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8BS 1377 : Part4: 1930

Foreword

This Partof BS 1377 has been prepared uncer the direction of the
Road Engireering Stancards Policy Committee. Itis a revision of
clause 4 of BS 1377 : 1375 which is supsrseded by
amendment. BS 1377 was first published in 1948 and first

appeared
revisedin

inmetricformin 1975.BS 1377: 1975is now being
nine separate Parts, the comzlste revision

eventually comprising the following Pa~s.

Part 1.
Part 2.
Part 3.
Part 4.
Parts.:
Part 8.

Part 7.
Part 8.
Part 9.

Reference

General requirements and szmole preparation
Classification tests

Chemical and electro-chemica! tests
Compaction-ralated tssts

Compressibility, permeability and durability tests
Consolidation and permeabilizy tests in hydraulic
cells and with pore pressure mzasurement

Shear strength tests (total strzss)

Shear streng:h tests {affectivs stress)

In-situ tests

should be made to Part 1 of 35 1377 for further

information about each of the Parts.

The following methods of tast, additionzi to those descrived
in the 1975 standard, have been introduzad.

Determination of the maximum anc minimum densities
of granular soils.

Determination of th2 moisturs conc = on valus.

In the dry
California

Cznsity moisture relationshis t2sts, and the
Bzaring Ratio (CBR) test, sarmzie preparation

procedurasnave beensstoutin more dz:zilthan before, with

explanato

ry flow diagrams.

It nas been zssumed in the drafting of t~'s British Standard
thzt the exscution of its provisions is entrusted to
appropriately qualifiec and experiencec sersonnal, for
whose guidance it has been prepared.

Compliance with a British Standard does not of itself confer

immunity

from legal obligations.



Amendment No. 1
published and effective from 15 January 1995
to BS 1377 : Part 4 : 1990

Methods of test for soils for civil engineering purposes
Part 4. Compaction-related tests

Revised text

Foreword

In paragraph 1 delete the last sentence and
substitute the following

"BS 1377 : 1975 which has now been withdrawn is
replaced by the following Parts of BS 1377 : 1990:".

AMD 8259/January 1995

Clause 3.7.2.2
In line 2 delete "750 W and substituze ‘800 W' In
line 3 delete "45 Hz' and substitute 50 Hz .

AMD 3259/January 1995

Clause 3.7.3.2 Material

Delete the second sentence and subsritute the
follewing,

‘The grading shall be such that at leat‘ 75 7 passzes
the 300 um sieve and is retained on the 125 am

test sieve and 100 7z passes the 850 .m test sieve
and is retained on the 300 um test sisve. Dryv and
not previously used sand shall be used This sand

shall be sieved through a 600 um te est s' eve and
the coarse fraction shall be discarded.’

AMD 8259/January 1995

ter ‘basepliate’ insert ‘and extension’.

AMD 8259/January 1995

AMD 3259

B/526/3
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Clause 3.7.5.1.8

In line 1, after ‘baseplate’ insert ‘and extension’.

AMD 8259/January 1995

Clause 3.7.6.1

In the definitions of m, and m, after ‘baseplate’ insert ‘and extension’.

AMD 8259/January 1995

Clause 5.2.1

In paragraph 5 of item (b) delete ‘*at least
0.05 mm thick’ and delete the footnote.

In item (c) delete the final paragraph and
substitute the following.

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

Delete paragraph 2 of item (d) and insert the following note below paragraph 1.
‘NOTE. An automatic counter to indicate the number of
times that the rammer has been released can be provided.’

AMD 8259/January 1995
New clause 5.3.1.4
After 5.3.1.3 insert the following new clause.

‘5.3.1.4 The separating disc shall be of such a size
that it will pass freely through the bore of the
mould. Any disc oversize shall be discarded.’.

AMD 8259/January 1995

Clause 7.2.2.4

In line 1, delete ‘150 + 5 mm’ and substitute
‘150 + 0.5 mm’.

AMD 8259/January 1995

Figure 2. Flow chart representing sample preparation methods
for compaction tests

Delete figure 2 and substitute the attached new
figure 2.

NOTE. In the box headed *37.5 mm’ the heading has been
amended to0 ‘- 37.5 mm" and in the same box ‘Exceeding 5%’
has been deleted.

AMD 8259/January 1995
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Form 4.A Dry density/moisture content relationship (rammer)

Delete the formula for bulk density and substitute the following.
. g — My
‘Bulk density p = — ’

AMD 8259/January 1995

Form 4.B Dry density/moisture content relationship (vibration)
In rows 8 and 9, after ‘base’ insert ‘and extension’.

In row 9 delete ‘collar’.

AMD 8259/January 1995
Form 4.C Moisture condition

In the box headed ‘Single sample/separate batches*’ delete ‘Moisture content g’ and substitute
‘Moisture content %’.

AMD 8259/January 1995

Form 4.F California Bearing Ratio test

In the two central boxes reposition the row headed

Top Bottom Top i Bottom

above the first row of values.

AMD 8259/January 1995
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BS 1377 : Part4 : 1990

Methods

1 Scope

This Part of BS 1377 describes methods of test for
determining characteristics related to the compaction of
soils, which can be used as a basis for specifying
requirements for soils compacted in the field.

This Part also includes a method for assessing an empirical
strength criterion (the CBR value) of a compacted or
undisturbed soil used as a sub-grade material for pavement
construction.

Reference is made to some of the classification tests
described in BS 1377 : Part 2.

Reference is made to BS 1377 : Part 1 for genera!
requirements that are relevant to all Parts of this standard,
and for methods of preliminary preparation of soil for testing.

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

2 Definitions

Forthe purposes of this Part of BS 1377, the definitions given
in BS 1377 : Part 1 apply.

3 Determination of dry density/moisture
content relationship

3.1 General

3.1.1 Principle. Compaction of soil is the process by which
the solid particles are packed more closely together, usuaily
by mechanical means, thereby increasing the dry density of
the soil. The dry density which can be achieved depends on
the degree of compaction applied and onthe amount of water
present in the soil. (The terms used in compaction tests are
illustrated in figure 6.) For a given degres of compaction of &
given cohesive soil there is an optimum moisture content at
which the dry density obtained reaches a maximum value.
For cohesionless soils an optimum moisture content might
be difficult to define.

NOTE. For some highly permeable soils such as clean gravels,
uniformly graded and coarse clean sands, the results ofthe la boratory
compaction test may provide only & poor guide for specifications on
field compaction. The leboratory 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 obtzined in the field. For these soils one of the
maximum dry density tests described in clause 4 would be more
appropriate.

The objective of the tests decribed in this clause is to obtain
relau’onships between compacted dry density and soil
moisture content, using two magnitudes of manual
compactive effort, or compaction by vibration.

3.1.2 Typesoftest. Three types of compaction test are
described, each with procedural variations related to the
nature of the soil. The first isthe light manual compaction test
inwhich a 2.5 kg rammer is used. The second is the heavy
manual compaction test which is similar but gives a much
greater degree of compaction by using & 4.5 kg rammer with
g greater drop on thinner layers of soil.

For both these tests a compaction mould of 1 L internal
volume is used for soil in which all particles pass 2 20 mm
test sieve. If there is a limited amount of particles up to

37.5 mm size, equivalent tests are carried out in the larger
California Bearing Ratio (CBR) mould.

NOTE 1. Specifications for compaction by rammer in the C8R mould
are based onthe same compactive efiort perunitvolume cfsoil asin
the 1L compaction mould. The verizble effects of side wz! friction
might resultin differences between the densities achieved in the two

moulds. For a series of tests on a particular soil, one size ¢f mould
should be used consistently.

NOTE 2. I more than 30 % of maerizl is retained on z 20 —m tes:
sieve the material is too coarse to b= tested.

The third type of test makes use of a vibrating hammer, and
is intended mainly for granular soils passing & 37.5 mm test
sieve, with no more than 30 % retained on a 20 mm test
sieve.The soil is compacted into a CBR mould.

For each type of test, alternative procedures depend on
whether or not the soil contains particles susceptibie to
crushing during compaction. Methods of sampie preparation
covering most possible requirements are described in 3.2.

~ Test procedures are described separately in 3.310 3.7.

The compaction procedures are summarized intable 1.

Table 1. Summary of compaction procedures {
Testprocedure Mass of Soil particles i Typeof |
clause rammer susceptible | mould
reference tocrushing | used
kg . | ‘

33.4.1 2.5 L)

| Jno (a) L
3.5.4.1 4.5 ro)
3.34.2 ) ;

I )yes (b) 1L
3.5.4.2 45 Do)
344 25 i)

f }no (a) CBR
3.6.4.1 45 L)
3442 2.5 )

[ )yes (b) CBR
3.6.4.2 45 ;)
3.7.51 {vibrating | no (a) !

hammer) CBR

3.75.2 i ves (b)
1L =1L compaction mould, as described in 3.3.2.1.
CBR = CBR mould, as described in 7.2.2.2.
(a) and (b) refer to methods in table 2.

3.2 Preparation of samples for compaction tests

3.2.1 General. The method of preparation of samples for
these tests, and the quantity of soil required, depend on the
size of the largest particles presentand on whether or not the
soil particles are susceptible to crushing during compaction.
The ascessment of these factors is coveredin3.2.2.

Forsoils containing particles not susceptible to crushing, one
semple only is required for test and it can be used several
times efter progressively increzsing the amount of water.



* (EEn

5

¥

Relevant sample preparation methods are described in 3.2.4

and 3.2.5.

For soils containing particles that are susceptibleto crushing,
itis necessary to prepare separate batches of soil at different
moisture contents, each forcompacting once only, otherwise
the characteristics of the materiai will progressively change
gfter each epplication of compaction. Censeguently, a much
larger sample is required. Relevant sample preparation
methods are described in 3.2.6 and 3.2.7.

For stiff, cohesive soils which need 1o be shredded or
chopped into small lumps, the result of & compection test
depends on the size of the resulting pieces. Furthermore, the
densities obtained in the test will not necessarily be directly
releted to densities obtained in situ. The methoc used for
brezking down cohesive soil, and the size of pieces obtained,
shcuidberecorded. Suggested methods are (o shredthe soil
so thetit could pass through a 5 mm test sieve, orto chop it
intc pieces, €.3. to pass a 20 mm test sigve.

The requirerents of Part 1 of this stancerd, whers
appropriate, shall apzly to this test method.

3.2.2 Preliminary asszssment. The initial soil semple for

testing shall be obtained in accordance with the procedure
described in 7.6.110 7.6.3 of BS 1277 : Part 1 - 18¢0. The
procedures to be used for sample preperaticn enc for 3
cerrying out the compaction test shall be selectec on the

besis of the following zssessm

(g) Ascertzin whether the soii partic!

ent
ent.

€s are susceptible to

3.
20 mm, with receiver.

crushing during compaction. If in doubt gssume that they
are susceptible.

NOTE. Tne scil shouic be considered susceptible to crushing
during compaction if the sample contains granuler material of &
soft nature, e.g. soft limestone, sandstone, etc., which would be

reducedinsize by the action ofthe 2.5 kg remmer. The procecure €.
material to be used.

Cescribed in 3.3.4.2,3.4.4.2,35.42, and 3.6.4.2 fcr scils
susceptible to crushing during cempacticn shouid be zpplied to
&ll soilsif itis practiczble to do sc.

BS 1377 : Part 4 : 1990

(b) Determine the approximate percentages (to an
accuracy of + § %) by mass of particles in the soil sample
passingthe 20 mm and 37.5 mm test sieves. lf the material
used for this assessment is to be used for the compaction
testitshall notbe dried, and the dry mass of soil finer than
20 mm mey be determined by measuring the moisture
content using a representative poriicn, If enougn soil is
available to meetthe requirements of cizuse 9 0f BS 1377
Part 2: 1930 a separate sample may be used for this
sieving operation.

{c) On the basis of these percentages ine scil can be
assigned to one of the grading zones i1 t0 (5} in tzble 2,
which are also shown diagrammatica!ty in figure 1. 1f &
gracing curve passes through more t2zn ore zone the
highest-numbered zone applies. A scii with 2 graeding

. turve passing through zone X is not s.'tzbie for these

tests.
!d} The method of sample preperatics the minimum
mass ofscil required, and the type of ~culc to use forthe
compaction test are indicated in table 2. which tzkes
account of the above factors.
e) The selection of methods is zlso smown inine form of
1
i

!
1
& flow chartin figure 2.

2.3 Appszratus

2.3.1 Test sieves, with aperture sizes 83 mm 37 Imm,

3.2.3.2 Abszlencereadable to 5 a.
3.2.3.3 Abslencerezdable to 1 S

3.2.3.4 Acorrosion-resistant metzlor igstics tray with sides,
p Y

€. 2bout 80 mm deep, of a size suitzbie ‘or the quantity of
g p

Table 2. Summary of sample preparation methods

Grading| Minimum Preparation i Minimum mass Type of |
zone percentage procedure | of prepared mould
passing test clause | soil required used
sieves reference 3
| |
20mm| 37.5 mm]| {(a) i (b) i {a) (b}
H i
(1) 100% | 100% 3.241132611) kgl ke
| [y 6|15 1L
(2) S5 100 3242 3.26.2 ! )
(2) 70 100 3.25.1 1' 327.1])
1)
(4) 70 85 3.2.5.2] 3.2721) 151 40 CBR
)
(5) 70 S0 3.253 132737
(X) | tess less
! than than (Tests not applicable)
| 70 20

(&) Soil particles not susceptible to crushing during compaction,

(b) Soil particles susceptible to crushing curing compacticn,
1 L= one-litre corrizaction mould.
CER = CER mould.

W

|
|
|

‘HEL“*——““_



BS 1377 : Part4 : 1990

3.2.3.5 Alarge metal scoop.
32.3.6 A palette knife or spatula.
3.2.3.7 Watertight containers, e.g. strong polythene bags.

3.2.3.8 Apparatus for determination of moisture content as
described in 3.2 of BS 1377 : Part 2 : 1890.

3.2.3.9 Animplement for shredding stiff, cohesive soil.

3.2.4 Preparation of soils not susceptible to crushing for
compaction in 1 L mould.

3.2.4.1 Grading zone (1) for soils passing the 20 mm test
sieve.

3.2.4.1.1 Prepare and subdivide the initial sample by the
procedures described in 7.6 of BS 1377 : Part 1: 1980 to
produce a representative sample of about 6 kg of the soil.

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

NOTE 1. The amount of water to be mixed with soil at the
commencement of the test wiil vary with the type of soil under test.
In general, with sandy and graveliy soils a moisture contentof4 % to
6 % would be suitable, while with cohesive soils a moisture content

about8 % to 10 % below the plastic limit of the soil would usuazily be
suitable.

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

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

3.2.4.1.4 If the soil is cohesive, seal in an airtight container
and store for at least 24 h.

3.242. Grading zone (2) for soils passing the 37.5 mm test
sieve with at least 95 % passing the 20 mm test sieve

3.24.2.1 Weighto 0.1 % by mass the whole sample and
record the mass.

32422 Remove and weigh to 0.1 % by mass the material
retained on the 20 mm test sieve.

NOTE. The removal of small amounts of stone {up to 5 %) retained
ona20 mm testsieve is likely to affect the density obtainable only by

amounts comparable with the experimental error involved in
measuring the maximum dry density.

3.24.2.3 Subdivide the finer material and proceed as
described in 3.2.4.1.

Alternatively, the whole sample can be used as described
in3.2.5.1 for compaction in a CBR mould.

