_-‘—"’ :\‘

9N
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Form J. Determination of the in-situ density immersion in water method

Laboratory: Date:
Operator: Material:
Job: : Stabilizer:
Site: Stabilizer content:
Density of wax used {pp): g/mL
Sample No.
Mass of stabilized sample (mg) . ) g
*Mass of soaked specimen {m,) g

*Apparent mass of specimen suspended in water (mp) 9

*Mass of surface dry specimen after suspension in

water (m¢) : g
*Volume of specimen (Vs =mg - myp) mL
*Mass of specimen after oven drying (my) g
*Mass of specimen after filling air volcjs {my) g
*Mass of specimen after wax'ing (mw); g
*Mass of wax (m =my - ms) g

* Apparent mass of waxed specimen suspehded in

water (mg) g
* . ¥ m

Volume of specimen V = (my, - mg) - 'p—— mL

P
N ) _ m' . 3 '
Bulk density p = Mg/m
V. ] )
*Dry density pg = LUS Mg/m?
Vs

Moisture content container No.

*Moisture content (w) %
100 m
*Dry density (unwaxed) pg = ~—— x ——— Mg/m?
y density (unwaxed) pq 100+ w) v, g/m
100p
*Dry density (waxed) pg = Mg/m?
‘ Y _ y ( ) Py 100+ w g
*Delate the words or symbols that do not apply.
! \
92"
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Form K. Determination of the in-situ density water-displacement method

. Laboratory: Date:
Operator: Material:
Job: Stabilizer;
Site: _ ) Stabilizer content:
Density of wax used (pp): g/mL .
“Sample No.
Mass of stabilized soil sample (m,) g
*Mass of soaked specimen {m,) g

*Mass of surface dry specimen after immersion in

water {(m.) g
*Mass of specimen_after oven drying (mq) . g-
*Mass of specimen after filling air voids {m¢) g
*Mass of specimen after waxing (my) g
*Mass of wax (m =my, - mf)' . g

MassL of receiver + displaced water (m,) 7 g

Mass of receiver empty (m,) g
*Volume of specimen (unwaxed) (Vy =m, = m;) mL
*Volume of specimen (waxed) Vo =m, - my - 7’:— mL
"Bulk density p = s . Mg/m?.

Vs
*Dry density pq =--7/£ Mg/m?®

Maoisture content container No.

*Moisture content {w) %

100 me

— _'C . 3
Toorw Fv,o  Mem

*Dry density (unwaxed) Pa =

100p
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*Dry density (waxed) py = Mg/m?®
y density (waxed) pg = 765 9
*Delate the words or symbols that do not apply.
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Form L. Determination of the comprassive strength

Laboratory: Material:
Operator: | Stabilizer:

Job: Specimen size:
Site: Specimen shape:
Specimen No,

Method of preparation

Dimensions of specimen mm
Stabilizer content - %
Date made

Date tested

Mass of specimen as prepared (m,) ]

Mass of specimen + wax or curing tin before curing (m3) ¢

Mass of specimen + wax or curing tin after curing (m4) g

Loss of mass during curing {m3 - my) g
*Length of cylindrical specimen (L) . mm
*Mass of specimen after immersion (mgs) g

quirﬁum test load (P) | ' N

Maximum compressive strength (p) MPa

Moisture content container No.

*Moisture content (w) %

*Dry density {0q4) Mg/m®

*Delete the words or symbols that do not apply.

3
! s ——
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Form M. Determination of the effect of immersion in water on compressive strength

Laboratory: Material:
Operator: Stabilizer:

Job: Specimen size:
Site: Specimen shape:
Control specimens

Specimen No.

Date made

Date tested

Compressive strength (MPa)

Moisture content (%)

Dry density (Mg/m?)

Mean compressive strength {Pg)

Immersed specimens

Specimen No.

MPa

Date made

Date tested

_Initial dimensions (mm)

Dimensions after soaking (mm)

Compressive strength (MPa)

Moisture content (%)

Dry density (Mg/m?)

Mean compressive strength (P}

MPa

' RESISTANCE TO IMMERSION (R, = 100P,/Ps) %
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l-;orm N. Determination of the CBR value

Laboratory: Material:
Operator: Stabilizer:
Job: - ' Starting date:
Site: . Date tested:
Specimen No.