3.2.5 Preparation of soils not susceptible to crushing for
compaction in CBR mould

3..2.5.1 Grading zone (3) for soils passing the 37.5 mm test
sieve with 70 % to 85 % passing the 20 mm test sieve

Prepare and subdivide the initial sample using the procedure
described in 7.6 of BS 1377 : Part 1: 1990 to produce a
representative sample of about 15 kg of the soil, otherwise
proceed as described in 3.2.4.1.

3.2.52 Grading zone (4) for soils containing at least85 %
passing the 37.5 mm test sieve and at least 70 % passing the
20 mm test sieve

3.2.5.2.1 Weigh the whole sample and record the mass.

3.2.5.2.2 Remove and weigh the material retained on the
37.5 mm test sieve.

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

3.2.5.2.3 Subdivide the finer material to produce a 25 kg
sample, otherwise prcceed s described in 3.2.4.1.

3.2.5.3 Grading zone (5) for soiis with 90 % t0 85 % passing
the 37.5 mm test sieve, and at least 70 % passing the 20 mm
test sieve

3.2.5.3.1 Weigh the soil sample.

3.2.5.32 Remove and weigh the material retained on the
37.5 mm test sieve.

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

NOTE. The substitution of lzrge particles by smaller, similar particles
i generally considered to give dry densities in the laboratory test
which compare reasonably vell with these obtained in the field.
Alternatively the coarser material can be removed forthetestand a
correction applied to the maximum dry density based on the
displacement of the soil matrix by stones of known particle density.

3.2.5.3.4 Subdivide the material to produce a sample of
approximately 15 kg of the soil, otherwise proceed as
described in 3.2.4.1.

3.2.6 Preparation of soils susceptible to crushing for
compaction in1L mould

3.2.6.1 Grading zone (1) for soils passing the 20 mm test
sieve

3.2.6.1.1 Subdivide theinitial sample to produce five or more
representative samples, each of about 2.5 kg, using the
procedure described in 7.6 of BS 1377 : Part 1 : 1890.

3.2.6.12 Mix each sample thoroughly with a different
amount of water to give a suitable range of moisture contents
(see notes 1 and 2 to 3.2.4.1.2). The range of moisture
contents shall be such that at least two values lie either side
of the optimum at which the maximum dry density occurs.
NOTE. The water added to each sample should be such that a range
of moisture contents is obtained which includes the optimum
moisture content. In general, increments of 1 % to 2 % are suitable
for sandy and gravelly soils and of Z % to 4 % for cohesive soils. To
increase the accuracy of the test it mignt be desirable to prepare
samples with smaller increments of water in the region of the
optimum moisture content.
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3.2.6.1.3 If the soil initially contains more water than is
required for the compaction at the lower moisture contents,
allow these samples to partially dry to the desired moisture
contents, and mix thoroughly.

3.2.6.1.4 Ifthesoilis cohesive seal each sampiein an airtight
container and store for at least 24 h.

3.2.6.2 Grading zone (2) for soils passing the 37.5 mm test
sieve with at least 95 % passing the 20 mm tast sigve

3.2.6.2.1 Weigh the whole sample and record the mass.

3.2.6.2.2 Remove and discard the material retained on the
20 mm test sieve (see note 10 3.2.4.2.2).

3.2.6.2.3 Subdivide the finer material, and proceed as
Czscribedin 3.2.6.1.

Aiternatively, the whole sample can be used 2s described
in 3.2.7.1 for compactionin a C8R mould.

3.2.7 Preparation of soils susceptible to crushing for
compaction in C8R mould

3.2.7.1 Grading zone (3] for soil passing the 37.5 mm tesr
sizve with70 % to 95 % passing the 20 mm tast sisve
Subdivide the initial sampla to produce five or more

eszntative samples each of approximatsly 6 kg using the
ced.re described in 7.6 of BS 1377 : Part 1 : 1980,
erwise proceed as descrined in 3.2.6.1.

3.2.7.2 Grading zone (4i for s0ils containing
s 7

3.2.7.2.1 Weigh the whole sample and record the mass.

3.2.7.2.2 Remove and weaigh the material retzined on the
37.5 mmtest sisve (see note 10 3.2.5.2.2).

32.7.2.3 Subdivide the finar material, and proceed as
czscritedin3.2.7.1.

3.2.7.3 Grading zone (5) for soils containing 30 % 0 95 %
pessing the37.5 mm test sieve, and at least 70 % passing the
20 mm test sieve

3.2.7.3.1 Weigh the soil sample.

3.2.7.3.2 Remove and weigh the material retained on the
37.5 mm test sieve.

3.2.7.3.3 Replace this matarial by the same quantity of

materizl of similar characteristics which passes the 37.5 mm
sieve and is retained on the 20 mm test sieve. (See note
2.5.3.3).

rest
10 3.
3.2.7.3.4 Subdivide the materialto produce five or more 6 kg
samples of the soil, otherwise proceed as describedin3.2.6.1.

3.3 Method using 2.5 kg rammer for soils with particles up
to medium-gravel size

3.3.1 General. This test covers the determination of the dry
density of soil passing a 20 mm test sieve when it is
compacted in a specified manner over a range of moisture
contents. The range includes the optimum moisture content

8S 1377 : Part 4 : 1930

at which the maximum dry density for this degree of
compaction is obtained. In this test a 2.5 kg rammer falling
through a height of 300 mm is used to compact the soil in
three layersinto a 1 L compaction mould.

The requirements of Part 1 of this standard, where
appropriate, shall apply to this test method.

3.3.2 Apparatus

3.3.2.1 Acylindrical, corrosion-resistant metal mouldi.e. the
compaction mould, having a nominal internal volume of 1 L.
The mould shall be fitted with a detachable baseplate and a
removable extension. The essential dimensions are shown in
figure 3 which also indicates one suitable design of mould.
Theinternal faces shall be smooth, ciean and dry before each
use.

3.3.2.2 Ametal rammerhaving a 30 = 0.5 mm diamater
circular face, and weighing 2.2 kg = 25 g. The rammear shall
be squipped with a suitable arrangament for controlling the
height of drop t0 300 = 3 mm. One suitable form of hand
apparatus is shown in figure 4.

NOTE. A motorized form of the apparatus may be usad providedthat
the essential dimensions of the ramms+ 2nd moulid are adherad 1o,
anc provided thattha density achieved is within = 2 % oftha
2 machine should &

s

acnieved by using the hand rammer. 2 ﬁrrr;iy
supporizd on 3 heavy solid base such 23 2 concrata floor or plirth.
3.3.2.3 Abalancereadablato 1.

3.3.2.4 Apalsnts knife or spatuls.

3.3.25 Astraightzdge, 2.g. a stee! strip about 300 mm long,

25 mm wide, and 3 mm thick, with ane bevellad edge.

3.3.2.6 Testsieves, of aperture sizes 37.5 mm and 20 mm
and a receiver.

3.2.2.7 Acorrosion-resistant metz! or plastics tray with sides,
2.g. 2bout 80 mm deep, of a size suizable for the quantity of
matsrizl 1o be usad.

3.3.2.8 Apparatus for moisture content determination, as
descrited in 3.2 0 BS 1377 : Part 2 : 1590.

3.3.2.9 Apparatus for extracting scscimens from the mould
{optional).

3.3.3 Preparation of sample. Prepars the test sample as
described in 3.2.4.1,3.2.4.2,3.2.6.15r3.2.6.2 as appropriate.

3.3.4 Procedure

3.3.4.1 Compaction procedure for soil particles not
susceptible to crushing

3.3.4.1.1 Weigh the mould with baseplate attached
to1glm).
Measure the internal dimensions tc 0.1 mm.

3.3.4.1.2 Attach the extension to the mould and place the
mould assembly on a sclid base, 2.3. a concrete floor or
plinth. :

3.3.4.1.3 Place a quantity of moist soil in the mould such that
when compacted it occupies a little over one-third of the
height of the mould body.
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3.3.4.1.4 Apply 27 blows from the rammer dropped from a
height of 300 mm above the soil as controlled by the guide
tube. Distribute the blows uniformly over the surface and
ensure that the rammer always falls freely and is not
obstructed by soil in the guide tube.

3.3.4.1.5 Repeat 3.3.4.1.3 and 3.3.4.1.4 twice more, so that
the amount of soil used is sufficient to fiil the mould body,
with the surface not more than 6 mm proud of the upper edge
of the mould body.

NOTE. It is necessary to cortrol the total volume of soil compacted,
since it has been found that if the amount of soil struck o after

removirg the extension is (oo great, the test results will be inaccurate.

3.3.4.1.6 Removehe exiznsion, strike off the excess soil and
lzvel off the surface of the compacted soil carefully to the top
of the mould using the straightedge. Replace any coarse
carticles, removed in the levelling process, by finer material
from the sample, well pressed in.

3.3.4.1.7 Weightha soil and mould with baseplateto 1 g (m,).

3.3.4.1.8 Remove the compacted soil from the mould and
placeitonthe metaltray. Take a representative sample of the
soil for determination of its moisture content as dascribed
in3.20fBS 1377 : Part 2 : 1990.

3.3.4.1.8 Break up the remainder of the soil, rub it through
tn2 20 mm test sigve and mix with the remainder of the

orepared test samole.

3.3.4.1.10 Add a suitabiz increment of water and mix
thoroughly into the soil.

NOTE. Thewater adced for szch stage of the tast shoutd bz such that
arznge of moisture conterts 's obtained which includes th2 optimum
Toisture content. In genarzi, increments of 1 % 10 2 % ara sutadle
for sandy and gravelly soiis and of 2 % to 4 % for cohesive soils.
Toincrezsethe accuracy of in2 testitis often advisable to reduca the
-nerements of water in the region of the optimum moisturs content.

3.3.41.11 Repear3.3.4.1.3103.3.4.1.10 10 give a total of at
‘east five determinations. The moisture contents shall be
such that the optimum moisture content, at which the
maximum dry density occurs, lies near the middle of the
range.

3.3.4.2 Compaction procedure for soil particles susceptible
to crushing

3.3.4.2.1 Weigh, measurz and prepare the mould as
describedin 3.3.4.1.1and 3.3.4.1.2.

3.3.4.2.2 Carry outacomoactionteston each ofthe prepared
samples as described in 3.3.4.1.3103.3.4.1.8.

3.3.4.2.3 Discard the remainder of sach compacted sample.

3.3.5 Calculations, plotting and expression of results (see
form 4.A of appendix Al

3.3.5.1 Calculate the internal volume, V{in cm?), of the
mould.

3.3.5.2 Calculate the bulk density, p (in Mg/m?), of each
compacted specimen from the equation
My = my
D = o——
v

where
my is the mass of mould and baseplate {in g);

m, is the mass of mould, baseplate and compacted soil
{in g).

3.3.5.3 Calculate the dry density, p. (in Mg/m?), of each
compacted specimen from the equation

100,
100 + w

where

wis the moisture contant of the s0il {in %).

3.3.5.4 Plot the dry densities obtained from a series of
determinations 3s ordinates against the corresponding
moisture contents as abscissae. Draw a curve of bestfitto the
plottad points and identify the position of the maximum on
this curve. Read off the values of dry density and moisture
conient, to three significant figures, corresponding to that
point. (See figure 6.)

NOTZ. The maximum may liz between two observed points but when
drawing the curve, care should be taken not to exaggarate its peak.

3.3.5.5 Onthesamegraph, plotthacurves corresponding to
0%,5 % and 10 % air voids, calculzted from the equation
-— va
100

whers

p. isthe dry density {in Mg/m®:;

o5 isthe particle density {in Mg m®);

p. isthedensity of waierlin Mg m?), assumed equalto 1:

V. is the volume of air voids in the soil, expressad as a
nercentage of the total volumz of the soil fsqual to O %,
5%, 10 * for the purpose o7 this plot);

W 15 the maisture contant {in °: .

(Seefigure 5.)

3.3.6 Testreport. Thetestraportshall affirm thatthe testwas
carrizd outin accordance with this Part of this standard ancd
shall contain the following informzzion:

{a} the method of test used;

(b} the sample preparation procadure, and whether a
single sample or separate sampi=s were usad. In the casz
of stiff, cohesive soil the size of zizces to which the soil
was broken down shall be stated:; .

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

{d) thedry density corresponding to the maximum dry
density on the moisture content dry density curve,
reported as the maximum dry density to the nearest 0.01
{in Mg/m?);

{e) the percentage moisture contentcorresponding to the
maximum dry density on the moisture content/dry density
curve reported as the optimum moisture content to two
significant figures;
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{f) the amount of stone retained on the 20 mm and
37.5 mm test sieves reported to the nearest 1 % by dry
mass;

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

{h) theinformation required by 9.1 0f 8S 1377 : Part 1 -
1390.

3.4 Method using 2.5 kg rammer for soils with some coarse
gravel-size particles

3.4.1 General. This test covers the determination of the dry
density of soil containing some coarse gravel when itis
compacted in a specified manner over a range of moisture
contents. The range includes the optimum moisturs content
atwhich the maximum dry density for this degree of
compaction is obtained. In this test a 2.3 kg rammear falling
through a height of 300 mm is used to compact the soil in
three layersinto a CBR mould.

Thetestis suitable for scils containing no more than 20 % by
mass of material retainzd on the 20 mm :2st sieve, which may
include some particles retained on the 37.5 mm tast sieve.
NOTE. This method may also be used for firer soils which would
normaily be compacied in the 1 L moulc wi itisrequired to
perform a CBR test {see 7.4} on the compactad soil at e2en Mmoisturs

content,

The requirements of Part 1 of this stanczrd, whera
appropriate, shall apply to this test mer~og.

3.4.2 Apparatus
3.4.2.1 Acylindrical, corrosion-resistant, metal mould, i.e.

the CBR mould, with a detachanle basepiateand a removable
axtension as described i 7.2.2.2.

3.4.2.2 Ahandormotorized, mstal rarnmar, having 250 mm
diameter circular face, and waighing 2.5 g, as dzscribed in
3.3.2.2.

3.4.2.3 Abalance readableto 5 g.
3.4.2.4 Alarge scoop.
3.4.2.5 Otheritems as specified in 3.3.2.4 t0 3.3.2.9.

3.4.3 Preparation of sample. Prepare tha test samale as
described in 3.2.5.1,3.2.5.2,3.2.5.3,3.2.7.1,3.2.7.20r 3.2.7.3
as appropriate.

3.4.4 Procedure

3.44.1 Compaction procedure for soil particles not
susceptible to crushing

3.4.4.1.1 Weigh the CBR mould with baseplate attached, to
5g(m-).

Measure the internal dimensions to 0.5 mm.

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

3.4.4.1.3 Place a quantity of moist soil in the mould such that
when compacted it occupies a little over one-third of the
height of the mould body.
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3.4.4.1.4 Apply 62 blows from the rammer dropped from a
height of 300 mm above the soil. Distribute the blows
uniformly over the surface and ensure that the rammer
always falls freely and is not obstructed by soil in the guide
tube.

3.4.4.1.5 Repeat 3.4.4.1.3 and 3.4.4.1.4 twice more, 50 that
the amount of soilis sufficientto fill the mould body, with the
surfzce not more than 6 mm proud of the upper edge of the
mouid body.

NOT=.
sincs

remcy

Tis necessary to control the total volume of soil compactag,
nas been found that if the amount of soil struck off zfter
‘~gthe extensionistoo great, the test results will be inaccurata.

3.4.4.1.6 Removethe extension, strike off the excess soil and
leval off the surface of the compacted soil carefullyto the top
of the mould using the straightedge. Any coarse particlas
remeved in the levelling process shall be replaced by finer
matzrizl from the sample, well pressed in.

3.4.4.1.7 Weighthe soil and mould with baseplate 10 g{m;).

3.4.4.1.8 Remove the compactad soil from the mould and
piace tonthe metal tray. Take a represantative sample of the
soil for determination of its moisture contant as describad

in3.20fBS 1377 : Part 2: 1950.

3.4.4.1.9 Break up the remaincer of the soil, rub it through
the 22 mm or the 37.5 mm test sieve and mix with the
remz nder of the prepared test sample.

3.44.1.10 Add a suitable increment of water and mix
thorcugnly into the soil.

NOTE Thewater added for 22ch stage of the test should be such that
ara~g2of moisture contentsis obtzinad which includes the optimum
moisi.r2 content. In general, incramanis o0 % %5 t0 2 % ar

He]

such tnat the optimum moisture content, at which ne
imum dry density occurs, liss near the middle of the

3.4.4.2 Compaction procedurs for soil particles susceptible
to crushing

3.4.4.2.1 Weigh, measure and prepare the C8R mould =5
described in 3.4.4.1.1and 3.4.4.1.2.

3.4.42.2 Carryoutacompaction teston sach of the oreparsc

3.4.4.2.3 Discard the remainder of each compacted sample.

3.4.5 Calculations, plotting and expression of results.
Procesd as described in 3.3.5.

3.4.6 Testreport. The test report shall comply with 3.3.6.

3.5 Method using 4.5 kg rammer for soils with particles up
to medium-gravel size

3.5.1 General. This test covers the determination of the dry
density of soil passing a 20 mm test sieve when itis
compacted in a specified manner over a range of moisture
contents. The range includes the optimum moisturs content
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at which the maximum dry density for this degree of
compaction is obtained. In this test the compactive effort is
greater than in that described in 3.3, the mass of the rammer
being increased to 4.5 kg, the height of fall to 450 mm, and
the number of compacted layers from three to five. The same
1 Lcompaction mould is used.

The requirements of Part 1 of this standard, where
approprizate, shall apply to this test method.

3.5.2 Apparatus

3521 A cy/indrfca/corros/on-resisranrmeta/mou/a’, i.e.the
1 Lcompaction mould, as specified in 3.3.2.1.

3.5.2.2 A metal rammer, having a 50 = 0.5 mm diame-er
circuler face, and weighing 4.5 kg = 50 g. The remmer shall
be equipped with a suitable arrangement for controlling the
height of drop to 450 = 4 mm. One suitable form of hznd
apparatus is shown in figure 5.

NOTE. A motorizec form of the apparatus may beused ooovices thet
the essentizl dimensions of the rammer znd moulc are achersd to,
and provided that the density achieved is within = 2 % o the density
achieved by using the hand rammer. The machine shouid be
supoorizZ on a heavy solid base such as & concrete floor or piinth.

3.5.2.3 Ctheritemns, as specified in 3.3.2.3 0 3.3.2.8.

3.5.3 Freparation of soil. Prepare the test semple as
described in 3.2.4.1,3.2.4.2,3.2.6.1 0r 3.2.6.2 as gpproprigie.

o]

3.5.4 Procedure

3.5.4.1 Compaction procedure for soil particles not
susceptible to crushing

2.5.4.1.1 Weigh the mould with baseplate attached to 1 g
{m,).

Measure the internzl dimensions to 0.1 mm.

3.5.4.1.2 Attach the extension to the mould and place the
mould assembly on a solid base, €.g. a concrete fioor or
plinth.

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

3.5.4.1.4 Apply 27 blows from the rammer dropped from &
height of 450 mm zbove the soil as controlled by the guide
tube. Distribute the blows uniformly over the surfzce and
ensure that the rammer always falls freely and is not
obstructed by soil in the guide tube.

354.1.5 Repeat3.5.4.1.3 and 3.5.4.1.4 four more times, so
that the amount of soil used is sufficient to fill the mould
body, with the surface not more than 6 mm proud of the
upper edge of the mould body. (See note to 3.3.4.1.5)

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

3.5.4.9.7 \Weighthe soil and mould with baseplateto 1 g (m.).

3.5.4.1.8 Remove the compacted soil from the mould and
placeitonthe large metal tray. Take a representative sample
of the soil for determination of its moisture content as
described in 3.2 of BS 1377 : Part 2 : 1980.

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

3.5.4.1.10 Add a suitablie increment of water ‘see note
10 3.3.4.1.10) and mix it thoroughly into the soil.

3.5.4.1.11 Repeat3.5.4.1.3103.5.4.1.10 to give a total of at
least five determinztions. The moisture contents shall be
such that the optimum moisture content, at which the
maximum dry density occurs, lies near the middie of the
range.

3.8.4.2 Compaction procedure for soil particles susceptible
to crushing

3.5.4.2.1 Weigh, measure and prepare the mculd as
described in 2.5.4.1.1and 3.5.4.1.2.

3.5.4.2.2 Caryoutacompaciiontestoneach of the prepared

3.5.4.2.3 Discard the remaincer of ezch comzzcted semple.

3.5.5 Calculations, plotting and expression ¢7 results.
Proceed as described in 3.3.5.

3.5.6 Testreport. The testrepon shall comply with 3.3.6.

3.6 Method using 4.5 kg rammer for soils with some coarse
gravel-size particles

3.8.1 Generz!l. This test covers the determination of the dry
gensity of soil contzining some coarse gravel when it is
compacted in a specified manner over a range of moisture
contents. The range includes the optimum maisture content
et which the maximum cry density for this degree of
compaction is obtained. In this test the compaective effort is
greater than in that described in 3.4, the mass of the rammer
being increased to 4.5 kg, the height of fall to 450 mm, and
the number of compacted layers from three to five. The soilis
compacted into @ CER moulc.

Thetestis suitable for soils containing no more than 30 by
mass of material retained on the 20 mm test sieve, which may
include some particles retained on the 37.5 mm test sieve.
(See note to 3.4.1.)

The requirements of Part 1 of this standard, where
appropriate, shall apply to this test method:

3.6.2 Apparatus

3.6.2.1 Acylindrical, corrosion-resistant metal mould, i.e.the
CBR mould, as described in 7.2.2.2.

3.6.2.2 A hand or motorized metsl rammer weighing 4.5 kg,
as described in 3.5.2.2.

3.6.2.3 Abaiancereadableto 5 g.
3.6.2.4 Alsrge scocp

3.6.2.5 Otheritems es specified in 3.3.2.4103.3.2.9.
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3.8.3 Preparation of sample. Prepare the test sample as
described in 3.2.5.1,3.2.5.2,3.25.3,3.2.7.1,3.2.7.20r3.2.7.3
as appropriate.

3.6.4 Procedure

3.8.4.1 Compaction procedure for soil particles not
susceptible to crushing

3.6.4.1.1 Weigh the mould with baseplate attached to 5 g
{m).

Measure the internal dimensions to 0.5 mm.

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

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

3.6.4.1.4 Apply 62 blows from the rammer dropped from a
height of 450 mm above the soil as controlled by the guide
tube. Distribute the blows uniformly over the surface and
ensure that the rammer alwavs falls freely and is not
obstructed by soil in the guide tube.

3.6.4.1.5 Repeat3.6.4.1.3 and 3.6.4.1.4 four more times, so
natthe amount of soil used is sufficient to fill the mould
Sody, with the surface not more than 8 mm proud of the
-oper edge of the mould body. (Sze note 10 3.4.4.1.5.)

3.6.4.1.8 Removethe extension, strike off the excess soil and
avel off the surface of the compactad soil carefully to the top
of the mould using the straightedge. Replace any coarse
Darticles, removed in the izvelling process, by finer material
from the sample, we!l pressad in.

3.6.4.1.7 Weighthesoil and mouid with baseplateto 5 g (m;).

3.6.4.1.8 Remove the compacted soil from the mould and
olaceitonthelarge metaltray. Take a rapresentative sample
of the soil for determination of its moisture content as
described in 3.2 of BS 1377 : Part 2 : 1390.

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

3.6.4.1.10 Add a suitable increment of water {see note
10 3.4.4.1.10) and mix thoroughly into the soil.

3.6.4.1.11 Repeat3.6.4.1.3.103.6.4.1.10 10 give a total of at
least five determinations. The moisture contents shall be
such that the optimum moisture content, at which the
maximum dry density occurs, lies near the middle of the
range.

3.6.4.2 Compaction procedure for soil particles susceptible
to crushing

3.6.4.2.1 Weigh, measure and prepare the mould as
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3.6.4.2.3 Discard the remainder of each compacted sample.

3.6.5 Calculations, plotting and expression of results.
Proceed as described in 3.3.5.

3.6.6 Testreport. The test report shall comply with 3.3.6.

3.7 Method using vibrating hammer

3.7.1 General. This test covers the determination of the dry
density of soil, which may contain some particles up to coarse
gravel size, when itis compacted by vibration in a spacified
manner over a range of moisture contents. The range
includes the optimum moisture content at which the
maximum dry density for the specified degree of compaction
is obtained. Inthistest the soilis compacted into a CBR mould
using an electrically operated vibrating hammer,

The test is suitable for certain soils containing no mora than

30 % by mass of material retained on the 20 mm test siave,

which may include some particles retained on the 37.5 mm
test sieve. Itis not generally suitable for cohesive soiis.

The requirements of Part 1 of this standard, where
zppropriate, shall apply to this test imethod.

3.7.2 Apparatus

3.7.2.1 Acylindrical, corrosion-resistant matal mould,
~.2.the CBR mould, as described in 7.2.2.2.

3.7.2.2 An electric vibrating hammerhaving a powar
consumption between 600 W and 750 W and operating 3t 3
‘zquency between 25 Hz to 45 Hz.

“QOTE. For safety reasons the vibrating hammer should opsrziz on
210V, and an earth leakage circuit breaker should be inclucsd
zztween the hammer and the mz2ns supply

3.7.2.3 Asteeltamperfor attachment to the vibrating
nammer. Essential dimensions ara showr in figure 7ib),
~nich also indicates one suitable design of tamper.

3.7.2.4 Supporting guide frame for vibrating hammzr
‘cptional).

3.7.2.5 Adepth gauge or steel rule, or other device wnich
znables the sample depth to be measured to an accuracy of
0.5 mm.

3.7.2.6 Abalancereadableto 5 g.

3.7.2.7 Astraightedge, e.g. a steel strip about 300 mm long,
25 mm wide, and 3 mm thick, with one bevelled edgs.

3.7.2.8 Testsieves, of aperture sizes 37.5 mm and 20 mm,
z2nd receiver.

3.7.2.9 Acorrosion-resistant metal or plastics traywith sides,
2.g. about 80 mm deep, of a size suitable for the quantity of
material to be used.

3.7.2.10 A scoop.

3.7.2.11 Apparatus forthe determination of moisture content
as described in 3.2 of BS 1377 : Part 2: 1990.

3.7.2.12 A stopclock readableto 1 s.

3.7.2.13 Apparatus for extracting compacted specimens
from the mould {optional).
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3.2.3 Calibration of vibrating hammer

3.7.3.1 General. The vibrating hammer shall be maintained
in accordance with the manufacturer’s instructions. Its
working parts shall not be badly worn.

Thecalibration test describedin 3.7.3.3sheallbe carried out to
determine whether the vibrating hammer is in satisfactory
working order, end able to comply with the requirements of
the test described in 3.7.5.

The pressure check described in 3.7.3.4 shzll be mzde by the
operator carrying out the calibration test.

3.7.3.2 Material. Clean, dry, 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
kmtestsieve and 100 % isretained on a 63 umtestsieve. The
sand shall be free from flaky particles, silt, cley and organic
matter.

3.7.3.3 Calibration test

3.733.1 Tzkea5=0.1 kg sample of the sand specified
in3.7.3.2, which has not been used oreviously, and mix it with
water in order to rzise its moisture content10 2.5 = 0.5 %.

3.7.3.3.2 Compact the wet sand in a cylindrical metel mould
of 152 mm diameter and 127 mm depth, using the vibrating
hammer as specified in 3.7.5.1.

NOTE. The operatorcan usuelly judge the requirec pressuretoapply

with sufficient accuracy after firs: carrying out the check dascribed
in3.7.3.4.

3.7.3.3.3 Carry out a total of three tests, all on the same
sample of sand, and determine the mean Cry density,
Determine the dry density values tc the nearest 0.002 Mg/m®.

3.7.3.3.4 lfthe rénge of values in the thres tests exceeds
0.01 Mg/m®, repeat the procedure. Consider the vibrating
hammer suitable for use in the vibrating ccmpaction test if
the mean dry density of the sand exceeds 1.74 Mg'm?.

3.7.3.4 Pressure check. Apply pressure combined with
vibration 10 ensure the required degree of compaction. A
downward force on the sample surface 0f 300 N t0 400 N shall
be applied, this being greater than the force needed to
prevent the hammer bouncing on the soil.

The required pressure shall be assessed by zpplying 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.

3.7.4 Prepzration of sample. Prepare the test sample &s
described in 3.2.5.1, 3.252,3.253,3.2.7.1,3.2.7.2 or3.2.7.3
és appropriate.

3.7.5 Procedure

3.75.1 Compaction procedure for soil particles not
susceptible to crushing

37511 Weigh the mould, with baseplate gttached, to 5 g
{mﬂ.

Measure the internzl dimensions tc 0.5 mm.

—_—

* Forinicrmation cn the eveilability of materials, epply tc Enquiry Section, Lirferz\Weog, Ko

eddressec enveleps for resly.

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

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

3.7.5.1.4 Place the circular tamper on the soil and compact
with the vibrating hammer for 60 = 2 s. During this period
apply & steady downward force on the heammer so thzt the
total downward force on the sample, including that from the
mass of the hammer, is betwesn 300 N ang 400 N.iS=sz note
t03.7.3.3.2).

NOTE. A disc of polyethyiene shest may be placed immecia:
benezin ine tamper plzte 10 preventsend particles movinrg Lz
through the ennulzr gap.

3.75.1.5 Repzz13.7.5.1.32and 3.75.1.4 twice more.

3.7.5.1.6 Remove any loose materia! lying o the surizce of
the semcle around the sides of the moulc.

3.75.1.7 Laya straightedge across the tog of the gxisnsion
collar end measure down to the surface of the samp.e tc an
accurecy of 0.5 mm. Take rezdings at four points spaced
evenly cverthe surface ofthe sample, all atleest 15 mm from
the sice of the mould. Calculzte the mean height, h{in mm)
ofthe szmpie. Ifthe sempleislessthan 127 mmormersthan
133 mm in height, reject it and repeat the test from 3.7.5.1.3
until g szmple of the required heightis obtained.

v

3.7.5.1.8 Weigh the soil and mould with baseplateto £ ¢
(in my).

3.7.5.1.9 Remove the compacted soil from the mouic znd
placeiton the metal trey. Take a representative sampie ofthe
soil for determination of its moisture content as described
in3.2¢fBS 1377 : Part 2 : 1990,

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

3.7.5.1.11 Add & suitable increment of water and mix
thorougnly into the soil.

NOTE. Ths weter added foreach stage of the testshould be sucn that

arange cfmoisture contents is obtzined which includes the optimum
maisiure content. In general, increments of1 % 102 % are su~zble

for sandy and Gravelly soils. To increase the accuracy of the testitis
oftenzcviszble to reduce the increments of waterin the region ofthe

optimum moisture content.

3.7.5.1.12 Repeat2.7.5.1.310 3.7.5.1.11 to give a total of at
least five determinations. The moisture contents shall be
such that the optimum moisture content, at which the
maximum dry density occurs, lies near the middle of the
range.