Method of preparation

Mould No.
Mass of stabilized material (m,) g
Mass of mould + baseplate {im,) g
Mass of mould + baseplate + material (ms) g
Mass of material {m3 - m;) g
*Mass of assembly after soaking (m4) g
*Mass of material after soaking (my4 - m3) g
" Maximum CBR from plotting chart %
Bulk density (unsoaked) (p) Mg/m?

Moisture content container No.

Moisture content (w)} %
*Dry density {(unsoaked) (pq) Mg/m?
*Dry density {soaked) (pg) Mg/m?3

*Delete the words which do not apply.

—
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Form N. Determination of the CBR value (concluded)
Tin No: Moisture Mean Bearing valuse at
content moisture 25 mm 6.0 mm
content Top %
Bottom %
Penetration of | Force on Penetration of | Force on Penetration of | Force on
plunger plunger plunger plunger plunger plunger
mm Top | Bottom | mm Top | Bottom | mm Top | Bottom
kN kN kN kN kN kN
0.26 2,75 626
0.50 3.00 5.50
0.75 3.26 5,76
1.00 3.60 6.00
1.26 - 3.75 6.25
1.50 4.00 6.50
1.75 4.25 6,76
2,00 450 . 7.00
2.25 4.75 725
2,50 6.00 7.50
35 n ; T T
; : T i
- 2
30—
5= e s =t
: " : = o !
z20 F e e e ety
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Form O. Determination of the cement contont of eément-stabilized materials

Laboratory: Material:
Operator: Site:
Job: Date:

Standardization of the EDTA solution

Mass of calcium carbonate used {C)

Concentration of CaOQ in standard solution (h = C/1.7848)
Mean volume of EDTA solution used (t)

Ca0 equivalent (E}-of EDTA solution (E = 25h/t)

Determination of the cement content

Sample No.

Description of sample™®

Weighing bottle No.

Mass of bottle + oven-dry sample g
Mass of Weighing bottle g
Mass of oven-dry sample (m) g 7
Initial burette reading (/) " mL
Final burette reading (£} ) mL
Volume of EDTA solution titrated (V= £~ /) mL

CaO content of unstabilized material (X =6VE/m) %

CaO content of stabilized material (Y =8VE/m) %

Ca0 content of cement (Z = BVE/m) %

Cement content as percentage of the mass of
the stabilized material C; = (Y - X)/(Z - X) %

Cement content as percentage of the mass of
the natural material C, = 100C, /(100 - Cy) %

*j.e. unstablllzad' material, stabilized material or cement
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Form P, Determination of the lime content of lime-stabilized materials

Laboratory: . Material:
Operator: Site:
Job: Date:

Standardization of the EDTA solution

Mass of calcium carbonate used (C)

" Concentration of CaO in standard solution (A = C/1.7848)
Mean volume of EDTA solfution used (t)
CaO equivalent (E) of EDTA solution (E = 2bA/t)

{a)
{g/L)
{mL)
{(mg/L)

Determination of the lime content

Sample No.

Description of sample®
hY

Weighing bottle No.

Mass of bottle + oven-dry sample g

Mass of weighi;tq bottle g
Mass of aven-dry sample {m) g
Initial burette reading (/) , mL
Final burette reading (f) mL
Volume of EDTA solution titrated (V =f- /) ‘mL

Ca0 content of unstabilized material (X=56VE/m) %

CaO content of stabilized material (Y = 5VE/m) %
CaO content of lime (Z =86 VE/m)
Lime content as percentage of the mass of
the stabilized material L; = (Y - X)/{Z - X) %
Lime content as percentage of the mass of
the natural material L, = 100C, /(100 - Cy) %
*1.e. unstabilized material, stabilized material or lime
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Form Q. Determination of the initial consumption of lime -

L.aboratory: - Material:
Operator: Site:
Job: Date:
Calcium hydroxide ~ Lime used in test

pH of saturated solution
Temperature { °C)
pH corrected to 25 °C

Lime content %

pH value of suspension

Temperature °c

pH corrected to 256 °C
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for telephone enquires is 0908 220022 and for telex 825777, ’
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