3.7.58.2 Compaction procedure for soil particle susceptible to
crushing

NOTE. The soil should be considered susceptible to crushing curing
compaction if the sample containg granular material of a sok neture,
€.g. soft limestone, sandsicne, etc., which is reduced in size ov the
action cf tne vidrating hammer. The procedure described in 3.7.5.2
forsoils suscestibleto crushing during compaction can be az
ellgranviarsciis it it is convenient 10 do so.

12 Keynes MKI4BLE, encicsing a siamz=¢
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3.7.5.2.1 Weigh, measure and prepare the CBR mould as
described in 3.7.5.1.1 and 3.7.5.1.2.

3.7.5.2.2 Carry outacompaction teston each of the prepared
samplesin turn as described in 3.7.5.1.3 10 3.7.5.1.9.

3.7.5.2.3 Discard the remainder of each compacted sample.

3.7.6 Calculations, plotting and expression of results
(see form 4.8, appendix A)

3.7.6.1 Calculate the bulk density, p (in Mg'm?), of zach
compacted specimen from the equation

my = my
= (11000
- 50
whers
m. is the mass of mould and baseplate {in g);
m- isthe mass of mould, baseplate and compzacied soil
(ing)
h isthe height of the compacted sample (in mm);
A isthecircular arza of the mould (in mm?).

3.7.6.2 Calculate the dry density, p; {in Mg'm?), of 2ach
compacted specimen from the equation

_100p
T 00+ w
where
w isthe moisture content of the soil «in %).

3.7.6.3 Piotthe dry densities obtained from a seriss of
determinations as ordinates against the corresponding
moisture contents as abscissae. Draw a curve of best fitto the
plottad points and identify the cosition of the maximum on
this curve. Read off the values of dry density and moisture
content, to three significant figuras, corrésponding 1o that
point. {See figurz 6.)

NOTE. The maximum may liz between two
when drawing the curve, care shouid be tax
peaxk.

@ O
30

3.7.6.4 Onthesamegraph, plotthecurves correspondingto
0 %, 5 % and 10 % air voids, caiculated from the equation

1 -2
10
::i P
ps 100 p,
whers
p- isthe dry density (in Mg:m®);
ps is the particle density {in Mg/m?);

p. isthe density of water (in Mg/m?), assumed equalfto1;

V, is the volume of air voids in the soil, expressed as a
percentage of the total volume of the soil (equalto 0 %,
5 %, 10 % for the purpose of this plot);

w is the moisture content {in %);
(See figure 6.)
3.7.7 Testreport. Thetestreportshall affirm thatthe test was

carried out in accordance with this Part of this standard and
shall contain the following information:

(a) the method of test used:

BS 1377 : Part 4 : 1990

{b) the sample preparation procedure, and whether a
single sample or separate samples were used;

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

{d) the dry density corresponding to the maximum dry
density on the moisture content/dry density curve
reported as the maximum dry density to the nearest

0.01 {in Mg/m?);

(e) thepercentage moisture content corresponding to the
maximum dry density on the moisture content/dry dansity
curve reported as the optimum moisture content to two
significant figures;

(f) theamountofstoneretained onthe 37.5 mmtestsieve
reported to the nearsst 1 % by dry mass;

{g) the particia density and whether measured (and if so
the method used) or assumed;

(h) theinformation required by 9.1 0of BS 1377 : Part 1 :
1980.

4 Determination of maximum and
minimum dry densities for granuiar soils

4.1 General

4.1.1 Principle. An indication of the state of compaction of 2
cohesionless (free-draining) soil is obtained by relating its
dry density to its maximum and minimum possible dansities
{the limiting densities). The tests described in this section
enable these parameters to be determined for cohesionless
soils.

4.1.2 Types of tests. Two tests are desciicad for the
determination of maximum density, one for sands and ons
for gravelly soils. In both tests the soil is compacted under
water with a vibrating hammer. The test on sands is carri
outinal L mould. Gravelly soils are compacted in 2 C3R
mould using a procedure similar to that described

in3.7.

Two tests are described for determination of minimum
density. One is a simple dry shaking test for sands anc the
other is a dropping test for gravelly scils.

The in-situ density can be related to the limiting densitias by
means of the density index.

4.2 Determination of maximum density of sands

4.2.1 General. This test covers the determination of the
maximum density to which a clean sand can be compacted.
The method is suitable for sands containing a small amount
of material passing a 63 umtestsieve, and upto 10 % offine
gravel passing a 6.3 mm testsieve. The soilis compactedinto
a1 L mouid under water using an electric vibrating hammer.

NOTE 1. Use of a vibrating hammer is appropriate for free-drzining
soils containing only a small proportion (usually not exceeding 10 *
by mass) of material finer than 63um, since some fine materialis likely
to escape from the sample during vibration.

NOTE 2. This testis not applicable 1o soils containing particles
susceptible to crushing when compacted by the vibrating hammer.
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The requirements of Part 1 of this standard, where
appropriate, shall apply to this test method.

4.2.2 Apparatus

4.2.2.1 Acylindrical, corrosion-resistant metal mouid,i.e. the
1 L mould, with basepiate and extension, as described in
3.3.2.1.

4.2.2.2 Anelectric vibrating hammer as specified in 3.7.2.2.

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

4.2.2.3 Asteel tamper for attachment to the vibrating
hammer. Essential dimensions are shown in figure 7{a)
which also indicates ore suitable design of tamper.

4.2.2.4 Supporting guide frame for vibrating hammer
(optional).

4.2.2.5 Awatertight containerlarge enough to holc the
compaction mould.

4.2.2.6 Abalancsreadebleto 1 g.

4.2.2.7 Astraightedge, e.g. a steel strip zbout 300 mm long,
25 mm wide, and 3 mm thick, with one bevelied edge.

4.2.2.8 Test sieves of aperiure sizes 2 mm and 6.3 mm, and
receiver.

4.2.2.9 Apalette knife or spatula.

4.2.2.10 Large metal tray with sides about 80 mm cdesp.
4.2.2.11 Small metal tray with sides about 50 mm desp.
4.2.2.12 Abucketor similar watertight container.
4.2.2.13 Asmall scoop.

4.2.2.14 Adrying oven capeble of maintzaining a temperature
0f 105 *C 10 100 °C.

4.2.2.15 Astopclockreadzable to 1 s.

4.2.2.16 Apparatus for extracting compacted specimens
from the mould (optional),

4.2.2.17 Awater container of about 5 L capacity.

4.2.3 Calibration of vibrating hammer. The vibrating
hammer shall be checked and calibrated as specified in 3.7.3.

4.2.4 Preparation of sample

4.2.4.1 Tzke encugh material from the soil prepared as
describedin7.6.4 0f BS 1377 : Part 1 : 1880to enable et least
two test samples to be prepared.

4.2.4.2 Sieve the soil on a 6.3 mm test sieve. The retained
material may be broken down to sizes between 2 mm and
6.3 mm proviced that the total proportion by massin this size
renge does not exceed 10 %.

4.2.4.3 Mix the soil thorcughly on the large metal trey end

divide into at least two representative portions of ebout 3 kg
each.

4.2.4.4 Pour each prepared sample into warm water in a
bucket or suitable container, snd stir thoroughly to remcve
ir bubbles.

4.2.45 Cover the container and allow to stand for several
hours, e.g. overnight, to cool.

4.2.5 Procedure

4.2.5.1 Measure the internal dimensions of the compaction
mouldto 0.1 mm.

4.2.5.2 Atiach the extension to the moula and plece the
mould essembly in the watertight container on a solid base,
€.g. a concrete floor or plinth. Pour water to about 50 mm
depth in the mouid body, and to the same level in the
surrounding contziner,

4.2.5.3 Add a poriion of the soil-water mixture to the mould
with the scoop, placing it carefully under the water surface
without loss of fires and without segregetion of coarse
particles. The quentity of sample should be such that the
mould is about cne-third filled when compacted. Add water
t0 the surrounding container up to the szme leve! s in the

mould. Mzake the soil surface approximeately level.

soi
4.2.5.4 Placethecirculartamperonthe soil and compzctwith
the vibrating hammer for at least 2 min or until there is no
further significant decrease in sample height. During this
period epply & stezdy downward force on the hammer so that
the totai cownwerd force on the semple tincluding tnat from
the mass of the hemmer) is between 300 N and 400 N.

fety -2zscnsthe vibrating neammarshoulc 52 o-otectes

~¢ up from the meulg anc its container.

g opereicr can usually judge the required pressore
apoly witn sufficient accuracy after first carrying out the calioration
specifiec in 3.7.3.4.

NOTE 3. A disc of pziyethylene sheet may be placed immeciately
beneath the tampzr plate 16 prevent sznd particles moving up
through the annular gap.

4.2.5.5 Repeat4.2.5.3 and 4.2.5.4 twice more, ensuring that
the surfece of the sample is always under water. Afier
compaction of the third layer its surfzce shall be atleast level
with, but not more than 8 mm proud of, the mould body.
NOTE. Thetemparsnould be removed with cars to aveid disturbance
of the sand surface by creating suction.

4.2.5.6 Remove the mould containing the soil from the
container, clezn off any adhering soil frem the outside and
aliow free water to drain from the sample.

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

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

4.2.5.8 Drythesoilinanovenat 105 °Cto 110 °C, weighwhen
cool and determine the rnass of soil, m (in gl tolg.

4.25.10 Repeat4.25.2104.25.9 using the second batch of
prepared semple.

4.2.5.11 If the dry masses from the two tests differ by more
than 50 ¢, repeat the procedure using fresh samples of the
soil.



| 4.2.6 Calculations and expression of resuits

| 4.2.6.1 Calculate the internal volume, V (in cm?), of the
mould.
4.2.6.2 Calculate the maximum dry density {pgmax ) Of the soil
{in Mg/m®) from the equation

m
Pamax V
where

m is the greater of the two dry masses of soil compacted
into the mould (in g).

Sxpress the result to the nearest 0.01 Mg m*.
4.2.7 Testreport. Thetestreportshall affirm thatthe testwas

carried outin accordance with this Part of this standard and
shall contain the following information:

(a
{b)
{c) thepercentage of material retainecd cnthe 6.3 mmtest
sieve and whether it was replaced by smaller particles;

the method of test used;

the maximum dry density;

{d) theinformation required by 9.1 of 25 1377 : Part 1:
19¢0.

4.3 Maximum density of gravelly soils

4.3.1 General. This test covers tha dater~ nation ¢f the
maximum density to which a gravel or sa-dy gravel can be
compacted. The method is suitable for sc''s passing the
37.5 mmtestsieve and containing a smal! zmount of materiz!
passing the 83 um test siava. The soil is compacted into 3
152 mm diameter CBR mould using an eizctric vibrating
hammer.

NOTE 1. Use of 2 vibrating nz
scils cortaining oniy a s
>y massi of material finer ¢

mmeris aporop- z:2 for fre=-draining
roportion (usuz: v not exczeg!
53 um, since sc~= fine

TE 2. Thistestis notapo-cabie to soils contz ning panicles
susceptidle to crushing when compactad Dy -z vibrating namms-
The requirements of Part 1 of this standzrz, whers
zppropriate, shall apply 10 this test methcc.

4.3.2 Apparatus

4.3.2.1 Acylindrical, corrosion-resistan: —=stal meuld,i.e.,
the CBR mould, as described in 7.2.2.2.

4.3.2.2 Anelectric vibraiing hammer as scecified in 3.7.2.2.
NOTE. For safety reasons thz vibrating hammz- snould ocerats on
170V andan earth leakage uit breaker shou < beincluced
setween the hammer and 1~2 mains supply.

4.3.2.3 Asteel tamperfor attachment to the vibrating
hammer as specified in 3.7.2.3. (See figura 7(b)).

4.3.2.4 Supporting guide frame for vibrating hammer
{optional).

4.3.2.5 Awatertight container large enouzn to hold the
mould.

4.3.2.6 Abalancereadableto 5 g.

4.3.2.7 Astraightedge, e.g. a steel strip acout 300 mm long,
25 mm wide, and 3 mm thick, with one bevalled edge.

i
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4.3.2.8 Testsieves, of aperture sizes 37.5 mm and 20 mm
and a receiver.

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

4.3.2.10 A bucket, or similar waterproof container.
4.3.2.11 A scoop.

4.3.2.12 Adrying oven, capable of maintaining a
temperature of 105 °C to 110 °C.

4.3.2.13 Astopclock, readableto 1s.

4.3.2.14 Apparatus for extracting compacted specimens
from the mould.

4.3.2.15 A water container, of about 10 L capacity.

4.3.3 Calibration of vibrating hammer. The vibrating
hammershall be checked z2nd calibrated as specified in 3.7.3.

4.3.4 Preparation of sample

4.3.4.1 Take enough material from the soil prepared as
describedin7.6.40fBS 1377 : Part 1: 1990 to enable atleas:
two test samples to be prepared.

4.3.4.2 Sievethe soii on 2 37.5 mm test sieve. The retained
material may be broken cown to sizes between 20 mm and
8.3 mm provided thatthe :ctal proportion by massin this size
range does not exceed 3C .

4.3.4.3 Mix the soil thoroughly and divide into at least two
representative portions of about 8kg each.

4.3.4.4 Pour each praparzd sample into warm watzr into a
bucket or suitable container, and stir thoroughly to remove
air bubbles.

4.3.45 Coverthe containsr and 2ilow to stand for szverai
hours, e.g. ovearnight. to zool.

4.3.5 Procedurs

4.3.5.1 Measure the internal dimensions of the mould to
0.5 mm.

4.3.5.2 Attach the extension to the mould and placs the
mould assembly in the watertight container on a suitable
base, e.g. a concrete floor or plinth. Pour water to about

30 mm depthin the mould body, and to the same levelin the
surrounding container.

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

4.3.5.4 Placethecirculartamperonthesoil and compactwith
the vibrating hammer for at least 3 min or until there is no
further significant decrease in sample height. During this
period apply a steady downward force onthe hammer so that
the total downward force on the sample lincluding that from
the mass of the hammer) is between 300 N and 400 N.
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NOTE 1. For safety reasons the vibrating hammer should be protected
from water splashing up from the mould and its container.

NOTE 2. The operator can usually judge the required pressure to
apply with sufficient accuracy after first carrying out the calibration
described in 3.7.3.4.

NOTE 3. A disc of polyethylene sheet ma
bereath the tamper plate
through the annular gap.

y be placed immediately
to prevent sand particles moving up

4.3.5.5 Repeat4.3.5.3 and 4.3.5.4 twice, ensuring that the
surface of the sample is always under water. After
compaction of the third layerits surface shall be atleastlevel
with, but not more than 6 mm proud of, the mould body.

NOTE. Thetamper should be removed with caretoavoid disturbance
of the soil surface by creating suction.

4.3.5.6 Remove the mould containing the soil from the

container, clean off any adhering soil from the outside and
allow free water to drain from the sample.

4.3.5.7 Remove the extansion carefully and trim off the
compacted soil level with the top of the mould, using the
straightedge.

Refill cavities left by removal ofany coarse particles with finer
material, well pressed in.

4.3.5.8 Extract the compacted soil from the mouldinto a
weighed metal tray, without loss of any soil particles.

4.3.5.9 Drythesoilinanovenat 105 °Cto 110 *C, waigh when
cooi and determine the mass of soil, m (in gl.tos5g.

4.3.5.10 Repeat4.3.5.2104.3.5.9 using the second batch of
prepared sample.

4.3.5.11 If the dry masses from the two tests differ by more
than 150 g, repeat the procedure using fresh sampi2s of the
soil.

4.3.6 Calculations and axpression of results

43.8.1 Calculate tne internal volume, Viin crm), of the
mould.

4.3.6.2 Calculate the maximum dry density of the soil,

Parmix.
fin Mg/m?), from the sguation

whera
m is the greater of the two dry masses of soil compacted
into the mould {in g).
Exprass the result to the nearest 0.01 Mg/im?®,
4.3.7 Testreport. The tast reportshall affirm thatthe test was

carried out in accordance with this Part of this standard and
shall contain the following information:

fa) the method of test used:
o) the maximum dry density;

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

(d) the relevantinformation required by 9.1 of BS 1377 :
Part 1: 1990,
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4.4 Minimum density of sands

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

The requirements of Part 1 of this standard, where
appropriate, shall apply to this test method.
4.4.2 Apparstus

4.4.2.1 A1 L glass measuring cylinder, graduated to 20 mL,
preferably without a pouring lip.

4.4.2.2 Aruboerbungto fitthe cylinder or a piece of rubber
membrane and a rubber O-ring to seal its mouth.

4.4.2.3 Abalancereadableto1g.

4.4.2.4 Adrying ovencapable of maintaining a temperature
of 105 °C to 110 °C and complying with 4.2.2.1 of 8S 1377 -
Part1:1990.

4.425 A2 mm testsisve, and receiver.
4.4.3 Preparation of sample

" PP

4.4.3.1 Prepare the sand in accordance with 7.6.4 of
BS 1377 : Part 1: 1980 and pass it through 2 2 mm test
if necessary.

sieve

4.4.3.2 Obtzin areprasentative test sample of 1600 = 1 3.
4.4.4 Procedure

4.4.4.1 Place the weighad samole of sand in the glasscylinder
and fit the bung or cover.

4.4.4.2 Shaks the cylinder to toosen the sand and invert it a

few times.

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

4.4.4.4 Record the volume reading (V) at the mean leval of
the surface of the sand to the nearest 10 mL. Avoid shaking or
jolting the cylinder during this operation.

4.445Repez144.42t04.44410 give atleast 10 readings.

4.4.5 Calculations and exprassion of results. Calculate the
minimum dry density of the sand, Pamin. (in Mg/m?), from the
eqguation

1000

p:rmn_ = V

where

Vis the greatest of the 10 or more volume readings
recorded {in mL}).

Express the result to the nearest 0.01 Mg/m?,
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4.4.6 Testreport. Thetestreportshall affirmthatthetestwas
carried out in accordance with this Part of this standard and
shall contain the following information:

(a) the method of test used;
(b) the minimum dry density;

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

{d) the relevant information required by 8.1 0f 35 1377 :
Part 1 :13990.

4.5 Minimum density of gravelly soils

4.5.1 General. This test covers the determination of the
minimum density at which a gravel or sandy graval can be
placed. This method is suitable for gravelly soils passing the
37.5 mm test sieve and containing no more than 10 % of fine
material passing the 83 pm test sieve. The soil is allowed to
fali freely into a CBR mould, 152 mm in diameter, forming a
grain structure enclosing the maximum possible volume of
voids.

The requirements of Part 1 of this standard, whers
appropriate, shall apply to this test method.

45.2 Apparatus

4.5.2.1 Acyiindrical, corrosion-resistant, metai mould, i.e.
the CBR mould, as described in 7.2.2.2.

45.2.2 A bucket or similar container

4.5.2.3 A corrosion-resistant, metal or plastics iray with
sides, about 80 mm deep, of a size suitable for ths quantity of
material to be used.

4.5.2.4 Asuitable container, for weighing the sample.
45.25 Ascoop.

4.5.2.6 A straightedge, 2.g. a steel strip about 300 mm long,
25 mm wide, and 3 mm thick.

45.2.7 Abalance, readableto 5 g.
45.2.8 A37.5 mm test sieve, and a receiver.

45.2.9 Adrying oven, capable of maintaining atemperature
of 105 *Cto 110 °C.

4.5.3 Preparation of sample

4.5.3.1 Preparethe soilinaccordancewith 7.6.40f85 1377
Part 1: 1990 and pass through 2 37.5 mm test sieve if
necessary.

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

4.5.4 Procedure

4.5.4.1 Measure the internal dimensions of the mould to
0.5 mm.

4.5.4.2 Place the sample in the bucket, and mix to ensure an
even distribution of particles of all sizes.

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

4.5.4.5 Empty the contents of the mould into the weighed
container and determine the mass of soil, m (g), to the
nearest5g.

4.5.4.6 Remix the soil with the excess remaining on the tray
andrepeat4.5.4.2t04.5.4.5to give atleast 10 determinations
altogether.

4.5.5 Calculations and expression of results

4.5.5.1 Calculate the internal volume, Vlin cm?), of the
mould.

4.5.5.2 Calculate the minimum dry density of the soil, p2~a
(in Mg/m?®), from the equation

- m
Pemin. = Vv
where
m isthe lowest of the 10 or more recorded masses of soil
placed in the mould (in g).
Express the result 1o the nearest 0.01 Mg/m°.

4.5.6 Testreport. Thetestreportshallaffirmthatthetestwas
carried out in accordance with this Part of this standard an
shall contain the following information:

(a) the methad of test used;

(b} the minimum dry density;

(c) the percentsge of material in the original sample

retained on the 37.5 mm test sieve;

(d) theinformation required by 9.1 0f BS 1377 : Part 1

1990.

4.6 Derivation of density index

The density index, h, is anindex which relates the voids ratio,
or dry density, of a soil sample, or of the soil in situ, to the
limiting voids ratics, or dry densities, determined as
described in 4.2 t0 4.5.

If the dry density of the soil in question is denoted by p., the
density index, I5, may be calculated from the equation

,lD — ( Ps ™ Pdm -~ ) (pdmax)
Pdrax. ~ Pe—in. Pd

where

pamin. is the dry density at the least dense state;
Pamax. 15 the dry density at the densest state.

5 Determination of the moisture condition
value (MCV)

5.1 General

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

The requirements of Part 1 of this standard, where
appropriate, shall apply to the testmethods described inthis
clause.

5.2. Apparatus

521 Amoisture condition apparatus, complete with mould,

separating disc and a means of measuring the penetrationor

protrusion of the rammerto an accuracy of0.1 mm. The main
features are shown in figure §; other forms of apparatus are
acceptable provided the following essential requirements are
complied with.

NOTE. The specification for the apparatus is subject to Crown
Copyright znd is reproduced by permission of the Controller of Her
Mzjesty’s Stationery Office. The Secretary of Stete for Transport has
agreed with BSI to make available, through his Transpert and Rozc
Resezrch Laboratory, licences to market and manufacture this
appzratus on non-exclusive and non-discriminatory termsin the form
of royaity payments of 5 %. Applicants for licences shouid apply to
the Director, Transport and Pcad Research Laboratory, Department
of Transport. Old Wokingham Recad, Crowthorne, Berks RG11 6AU.
{z) Frame.The frame, including the base and guide rods,

shzll be of robust construction.
The mass of the base shall be at least 31 kg.

Ameans of positively locating the mould onthe base shell
be provided.

No special ground or plinth is required so long as the
rammer can fall vertically and freely.

(b} Mould. The mould cylinder shell be detachable from
the mould base and sc designed that, when detached, the
internal bore shall be uninterrupted throughoutits length.

The mould shall be permeable at the base.

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

The permeability shall be such that water discharges from
the mould, when maintained at a constant head of

175 mm above the base of the mould, at a rate of between
4 Umin and 7 Umin.

The inner surface of the mould cylinder shall have a
protective coating *at least 0.05 mm thick.

Theinternal diameter of the mould, before the addition of
the coating, shall be between 100.00 mmand 100.10 mm.

Theinternal height of the mould shall be atleast 200 mm.

(c) Rammer.Thetotal mass of the rammer, together with
the guidance and lifting attachments, shallbe 7 kg = 50 g.
The diameter of the bottom face of the rammer shall be
between 96.95 mm and 97.00 mm; no other part of the
rammer which enters the mould shall exceed this
diameter.

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

The rammer shall have a guidance system which, while

not impairing the ability to achieve the near free fall
requirements, ensures that the rammer does not strike the
mould cylinder during the test.

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

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

Ascale sha!l be provided and attached to the rammer. The
scale, in association with a vernier placed on the t1op
surface of the mould cylinder, will allow the penetration of
the rammer into the mould to be read to within 0.1 mm.
Alternatively, 2 depth gauge capable of being reed to

0.1 mm may be provided to measure the length of rammer
protruding zbove the top of the mould.

A lightweight rigid disc of appropriate material, e.g. fibre,
with a diameter between 28,15 mm and €8.20 mm, sheall
be provided to separate the soil sample inthe mould from
the bottom face of the rammer.

(d) Lifting system. This shall inciude 2n automatic latch
which engzges the rammer lifting attachment atthe lower
limit of travel, and which releases the rammer at g presst
level at the upper limit of travel.

An automatic counter to indicate the number of times tnat
the rammer has been released shall be providec.

(e) Drop height control. The position of the rammer
release actuztor shzll be adjustable such thatthe required
height of drop to the surface of the soil sample shell be
maintained. The rammer release actuator shall be
positively locatedinany of a number of positions such that
the desired height of drop is achieved to within = 5 mm.

An indicator system registering the height of drop shell
relate the rammerrelease pointtozhe|owerlimitoftravel
of the rammer, i.e. when at rest on the surface of the soil
sample.

The height of drop indicator and the height of drop shall
be adjustable between 100 mm and 260 mm.

The rammer shall be capable of being released ata height
such that the bottom face of the rammer is at least 250 mm
above the top of the mould cylinder.

5.2.2 A balance of 2 kg capacity readingto 1 g.

NOTE. For site use, and when the proportion of materizl retzined on
the 20 mm sieve is not required to be weighed, & balance readabletc
20 g is adequate, e.G. & robust spring balance.

5.2.3 A20 mm test sieve, and receiver.

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

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

5.2.6 Apperatus for the determination of water content, as
described in 3.2 of BS 1377 : Part 2: 1990,

* Ferinfermetion on the eveilabllity of suitable coatings, epply t¢ Enguiny Secticn, BS!, Linforc VWood, Milton Keynes MK14 6LE, enclosing &

stamped addressed envelope for reply.



5.3 Checking the moisture condition apparatus

5.3.1 Before and after a series oftests the apparatus shall be
checked and if necessary adjusted as follows.

5.3.1.1 Therammershall be capable of dropping freely under
the influence of gravity.

5.3.1.2 The height of drop of the rammer shall be set to
250 mm in accordance with the manufacturer’s instructions.

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

5.3.1.3 All components of the apparatus shall be secure.

5.4 Determination of the MCV of a sample of soil at its
natural moisture content

5.4.1 Procedure

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

5.4.1.2 Take a representative portion of material passing the
20 mm test sieve for determination of the moisture content.

5.4.1.3 Take a 1.5 kg = 20 g sample of soil passing the

20 mm test sieve. The aggregations of soil placed in the
mould need not be broken down any further after passing
through the 20 mm sieve. Place the soil as loosely as possible
in the clean, dry mould (the soil may be pushed into the
mould if necessary) and place a separating disc on top of the
soil.

NOTE. if the soil is not placed in its loosest condition the
reproducibility of the test can be affected. The loose soil condition can
be achieved by pouring the soil, either directly into the mould, or
through a funnel designed to fit the top of the mould. it should be
necessary to push the soil into the mould only if it threatens to
overflow the rim of the mould, and then only to such an extent that

the final surface of the loose soil is within about 5 mm of the top of the
mould.

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

5.4.1.5 Hold the rammer steady and remove the retaining
pin. Lower the rammer gently onto the separating disc and
allow it to penetrate into the mould under its own weight until
it comes to rest. Set the height of drop at 250 = 5 mm (see
note to 5.3.1.2).

5.4.1.6 Apply one blow of the rammer to the sample by
raising the rammer until itis released by the automatic catch.
Measure the penetration of the rammer into the mould, or the
length of rammer protruding from the mould, 10 0.1 mm {see
form 4.C of appendix A).

NOTE. The penetration of the rammer into the mould may be read
from a scale on the side of the rammer with the aid of a vernier placed
on the clean top edge of the mould. Alternatively, the length of
rammer above the top edge of the mould may be read using a depth
gauge. The latter method has the advantage that the test is more
easily performed by one operator. The measured readings
determined by either method can be recorded directly in the
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appropriate column of the data sheet (see form 4.C of appendix A)
and the change in penetration calculated by simple subtraction.

5.4.1.7 Reset the height of drop to 250 mm.

5.4.1.8 Repeat5.4.1.6 and 5.4.1.7, taking readings of
penetration or protrusion after a selected accumulated
number of blows (see form 4.C of appendix A) and resetting
the height of drop to 250 mm as necessary, until no further
significant increase in penetration occurs, or until 256 blows
have been applied.

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

5.4.1.9 Carefully raise the rammer and insert the retaining
pin.

5.4.1.10 Remove the mould from the apparatus, take off its
base and extract the specimen.

5.4.2 Calcuiations and expression of results (see form 4.C of
appendix A).

5.4.2.1 Calculate the change in penetration between any
given number of blows, n, and four times as many blows
{total 4n; e.g. 1 and 4, 2 and 8, etc.)

5.4.2.2 Plot the change in penetration, on a linear scale,
againstthe initial number of blows, n, on alogarithmic scale.

5.4.2.3 Draw the steepest possible straight line through the
points lying immediately before or passing through the 5mm
change in penetration value. The MCV is then defined as 10
log B(to the nearest 0.1) where Bis the number of blows at
which the change in penetration equals 5 mm, as read from
the straight line. The MCV may be read directly from the lower
horizental axis if a chart similar to form 4.C of appendix A is
used.

NOTE. For most soil types encountered in the UK the relationship
between change of penetration and number of blows is of the form
shown in figure 9. As the state of full compaction is approached the
increasing difficulty in expelling air from the soil causes a reduction
in siope of the graph which occasionally extends from above the

5 mm level on the change in penetration axis, indicated by the dashed
curve. Such difficuftiesin expelling air are affected to some extent by
the test conditions and wil! depend on the type of soil. To eliminate
the effects of this problem the MCV is determined by drawing the
steepest straight line through the points approaching the 5 mm value.
However, with certain soil types, mainly granular soils, the changein
penetration blows relation may be of the form shown in figure 10. A
curve of this form can be considered to have been cbtained if the
slope of the relation decreases and then increases again before
crossing the 5 mm level on the change in penetration axis. The
reasonsfor such a relationship are probably associated with changes
additional to the densification of the soil, such as expulsion of water
and crushing of soil particles. In such circumstances the steepest
straightline cannot be applied, and the number of blows at which the
graph crossesthe 5 mm value of change in penetration equates to the
energy necessary to produce these changes in addition to
densification. It is not possible with such soils to determine the MCV
relating solely to the densification of the soil in the condition in which
it was placed in the mould. Nonetheless, provided appropriate
calibrations are made using the same technique, the MCV derived
from the best-fit line through the points can be used as a satisfactory
method of earthwork suitability control. Where this method is used, it
should be clearly stated in the results.

5.4.2.4 Express the moisture condition value of the soil at
natural moisture content to the nearest 0.1 for a laboratory
test and to the nearest 0.5 for a field test.
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5.4.3 Testreport. The test report shall affirm that the test was
carried out in accordance with this Part of this standard and
shall contain the following information:

(a) the method of test;
(b} the moisture condition value of the soil;

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

(d) the proportion ofdry mass of any particles largerthan
20 mm removed from the initial sample;

{e) the method of interpretation of the test curve;

{f) the information required by 8.16fBS 1377 : Part 1 ;
1990.

5.5 Determination of the MCV/moisture content relation of
a soil

5.5.1 Procedure

5.5.1.1 Soils not susceptible to crushing during compaction

NOTE. In the case of dlay soils which require atleast 24 h after mixing
with water to ensure uniform distribution of the water, the method for
crushable soils (see 5.5.1.2) should be usad.

5.5.1.1.1 Take a sample of about 4 kg of the scil which has
been allowed to partially air dry. Do not allow the soil to dry
completely before the test.

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

5.5.1.1.3 Take a representative portion of material passing
the 20 mm test sieve for determination of the moisture
content as described in 3.2 of BS 1377 : Part 2 : 1990.

5.5.1.1.4 Thoroughly mix the soi passing the 20 mm test
sieve with a suitable amount of water.

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

5.5.1.1.5 Pass the mixed soil through a 20 mm test sieve to
break down particle aggregations, and take a 1.5 kg + 20 g
portion of the sieved soil.

5.5.1.1.6 Carry outthe procedure described in 5.4.1.3
t05.4.1.9

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

5.5.1.1.7 Remove the mould from the apparatus and take off
itsbase. Extract the specimen from the mould and placeiton
the tray. Take a representative sample of the specimen and
determine its moisture content, w, as described in 3.2 of
BS 1377 : Part 2 : 1990.

5.5.1.1.8 Break up the remainder of the specimen and mix
with the remainder of the original sample. Add a suitable
increment of water and rmix tharoughly into the sample.

5.5.1.1.9 Repeat55.1.151t0 5.5.1.1.8 for each ircrement of
water added. Make atleastfour determinations. The range of

moisture contents shall be such that the range of MCVs is
approximately 3 to 14.

5.5.1.2 Soils susceptible to crushing during compaction

5.5.1.2.1 Take four or more samples of about 2.5 kg of air-
dried soil. Mix each sample thoroughly with a different
amount of water to give a suitable range of moisture
contents.

NOTE. The range of moisture contents should besuchthattherange
of MCVs is approximately 3to 14,

6.5.1.22 Prepare and test each sample as described
in55.1.12,5.5.1.1.3,55.1.1.6 and 5.5.1.1.7.

5.5.1.2.3 Discard the remainder of each soil specimen.

5.5.2 Calculations and expression of results. Determine the
MCV of each specimen and express the result as described
in5.4.2.

Plotthe moisture content of each sample agzainstthe MCV for
the sample and draw the beststraightline through the points.
NOTE. In some instances a straight line relationship can be obtzined
only by ignoring the point or points at the lowest values of moisture
content The moisture condition test can be considered applicable to
2 soil only if & relation showing an increase in MCV with decreasing
moisture content over the expecied range of natural moisture
contents is obtzined. With overconsolidated clays & concave
upwards curve is often produced instead of a straightline {assuming
that moisture content is plotied on the vertical axis eand MCV on the
horizontal axis). This is probabty caused by variationinthe degresto
which the clay structure is broken down in the preparation of the
samples at different moisture contents. In certain circumstzances it
may be considered that a noninear curve is more appropriate as a
moisture condition calibration, e.g. as representative of variations in
on-site conditions during earthwork construction. A straight line
calibration is likely to be achieved if more work is carried out on the
soil prior to testing, e.g. by using a more positive mixing method, or
by initially raising the moisture content ofthe soilto 2 high value {low
MCV) before air drying.

553 Tesrreport.Thetestreportshal!afﬁrmthatthetestwas
carried out in accordance with this Part of this standard and
shall contzin the following information:

{a) the method of test:

(b} the plot of experimental points showing the
relationship between moisture content and MCV, with the
line of best fit;

{c} the sample preparation procedure and whether one
sample or separate samples were used;

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

(e) the information required by 9.1 of BS 1377 : Part 1 -
13890.

5.6 Rapid assessment of whether or not a soilis stronger
than a precalibrated standard

5.6.1 Genersl. Wherethe required standard in terms of MCV
has been previously determined, the following procedure is
an alternative to that described in 5.4 for arapid assessment
of the condition of a sail, €.g. as to its suitability for use in
earthwork construction. However, although more rapid then
the procedure for determining MCV given in 5.4, it does not
determine the degree to which the soil exceeds or fails the
preczlibrated standard.
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5.6.2 Procedure

5.6.2.1 Passthe soil through a 20 mm test sieve, break down
particle aggregations as necessary, and remove only
individual particles coarser than 20 mm. Weigh the removed
materialto 1 g.

5.6.2.2 Take a representative portion of material passing the
20 mm test sieve for determination of the moisture content
as described in 3.2 of BS 1377 : Part 2 : 1920.

5.6.2.3 Take a 1.5 kg = 20 g sample of soil passing the

20 mm test sieve. The aggregations of soil placed in the
mould need not be broken down any further after passing
through the 20 mm sieve. Place the soil as loosely as possible
in the clean, dry mould (the soil may be pushed into the
mouldif necessary) and place a separating disc on top of the
soil. (See note 10 5.4.1.3)

5.6.2.4 Locate the mould in the recess cn the base of the
apparatus, and adjust the automatic counter to zero.

5.6.2.5 Hold the rammer steady and remove the retaining
pin. Lower the rammer gently onto the separating disc and
allow itto penetrate into the mould under its own weight until
itcomes to rest. Set the height of drop at 250 = 5 mm.

5.6.2.6 Apply one blow of the rammer to the sample by
raisingthe rammer until itis released by the automatic catch.

5.6.2.7 Reset the height of drop to 250 mm.

5.6.2.8 Apply further blows, resetting the heignt of drop as

necessary, until the total number of blows is egual to that of
the MCV equivalent to the precalibrated standard. Measure

the penetration of the rammer into the mould, or the iength

of rammer protruding from the mould, t0 0.1 mm.

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

5.6.2.10 Remove the mould from the apparatus, take off its
base, and extract the specimen.

5.6.3 Calculations and expression of results. Czlculate the
difference between the initial and final penetration readings.
A difference of more than 5.0 mm indicates that the soil is
stronger than the precalibrated standard; a difference of less
than 5.0 mm indicates that it is weaker.

Report the difference to two significant figures.
5.6.4 Testreport. Thetestreport shall affirm that the test was

carried out in accordance with this Part of this standard and
shall contain the following information:

(a) the method of test used:
(b) the difference determined in 5.6.3;

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

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

(e} the information required by 9.1 of BS 1377 : Part 1 :
1990.

BS 1377 : Part 4 : 19380

6 Determination of the chalk crushing
value

6.1 General

The chalk crushing value (CCV) is determined by using the
chalkimpact crushing test, which measures the rate at which
a sample of chalk lumps crushes under impacts from a free-
falling rammer. The chalk crushing value can be used,
together with the saturation moisture content of the intact
chalk lumps (see 3.3 of BS 1377 : Part 2 : 1990), to classify
chalk in relation to its behaviour as a freshly placed fill
material.

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

The requirements of Part 1 of this standard, where
appropriate, shall apply to this test method.

6.2 Apparatus

6.2.1 A moisture condition apparatus complete with
accessories, as described in 5.2 and shown in figure 8.

6.2.2 A balance of 2 kg capacity readableto 1 g.
6.2.3 A hammer, for example 3 2 |b club hammer.

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

6.2.5 A metal tray with sides about 80 mm deep.

6.2.6 Apparatus for extracting specimens from the moulc
(optional).

6.3 Checking the moisture condition apparatus

Before and after a series of tests check the apparatus and if
necessary adjust it as describad in 5.3.
NOTE. The note t0 5.3.1.2 is not relevant to clause 6.

6.4 Determination of the chalk crushing value (CCV}
6.4.1 Procedure

6.4.1.1 Takea1 kg = 20 gsample of the material passing the
20 mm test sieve and retained on the 10 mm test sieva.
Determine the percentage of material retained onthe 10 mm
test sieve from a sample of appropriate size. Break up lumps
of chalk larger than 20 mm using the hammer to provide
enough material for the test sample. Take care to exclude
coagulated lumps of chalk fines, fragments of flint, and any
other non-chalk material.

NOTE. thas been demonstrated experimentally that the chalk crush-
ing valueis practically independent of the degree of saturation of the
chalk lumps. For this reason the condition of the chalk tested is not
specified, although the use of oven-dried chalk should be avoided.
6.4.1.2 Place the sample loosely in the clean, dry mould and
place the separating disc on top of the chalk.

6.4.1.3 With the rammer held in the raised position by the
retaining pin, locate the mould on the base of the apparatus,
and adjust the automatic counter to zero.
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6.4.1.4 Hold the rammer steady and remove the retaining
pin. Lower the rammer gently on to the separating disc and
allow itto penetrate into the mould under its own weight until
it comes to rest. Set the height of drop at 250 + 5 mm.

6.4.1.5 Apply one blow of the rammer to the sample by
raising the rammer until itis released by the automatic catch.
Measure the penetration of the rammerinto the mould, or the
length of rammer protruding from the mould, to 0.1 mm. A
suitable form for recording the readings is shown in form 4.D
of appendix A.

NOTE. The penetration of the ram
the scale on the side of the ramme

merinto the mould may bereadon
rwith the aid of a vernier placed on
the clean top edge of the mould. Alternatively, the length of rammer
above the top edge of the mould may be read using a depth gauge.
This latter method has the advantage that the test is more easily
performed by one operator. When using the depth gauge method,
results should be plotted on the chart shown on form 4.C of
appendix A, using a reversed scale on the y-axis.

6.4.1.6 Reset the height of drop to 250 mm.

6.4.1.7 Repeat 6.4.1.5 and 6.4.1.6, taking readings of
penetration or protrusion after selected accumulated
numbers of blows and resetting the height ofdropto 250 mm
as necessary.

6.4.1.8 The test shall be deemed to be complete when water
starts to ooze from the base of the mould, or no further
penetration occurs, or 2 maximum of 50 blows is reached.

6.4.1.9 Carefully raise the rammer and insert the retaining
pin.

6.4.1.10 Remove the mould from the apparatus, take off the
base and extract the crushed chalk.

6.4.2 Calculations and expression of
appendix A)

results (see form 4.D of

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

6.4.2.2 The greater part of the relation should form a straight
line, the slope of which represents the rate at which the chalk
wascrushed. The chalk crushing value (CCV)istaken as one-
tenth of the slope of the straight line.

_ Pa-Pb
~ 10(Log a- Log b)
where

Paisthe penetration (or protrusion) (in mm) after ablows
of the rammer as read from the straight line;

Pbisthe penetration (or protrusion} {in mm) after b blows
of the rammer as read from the straight line.
Expressthe CCV as a positive number to two significant
figures.

NOTE. For ease of calcula
8=10b(e.g.a=20,b=2
log a~tog b= 1and

tion use integer values of 2 and bsuch that
10ra=230, b=23).Inthese cases

ccv=Pa-pb
10

6.4.3 Testreport. The test reportshall affirm that the test was
carried outin accordance with this Part of this standard and
shall contain the following information:
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(a) the method of test used:
(b} the chalk crushing value (CCV);

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

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

(e} the saturation moisture content of the material, when
appropriate;

(f) the information required by 8.1 of BS 1377 : Part 1 -
1990.

7 Determina

tion of the California Bearing
Ratio (CBR)

7.1 General

7.1.1 Principle. This method covers the laboratory
determination of the California Bearing Ration (CBR) of 3
compacted or undisturbed sample of soil. The principle is to
determine the relationship between force and penetration
when a cylindrical plungerof a standard cross-sectional area
ismade to penetrate the sojl at agivenrate. Atcertain values
of penetration the ratio of the applied force to a standard
force, expressed as a percentage, is defined as the California
Bearing Ratio (CBR]),

The procedure for soakin
included.

g the specimen, if required, is

An in-situ test following the same principle can also be
carried out. (See 4.3 of Part 9 of this standard.)

The requirements of Part 1 of this standard, where
approprizate, shall apply to the test methods described inthis
clause.

7.1.2 Limitations. Because of the size of the sample and of
the plungerthetestis appropriate only for materials havinga
maximum particle size not exceeding 20 mm. {See 7.212)

7.1.3 Test conditions. The fol
specified before a test is start

lowing test conditions shall be
ed.

{a) The method of preparation of each test specimen.

(b) The density and moisture content to be achieved, if
applicable.

(c) Whether the test is to be carried out on one end or on
both ends of the specimen.

(d) Whether a testis required on the specimen in the
soaked condition.

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

7.2 Preparation of test sample
7.2.1 General

7.2.1.1 Methods. Six methods are described for the
preparation of disturbed samples forthe CBR test. In methods
(1)and (2) static compaction is used to achieve a specified
density (see 7.2.3.2 and 7.2.3.3). In the other methods,
dynamic compaction by hand or mechanical rammer, or by

vibrating hammer, is used, either to achieve & specified
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density in methods (3) and (4) (see 7.2.4.2 and 7.2.4.3) or to
provide a specified compactive effort in methods (5) and (6)
(see 7.2.4.4 and 7.2.4.5). The selection of methods is
illustrated in the form of a flow chart in figure 11.

When applying a standard compactive effort the compactive
procedures described in 3.4.4, 3.6.4 or 3.7.5 can be used, as
appropriate. Alternatively the criterion adopted can be some
intermediate degree of compaction.

The preparation of an undisturbed sample for a laboratory
CBR test (whether of natural soil or compacted fill) is
described in 7.2.5.

7.2.1.2 Material. The CBR test shall be carried out on material
passing the 20 mm test sieve prepared as described in 7.6.5
of BS 1377 : Part 1 : 1990. If the soil contains particles larger
than this the fraction retained on the 20 mm test sieve shall
beremovedand weighed before preparing the test sample. 1
this fraction is greater than 25 % the test is not applicable.

The moisture content of the soil shall be chosen to represent
the design conditons for which the test results are required.
Alternatively, where a range of moisture contents is to be
investigated, water shall be added to or removed from the
natural soil after disaggregation.

7.2.1.3 Initial preparation. The initial soil sample for testing
shall be obtained as described in 7.6.1 and 7.6.5 of BS 1377 :
Part 1: 1890. After bringing it to the required moisture
contentthe soil shall be thoroughly mixed and shall normaily
be sealed and stored for at least 24 h before compaction into
the test mould.

NOTE. with cohesioniess soils it may be possible to reduce or omit
the curing period if trial tests incicate that this has negligible influence
on the resuits.

The mass of soil required for the test shall be calculated or
estimated as described in 7.2.1.4, and depends upon the
specified conditions and method of preparation.

7.2.1.4 Mass of soil for test

7.2.1.4.1 When the density or air voids content of a
compacted sample is specified the exact amount of soil
required for the test can be calculated as described
in7.2.1.4.20r7.2.1.4.3. When a compactive effortis specified
the mass of soil can only be estimated, as described in
7.2.1.4.4.

7.2.1.42 Dry density specification. The mass of soil, m,
{ing), required to just fill the CBR mould of volume V., (in cm’)
is given by the equation

Vm
100

m. =

(100 + w) pgy

where

wis the moisture content of the soil {in %); and
p« is the specified dry density (in Mg/m?).

7.2.1.4.3 Airvoids specification. The dry density, py
{in Mg/m?), corresponding to an air voids content of V, (in %)
is given by the equation

1-Ys

100

1 w
—_— ——
ps 100 p,,

Pa =
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where

V, is the air voids expressed as a percentage of the total
volume of soil;

ps is the particle density (in Mg/m3);

w is the soil moisture content (in %);

Pw is the density bf water (in Mg/m?), assumed equal to 1.

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

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

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

7.2.2 Apparatus
7.2.2.1 Testsieves, of aperture sizes 20 mm and 5 mm.

7.2.2.2 Acylindrical, corrosion-resistant, metal mould, i.e.
the CBR mould, having a nominal internal diameter of

152 = 0.5 mm. The mould shall be fitted with a detachable
baseplate and a removable extension. The essential
dimensions are shown in figures 12 and 13, which also
indicate one suitable design of mould. The internal faces shali
be smooth, clean and dry before each use.

7.2.2.3 Acompression device for static compaction, (for
methods (1) and (2)). Horizontal platens shall be large enough
to covera 150 mm diameter circle and capable of a separation
of not fess than 300 mm. The device shall be capable of
applying a force of at least 300 kN.

7.2.2.4 Metal plugs, 150 £ 5 mm in diametar and

50 = 1.0 mm thick, for static compaction of a soi! specimen
(for methods (1) and (2)). A handle which may be screwed
into the plugs facilitates removal after compaction. The
essential dimensions are shown in figure 13. One is required
for method (1) and three are required for method (2}.

7.2.2.5 Ametal rammer, (for methods (3) and (5)). These shall
beeitherthe 2.5 kg rammer as specified in 3.3.2, orthe 4.5 kg
rammer as specified in 3.5.2, depending on the degree of
compaction required. A mechanical compacting apparatus
may be used provided that it complies with 3.3.2 or 3.5.2.

71.2.2.6 Anelectric, vibrating hammer and tamper, as
specified in 3.7.2.2 and 3.7.2.3 (for methods (4) and (6)).

7.2.2.7 Asteel rod, about 1€ mm in diameter and 600 mm
long.

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

7.2.2.3 Aspatula.

7.2.2.10 Abalance, capable of weighing up to 25 kg readable
to5g.

7.2.2.11 Apparatus for moisture content determination, as
described in 3.2 of BS 1377 : Part 2 : 1990.

7.2.2.12 Filter papers, 150 mm in diameter, e.g. Whatman
No. 1 or equivalent.
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7.2.3 Sample preparation by static compression

7.2.3.1 General. Static compression shall be carried out by
one ofthe methods describedin7.2.3.2and 7.2.3.3 {(methods
{1) and (2) respectively). Initial preparation of the mould shall
oe as described in 7.2.3.1.1t0 7,.2.3.1.4.

&

7.2.3.1.1 Weigh the mould with baseplate attached to the
~earest5 g {my).

7.2.3.1.2 Measure the internal dimensions to 0.5 mm.

7.2.3.1.3 Attach the extension collar to the mould and cover
:he baseplate with a filter paper.

7.2.3.1.4 Measure the depth of the collar as fitted, and the
~ickness of the spacer plug or plugs, to 0.1 mm.

* suitable form for recording data is shown as form 4. E of
zopendix Al

7.2.3.2 Method (1). Compression with tamping

7.2.32.1 Pourthe weighed soil slowly into the mould while
:2mping it with the steel rod. Avoid segregation of particie
sizes and ensure that the largest particles are uniformly
distributed within the mould.

7.2.3.2.2 Whenall the soil is added, level off its surface which
~ould then be about 5 mm to 10 mm above the top of the
“ould body if the correct amount of tamping has been
zpplied.

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

7.23.2.4 Place the mould assembly in the compression ‘
evice and apply aload to the sample until the top of the piug
‘s flush with the collar. Hold the load constant for at least 30 s.

" 2.3.2.5 Releasetheload. frebound occurs reapply theload
-z longer period.

7.2.32.6 Remove the spacer plug, filter paper and collar.

7.2.3.2.7 Weigh the mould, soil and baseplate to the nearest
3g(m).

7.2.3.2.8 Unlessthe sampleisto betested immediately, seal
‘"2 sample (by screwing on the top plate if appropriate) to
reventloss of moisture. With clay soils, or soils in which the
ir content is less than 5 %, allow the sample to stand for at
225t 24 h before testing to enable excess pore pressures set
40 during compression to dissipate.

-
o)

7.2.3.3 Method (2). Compression in layers

7.2.3.3.1 Divide the prepared quantity of soil into three
cortions equal to within 50 g and seal each portion in an
2.rtight container until required for use, to prevent loss of
moisture.

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

7.2.3.3.3 Place the three spacer plugs on top of the soil and
compress the soil using the compression device until the
thickness of the soil, after removal of the load, is about one-
third of the depth of the mould.
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NOTE. The correct level of the soil surface can be ascertained easily if
the corresponding projection of the top spacer plug above the top of
the collar is determined and recorded in advance.

7.2.3.3.4 Repeat7.2.3.3.2 and 7.2.3.3.3 using two plugs and
then one plug. During the last operation compress the soil
until the top surface of the plug is level with the top of the
collar.

7.2.3.3.5 Weigh the mould, soil and baseplate to the nearest
5gi{m).

7.2.3.3.6 Seal and store the sample as described in 7.2.3.2.8.
7.2.4 Sample preparation by dynamic compaction

7.2.4.1 General. Dynamic compaction shall be carried outby
one of the methods described in 7.2.4.2 10 7.2.4.5 {methods
(3) to (6) respectively).

Initial preparation of the mould shall be as described in
7.2.3.1.

A suitable form for recording data is shown in form 4.E of
appendix A

7.2.4.2 Method (3). Rammer compaction to a specified
density

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

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

7.2.4.2.3 Place the first portion of soil into the mould and
compact it using either the 2.5 kg rammer or the 4.5 kg
rammer, until the layer occupies about one-fifth of the height
of the mould. Ensure that the blows are evenly distributed
over the surface. Alternatively the mechanical compacting
apparatus may be usad.

7.2.4.2.4 Repeat7.2.4.2.3 using the other four portions of
soilinturn, so thatthe final level of the fifth layeris just above
the top of the mould.

NOTE. Preliminary trizls may be necessary to judge the amount of
compaction needed for each layer.

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

7.2.4.2.6 Weighthe mould, soil and baseplateto the nearest
5 g {ma). :

7.2.4.2.7 Seal and store the sample as described in 7.2.3.2.8.

7.2.4.3 Method (4). Vibrating compaction to a specified
density (suitable for granular soils)

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

7.2.4.3.2 Stand the mould assembly on a solid base, e.g. a
concrete floor or plinth.
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7.3.2.6 Annular surcharge discs, each having a mass known
to £ 50 g, aninternal diameter of 52 mm to 54 mm and an
external diameter of 145 mm to 150 mm. Alternatively half-
circular segments may be used.

7.3.2.7 Petroleumn jelly.
7.3.3. Soaking procedure

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

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

7.3.3.3 Placethe mould assemblyinthe empty soaking tank.
Place a filter paper on top of the sample, followed by the
perforated swell plate. Fit the required number of annular
surcharge discs around the stem on the perforated plate.

NOTE. One surcharge disc of 2 kg simulates the effect of
approximately 70 mm of superimpesed construction on the
formation being tested. However, the exact amount of surcharge is
notcritical. Surcharge discs of any convenient multiples may be used.

7.3.3.4 Mountthe dial gauge supportontop of the extension
collar, secure the dial gauge in place and adjust the stem on
the perforated plate to give a convenient zero reading. (See
figure 14.)

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

7.3.3.6 Recordreadings of the dial gauge at suitable intervals
of time, depending on the rate of movement.

7.33.7 Recordthetimetakenr’orwatertoappearatthetopof
the sample. (This may not necessarily indicate the end of the
swelling stage.) If this has not occurred within 3 days, flood
1nzwp ofthe sample and leave to soak for a further day,
giving the normal soaking period of 4 days. A longer period
may be necessary to allow swelling to reach completion.

7.3.3.8 Plota graph of swelling (as indicated by the dial
gauge movement) against elapsad time or square-root time.
Flattening of the curve indicates when swelling is
substantially complete.

7.3.3.9 Take off the dial gauge and its support, remove the
mould assembly from the immersion tank and allow the
sample to drain for 15 min. If the tank is fitted with a mesh
platform leave the mould there to drain after emptying the
tank.

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

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

7.3.3.12 If the sample has swollen, trim it level with the end
of the mould and reweigh.

7.3.3.13 The sample is then ready for test in the soaked
condition.
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7.4 Penetration test procedure

7.4.1 General. This subclause describes the procedure for
determining the CBR value of the sample prepared by one of
the methods described in 7.2 (whether or not it has been
soaked as described in 7.3).

7.4.2 Apparatus

7.4.2.1 Acylindrical metal plunger, the lower end of which
shall be of hardened steel and have a nominal cross-sectional
area of 1935 mm?, corresponding to a specified diameter of
49.65 = 0.10 mm. A convenientsize would be approximately
250 mm long (see figure 15).

7.42.2 A machine for applying the test force through the
plunger, having a means for applying the force at a controlled
rate. The machine shall be capable of applying at least 45 kN
ata rate of penetration of the plunger of 1 mm/min to within
* 0.2 mm/min.

7.4.2.3 A calibrated force-measuring device complying
with 4.2.1.6 of BS 1377 : Part 1: 1990. The device shall be
supported by the crosshead of the compression machine so
as to prevent its own weight being transfarred to the test
specimen.

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

0to 2 kN readable to 2 N for values of CBRupto 8 %
0to 10 kN readable to 10 N for vaiues of C2A from 8 % t0 40 %
0to 50 kN readable to 50 N for vaiues of C3R above 40 %

7.4.2.4 Ameans of measuring the penetration of the plunger
into the specimen, to within 0.01 mm. A dial gauge with

25 mm travel, reading to 0.01 mm and fittad to a bracket
atrached to the plunger is suitable. A general arrangement is
shown in figure 15.

NOTE. A dial gauge indicating 1 mmyr is convenient since the
specified rate of penetration of 1 mm/min can == controlled
conveniently by keeping the hand of the dial gzuge in step with the
second hand of a clock or watch.

7.4.2.5 Astopclock or stopwatch readablato 1 s.
7.4.2.6 The CBR mould as described in 7.2.2.2.
7.4.2.7 Surcharge discs as described in 7.3.2.6.
7.4.3 Procedure

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

7.4.3.2 Place the appropriate annular surcharge discs on top
of the sample.

7.4.3.3 Fitinto place the cylindrical plunger and force-
measuring device assembly with the face of the plunger
resting on the surface of the sample.

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

For CBR value upto 5 % apply 10 N

For CBR value from 5 % to 30 %, apply 50 N

For CBR value above 30 % apply 250 N
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7.3.2.6 Annular surcharge discs, each having a mass known
to * 50 g, an internal diameter of 52 mm to 54 mm and an
external diameter of 145 mm to 150 mm. Alternatively half-
circular segments may be used.

7.3.2.7 Petroleum jelly.
7.3.3. Soaking procedure

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

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

7.3.3.3 Placethe mould assemblyinthe empty soaking tank.
Place a filter paper on top of the sample, followed by the
perforated swell plate. Fit the required number of annular
surcharge discs around the stem on the perforated plate.

NOTE. One surcharge disc of 2 kg simulates the sffect of
approximately 70 mm of superimposed construction on the
‘ormation being tested. However, the exact amount of surcharge is
noteritical. Surcharge dises of any convenient multiples may be used.

7.3.3.4 Mountthe dial gauge supportontop ofthe extension
collar, secure the dial gauge in place and adjust the stem on
the perforated plate to give a convenient zaro reading. {See
figurs 14.)

7.3.3.5 Fill the immersion tank with water 10 just below the
top of the mould extension collar. Start the timer when the
water has just coverad the baseplate.

7.3.3.6 Recordreadings ofthe dial gauge ztsuitableintarvals
of time, depending on the rate of movement,

7.3.3.7 Record the time taken forwater to appearatthetop of
the sample. (This may not necessarily indicate the end of the
“~2ling stage.) If this has not oceurred within 3 days, flood
2 top of the sample and leave to soak for 2 further day,
giving the normal soaking period of 4 days. A longer period
may be necessary to allow swelling to reach completion.

7.3.3.8 Plot a graph of swelling (as indicated by the dial
gauge movement) against elapsed time or square-root time.
“lattening of the curve indicates when swelling is
substantially complete.

7.3.3.9 Take off the dial gauge and its support, remove the
Tould assembly from the immersion tank and allow the
sampie 1o drain for 15 min. If the tank is fittad with a mesh
platform leave the mould there to drain after emptying the
:ank.

7.3.3.10 Remove the surcharge discs, perforated plate and
zxtension collar. Remove the perforated baseplate and refit
ine original baseplate.

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

7.3.3.12 If the sample has swollen, trim it level with the end
=fthe mould and reweigh.

7.3.3.13 The sample is then ready for test in the soaked
condition.
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7.4 Penetration test procedure

7.4.1 General. This subclause describes the procedure for
determining the CBR value of the sample prepared by one of
the methods described in 7.2 (whether or not it has been
soaked as described in 7.3).

1.4.2 Apparatus

7.4.2.1 Acylindrical metal plunger, the lower end of which
shall be of hardened steel and have a nominal cross-sectional
area of 1935 mm?, corresponding to a specified diameter of
49.65 = 0.10 mm. A convenient size would be approximately
250 mm long (see figure 15).

7.42.2 A machine for applying the test force through the
plunger, having a means for applyingthe force atacontrolled
rate. The machine shall be capable of applying at least 45 kN
at a rate of penetration of the plunger of 1 mm/min 1o within
= 0.2 mm/min.

7.4.2.3 Acalibrated force-measuring device com plying
with 4.2.1.8 of 8S 1377 : Part 1 : 1990. The device shall be
supported by the crosshead of the compression machine so
as to prevent its own weight being transferred to the test
specimen.

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

0to 2kN readable to 2 N for values of C3Rupto 8 %
0to 10 kN readable to 10 N for values of CBR from 8 % to 40 %
0to 50 kN readable to 50 N for values of CBR above 20 %

7.4.2.4 Ameans of measuring the penetration of the plunger
into the specimen, to within 0.01 mm. A dial gauge with

25 mm travel, reading to 0.01 mm and fitted to a bracket
attached to the plungeris suitable. A general arrangement is
shown in figure 15.

NOTE. A dial gauge indicating 1 mmur is convenient sinca the
specified rate of penetration of 1 mm min can be controllad
convaniently by keeping the hand of the dial gauge in step with the
second hand of a clock or watch.

7.4.2.5 Astopclock or stopwatch readable to 1 s.
7.4.2.6 The CBR mould as described in 7.2.2.2.
7.4.2.7 Surcharge discs as described in 7.3.2.6.
7.4.3 Procedure

7.4.3.1 Place the mould with baseplate containing the
sample, with the top face ofthe sample exposed, centrally on
the lower platen of the testing machine.

7.4.3.2 Place the appropriate annular surcharge discs on top
of the sample.

7.4.3.3 Fitinto place the cylindrical plunger and force-
measuring device assembly with the face of the plunger
resting on the surface of the sample.

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

For CBR value up to 5 % apply 10 N

For CBR value from 5 % to 30 %, apply 50 N

For CBR value above 30 % apply 250 N
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Record the reading of the force-measuring device as the
initial zero reading (because the seating force is not taken into
account during the test) or reset the force-measuring device
to read zero.

7.4.3.5 Securethe penetration dial gauge in position. Record
its initial zero reading, or resetit to read zero.

7.4.3.6 Startthe test so that the plunger penetrates the
sample atauniformrateof 1 = 0.2 mm/min, and atthe same
instant start the timer.

7.4.3.7 Record readings of the force gauge at intervals of
penetration of 0.25 mm, to a total penetration not exceeding
7.5 mm (see form 4.F of appendix A).

NOTE. If the operator plots the force penetration curve as the test is
beingcarried out, the test can be terminated when the indiczted CBR
valua falls below its maximum value. Thusifthe CBR 5t 2.5 mmwere
seen 10 be 6 % but by 3.5 mm penetration it could be seen to have
fallan below 6 %, the test could be stopped and the result repcried as:

CBR at 2.5 mm penetration =6 %
CBR 3t 5.0 mm penetration = <6 %

7.4.3.8 ifnofurthertestisto be made onthe sample, proceed
t0 7.4.3.13.

7.4.3.9 Ifatestisto becarried out on both ends of the sample,
raise the plunger and level the surface of the sample by filling
in the depression left by the plunger and cutting away any

projecting material. Check for flatness with the straightedge.

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

7.4.3.17 f the sample is to be soaked before carrying out a
test on the base foliow the procedure described in 7.3.3 and
then proceed 10 7.4.3.12.

7.4.3.12 Carry out the test on the base by repeating 7.4.3.1
to 7.4.3.8.

7.4.3.13 After completing the penstration test or tests,
determine the moisture content of the test sample as follows.

{a) For a cohesive soil containing no gravel-sized particles,
take a sample of about 350 g from immediately below
each penetrated surface, but do notinclude filling material
used to make up the first end tested. Determine the
moisture content of each sample as described in 3.2 of
8S 1377 : Part 2: 1990.

NOTE. If the sample has been soakad the moisture conient after
soaking will generally exceed the initial moisture content.
Bacause of the possibility of moisture gradients the detarmination
of dry density from the moisture content after soaking may have
iittle significance. If required, the dry density after soaking can be
calculated from the initial sample mass and moisture content and
the measured increase in height due to swelling.

(b} For a cohesionless soil or a cohesive soil containing
gravel-sized particles, extrude the sample, break in half
and determine the moisture contents of the upper and
lower halves separately using the procedure described in
3.20fBS 1377 : Part 2: 1990.

7.5 Calculation and plotting

7.5.1 Force-penetration curve (see forms 4.F and 4.G of
appendix A}

BS 1377 : Part 4 : 1990

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

NOTE. Alternatively, readings of the force-measuring device may be
plotted directly against penetration readings. Forces are then
calculated only atthe appropriate penetration values asin 7.5.2 (after
correction if necessary).

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

Thenormal type of curve is convex upwards as shown by the
curve labelled test 1 in figure 186, and needs no correction.

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

Ifthe graph continues to curve upwards as for test 3in figure
16, and itis considered that the penetration of the plunger is
increasing the soil density and therefore its strength, the
above correction is not applicable.

7.5.2 Calculation of California Bearing Ratio. The standard
force-penetration curve corresponding to a CBR value of
100 % is shown by the heavy curve in figure 17, and forces
corresponding to this curve are givan in table 3. The CBR
value obtained from atestisthe force read fromthe testcurve
(after correction and calculation if necessary) at a given
penetration expressed as a percentage of the force
corresponding 1o the same penetration on the standard
curve. Curves representing a range of CBR values are
included in figure 17.

Penetrations of 2.5 mm and 5 mm ars usad for calculating
the CBR valus. From the test curve, with corrected
penetration scele if appropriate, rezd off the forces
corresponding to 2.5 mm and 5 mm penetration. Express
these as a percentage of the standard forces at these
penetrations, i.e. 13.2 kN and 20 kN respectively. Take the
higher percentage as the CBR value.

if the force-penetration curve is plotted on a diagram similar
to figure 17, the CBR value at each penetration can be read
directly without further computation if the correction
described in 7.5.1.2, for test 2 is not required. The same
diagram can be used for small forces and low CBR values if
both the force scale (ordinate) and the tabelled CBR values

(abscissa) are divided by 10 as shown in bracketsin figure 17.

Table 3. Standard force-penetration relationships for :
100 % CBR !

Penetration Force ;

mm kN

11.5
5 13.2
17.6
20.0
22.2
26.3

0 ouUAeNN

25
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7.5.3 Density calculations

7.5.3.1 Calculate the internal volume of the mould, Vq

(in cm?).

7.5.3.2 Bulk density. The initial bulk density, p {in Mg/m?), of

a sample compacted with a specified effort (preparation
methods (5) and (6); ses 7.2.4.42and 7.2.4.5), or of an
undisturbed sample, is calculated from the equation

-m
p= mavm 2
where
ms is the mass of soil, mould and baseplate (in g);
m, is the mass of the mould and baseplate {in g);
V. is the volume of the mould bady (in cm?).
7.5.3.3 Dry density. The initial dry density, p. (in Mg/m®), of
the sample is calculated from the equation
- ( 100
100+ w

p

where
w is the moisture content of the soil (in %).
If the dry density, pqg (in Mg/m®), of the soaked soil is
required, calculate it from the equation
Pd
Ax
1000 V.

Pes =

1+

where
Ais the area of cross section of the mould {(in mm?)

xis the increase in sample height after swelling (in mm).

7.6 Testreport

The test report shail affirm that the test was carried out in
accordance with this Part of this standard. The results of tests
on the top and bottom ends of the sample shall be indicated
separately.
The test report shall contain the following information:
{a} the method of test used;
(b) force-penetration curves, showing corrections if
appropriate;
{c) the California Bearing Ratio {CBR) values, to two
significant figures. If the results from each end of the
sample are within = 10 % of the mean value, the average
result may be reported;
(d) the initial sample density and the moisture content and
dry density if required;
(e) the method of sample preparation;
(f) the moisture contents below the plunger at the end of
each test, or the final moisture contents of the twc halves
of the sample;
(g) whether soaked or not, and if so the period of soaking,
the amount of swell and the swelling-time curve (if
required);
(h) the proportion by dry mass of any over-size material
removed from the original soil sample before testing;

(i) the information required by 9.1 of BS 1377 : Part 1:
1990.

63 1%
100

Particle size, mm

20 37-5 6

L)

el
o

Passing, %
(o]
(=]

~3
[=]

60

Medium gravel

Coarse gravel

NOTE. See 3.2.2 (c) and table 2.

L procedures for compaction tests

Figure 1. Grading limits relating to sample preparation
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10 min.

Good finish
on bore

All dimensions shown are in millimetras.

This design has been found satisfactory, but alternative designs may
be used provided that the essential requirements are fulfilled.

*See4.1.3.1.1 0f BS 1377 : Part 1 : 1990.

Figure 3. Mould for compaction test (1 L mould)
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’ ; Guide : ‘ Rammer
g Length c* - Adjus* to mcke
¢ g ftravel of = total mass Z5kg=25¢*
[ 6 rammer
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g 12 holes 62
¢ 6 |
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e A = | £ rucser gasees
i = ! |
e ] i I
i 1 5 = q
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T
¢ 52 ta
= min ¢ 50z 0.5%

All dimensions shcwn are in millimetres.

This design has been found satisfactory, but alternztive designs may
be used provided that the essential requirements are fulfilled.

*See 4.1.3.1.10f BS 1377 : Part 1: 1990.

Figure 4. 2.5 kg rammer for compaction test
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*See 4.1.3.1.10f BS 1377 : Part 1 ; 1890,
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—

xammer
Adjust fc make
fctal mass 45kg*50g*

lt—— T 75

Z rubber gasket

_~>.’._¢4‘1

Figure 5. 4.5 kg rammer for compaction test

i

r-————— ¢ 50 05"

This design has been found satisfactory, but alternative designs may
be used provided that the essential requirements are fulfilled.
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Air void lines
for a given
partficle density

Maximum

dry density ran line

Dry density, Mg/m‘j

Cerpaction

! Curve

moisture content

opt Hnum

2 Moisture content %

Figure 6. Dry density/moisture content relationship curve
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{a) Foruse with the
1L compaction moula

tr Foruss wtnins

To suit hammer

Totcl mass of tamper
shall not exceed 2.5kg

[ B S

(-

10 min.

$10022%

Te suit hammer

Total mass of tamper
snall not excead kg

!
]
i
=0 min
3145+2%
""H“..

*See 4.1.3.1.10f BS 1377 : Part 1 : 1990.

All dimensicns shown are in millimetres.

Figure 7. Tampers for vibrating hammer compaction test
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release automatic catch
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7

Figure 8. Moisture condition apparatus

Cylindrical mouis
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Figure 9. Relationship between change in penetration and number of blows
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Figure 10. Afternative type of relationship between change in penetration and number of blows
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All dimensions shown are in mitiimetres.

*See 4.1.3.1.10f BS 1377 : Part 1 : 1990.

Perforated —
Bcs

bcseplate .
E_Y ; E
] T

Figure 12. Cylindrical mould for the determination of the California Bearing Ratio

¢ 152:05%
; .
<1 7 J 7
s | .
21 ¢ | —e—— Wall
1 : H Smin
|

All dimensions shown are in miilimetres.

*See 4.1.3.1.1 0f BS 1377 : Part 1:1990.

California Bearing Ratio

H
]
1
|
l
|
|
e i ————Screw

x
M . s .
3' : thread

3150+ 05%
— e

Figure 13. Plug and collar extension for use with cylindrical mould for the determination of the
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Figure 14. Apparatus for measuring the swelling of a sample during soaking for the CBR test
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All dimensicns shown zre in millimetres.

This desigr has been found satisizctory, butalternative designs may
be used previded that the essential requirements are ‘ulfillec.

*See 4.1.3.1.10f BS 1377 : Part 1 : 1990.

Figure 15. General arrangement of apparatus for the CBR test
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Figure 16. Typical CBR test result curves
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Appendices

Appendix A. Typical test data and
calculation forms

The test sheets shown are given as examples; other suitable
forms may be used.

Form| Title
4.A Dry density/moisture content relationship {rammer)
v 4.8 Dry density/moisture content relationship (vibration}
4C Moisture condition valve
4D Chalk crushing value
4E California Bearing Ratio test (data for density)
4F California Bearing Ratio test
4.G California Bearing Ratio test (graph)

41
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Dry density/moisture content relationship (rammer)

Location Job ref.
Boreholes
Pit no.
Soil description Sample no.
Depth m
Testmethod BS 1377 :Part4:1990:3.3/3.4/3.5/3.6* Date
Procedure 2.5/4.5 kg* hand/mechanical rammer*
layers blows per layer
One litre/CBR* mould Volume of mould {V) em?®
Single sample/separate batches*

Initial sample mass g Particle density Mg/m?®

Retained on 20 mm/37.5 mm* sieve g %

Test number

Mass of mould + base + compacted specimen {m,) g

Mass of mould + base {m,) g

Mass of compacted specimen (m, - m,) g

Bulk density p = T;w”;' Mg/m?

Moisture content container No.
L Moisture content (w} %

Dry density p, = 1:)8(1’; Mg/m?

*Delete as appropriate

Maximum dry density Mg'm?®
Optimum moisture content %

dry density, Mg/m?

" moisture content, %

Operator

Checked

Approved
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Dry density/moisture content relationship (vibration)

BS 1377 : Part4: 1990

Location Job ref.
Borehole/
Pit no.
Soil description Sample no.
Depth m

Testmethod BS 1377 :Part4:1890:3.7 Date
Procedure Single sample/separate batches*

layers each vibrated for seconds
Initial sample mass g Particle density Mg/m?
Retained on 37.5 mm sieve %
Test number
Mass of mould + base + compacted specimen (m;) g
Mass of mould + base + collar (m,) g
Mass of compacted specimen (m;, — my)} g
Height of specimen (h) mm
Bulk density p = %5% Mg/m?®
Moisture content container No.
Moisture content (w) % , \
Dry density py = T(;g_(i-gw Mg/m?
*Delete as appropriate

Maximum dry density Mg/m?
Optimum moisture content %

dry density, Mg/m?

moisture content %

Operator Checked Approved
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Chalk crushing value

Location Job ref.
Borehele/
Pit no.
Soildescription Sample no.
Depth m
Test method BS 1377 : Part4: 19306
Initial sample mass g
Mass retained on 10 mm sieve
Percentage retained on 10 mm sieve
Moisture content* %
Saturation moisture content* %
Total Penetration or protrusicn mm
number
of blows Specimen(1) | (2) 3) (@) (5) (6)
1 |
2
3
4
5
6
7
8 |
9
10
20
30
40
50
Chalk
crushing i
value (CCV) ;
| Average CCV '
*If required : .
" | | L
?
B
L0 '
_ ! {
= ‘; j
= 30 ; i
3 i ;
= i
S
g 20
10
|
5 |
1 2 3 L S 6 78910 20 30 L0 0
Number of ticws
Operator Checked Approved
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California Bearing Ratio test {data for density)

Location Job ref.
Borehole/
Pit no.
Soil description Sample no.
Depth m
Sample preparation method BS 1377 : Part 4 : 1950 : 7.2.3/7.2.4/7.2.5*

Preparation procedure Static,

layer(s), with/without tamping*
2.5 kg rammer/4.5 kg rammer/vibrating hammer*

Specified density* Volume of mould Specified effort*
Mg/m® Vv cm? layers
blows per layer
*Calculated mass of soil required (m,) g
*Mass of mould + baseplate + soil {m) g
*Mass of mould + baseplate (m;) g
*Mass of soil {ms — my) g
*Soaking time days
*Time for water to appear
at top of sample
*Final swell mm
*Mass of mould + baseplate + soil after soaking (m,) g
*Mass of soil after soaking {m, — rn,) g
Maximum bearing ratio from plotting chart %
Bulk density {unsoaked)
fp= m\/. Mg/m? |
My~ M> 3
*p==2 2 Mg/m’
p v g/m
Moisture content (w) %
*Dry density (unsoaked)
_ 100p 3
P =00+ w Mg/m
*Delste as appropriate
Operator Checked Approved

46



1eel i) Elalldall

-

California Beariing Ratio test

BS 1377 : Part 4 : 1990

Location Job ref.
Borehole/
Pit no.
Soil description Sample no.
Depth m

Test method BS 1377 : Part4:1990:7.4
Force measuring device no. Unsoaked/soaked*

Mean calibration N/div
Penetration Force gauge Force Penetration Force gauge Force
of plunger reading on plunger of plunger reading onplunger
mm div kN mm div kN
0 Top Bottom Top Bottom 4.00 Top Bottom Top Bottom
0.25 4.25
0.50 4.50
0.75 4.75
1.00 5.00
1.25 5.25
1.50 5.50
1.75 | 5.75
2.00 6.00
2.25 6.25
2.50 ! 6.50
2.75 § 6.75
3.00 { 7.00
3.25 7.25 ;
3.50 7.50
3.75 !
*Delete as appropriate
Moisture content aftar test
Container No. CBR value at penetration
Mass of wet soil + container (m,) g of 2.5mm 5.0 mm
Mass of dry soil + container (m) g Top . o
Mass of container (m,)} g
Mass of moisture (m, - m,) g Bottom
Mass of dry soil {m; — m,) g
Moisture contentw = (:—;:—;—?) 100 % Accepted CBR %
Average moisture content %

Operator Checked Approved
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California Bearing Ratio test (graph)

Location Job ref.
Borehole/
Pit no.
Soil description Sample no.
Depth m

Test method BS 1377 :Part4:1990:7.4

Test on top face — ® — unsoaked/soaked*

unsoaked/soaked*

*Delete as appropriate

:;}ez

Test on bottom face —— x ——

Forco on plunger, kN

0 0.5 1 2 4 5 6 7 7.5
Penetration of plunger, mm
Topface Bottom face
CBR % at 2.5 mm
penetration of 50 mm
Operator Checked Approved
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