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Foreword

This British Standard was first published in 1948, under the authority of the Road Engineering Industry Standards
Committee, The third edition was published in 1967 but the need for a metricated edition soon became apparent
and this new edition is basically a metricated version of the third edition. L .

In making the change SI units have been used and wherever possible the dimensions have been rauonahzed ¢.g.
a length formerly specified as 12 in has been changed to 300 mm and not to the exact equwalent of 304,8 mm. ln
some instances, however, (e.g. Casagrande liquid limit device and the Calll'orma'Beanng Ratio test apparatus) the
dimensions cannot be rationalized in this way without international agreement on the manner in which the
rationalization should be done. In such instances the dimensions given are exact conversions from the imperial
units,

Where critical dimensions have been rationalized the equations in the standard relate, of course only to.these
new dimensions. It is recognized that equipment made to the specifications in BS 1377: 1967 may thus have been
rendered obsolescent. Both sets of equipment give the same results but it is important when using equipment to
the old specification to quote the final results in the same 8] units that are used in this edition. Provided tﬁat care
is taken to ensure that the correct factors are used in the equations and calculations, apparatus made to canform
to BS 1377: 1967 may therefore continue to be used up to 1 January 1980. .

Where necessary the opportunity has been taken to revise the test procedures to take accounl of the increased
kriowledge that has been gained since the third edition was published. No changes of principle have been involved
but minor improvements have been incorporated into many of the test procedures, and more ma_|or changes made
to the following tests:

Test 6. Determination of the specific gravity of soil particles

Test 7. Determination of particle size distribution

Test 9. Determination of the total sulphate content of soil

Test 10. Determination of the sulphate con tent of ground water and of aqueous so:l extracts

In addition a test for determining the liquid limit of soils, using the cone penetrometer (see Test 2A) has been
included as this form of test is now widely used in many countries for assessing the upper l:mlt of plasticity of
soils.

In several instances methods are termed ‘standard method’ and submdnary method’ respectwely The former .
are more accurate but may be unsatisfactory for use in the laboratory or the field owing to the time, taken or the
need for equipment which is not easily obtainable, R

Typical forms are included for nearly all the test methods, to illustrate how the results’ may convcmently be
calculated and recorded. The layout of such forms is a matter of individual preference, but most of the typical
layouts have been printed so that photographic reproduction and enlargement to about A4 size will providea .
usable standard form. If there is likely to be a wide demand for these forms within industry the British Standards
Institution will be pleased to consider the printing of bulk suppiles at the usual rates,

In each of the methods the measurement of only one value of the quantity concerned is requ1red It is
recognized that it is necessary in many practical applications to make a number of tests in order to obtam a mean
value and an indication of its reliability. Guidance 6n the number of measurements required and the treatment of
‘the results obtained is regarded as being beyond the scope of the present standard. .

This edition is being published simultaneously with the related British Standard 1924 'Melhods of test for
stabilized soils’, which has also been prepared in a metricated edition. This has been done to ensure that whcre
sirilar tests exist for natural and stabilized soils the same test procedures are speur ed in the respec.twe standnrds
thus making it possible to compare results obtained with natural and slnblhzed soils. .

The term ‘specific gravity® has been retained in this edition. The term recognized by the International
Organization for Standardization (ISO) for this concept is ‘relative density” but the latter term is used in soils
engineering with reference to the relationship between the voids ratio of the soil in its loosest state and the.
voids ratio of the soil in its densest state (see BS |99I ‘Letter symbols, signs and abbreviations’, Part 4 ‘Structures,
materials and soil mechanics’. :

H -
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BS1377:1975 @

¥ British Standard Methods of test for .
~ Soils for '.
' civil engineering purposes R

.J —
1. General B s f
-, . ‘ i
e 1.1 Scope _
: This British Standard specifies methods of test for soils for cml englneenng purﬁoses ;
- NOTE. The titles of the British Standards referred to in this standard are listed on the inside back cover. i
o o : ;

1.2 Definitions and symbols o

i 1.2.1 Definitions. For the purposes of this British Standard the followmg deﬁnmons and those gwen in BS 892
W apply:
(1) Liquid limit (LL). The moisture content at which a soil passes‘from the plasnc to the hquxd state, as
determined by the liquid limit test.
= (2) Plastic limit {PL). The moisture content at which a soil becomes too dry to be in a plastic condmon as :
determined by the plastic limit test. - : ;-
. (3) Plasticity index {PI). The numerical difference between the liquid limit and the pIastlc limit of a 5011 '
E (4) Non-plastic. A soil with a plasticity index of zero or one on which the plastic limit cannot be determined.
I ’ (5) Particie size distribution, The percentages of the various gram sizes present in a soil as determined by
sieving and sedimentation,
; {6) Cobbles. Rounded or sub-angular stones of sizes beiween 200 mm and 60 mm. . ‘ _
o {7) Gravel fraction. The fraction of a soil composed of particles between lhe sizes of 60 mm and 2 mm. The R
e gravel fraction may be subdivided as follows:

BS test sieve sizes to be

. used for separation*
L Coarse gravel 60 mm to20 mm 63 mm to 20 mm
Medium gravel 20mmto 6mm 20mmto 6.3 mm
Fine gravel 6mmtio 2mm 6.3 mm to 2 mm

(8) Sand fraction. The fraction of a ‘soil composed of particles between the sizes 2. 0 mm and 0 06 mm. The
sand fraction may be subdivided as follows:

BS test sieve s_izes to be
used for separation™®

, NN
N Coarse sand 20 mmto 0.6 mm 2.0 mm to 600 pm 3, \\ \\\
oy ' Medium sand 0.6 mmte02mm 600 pmto 212 pm /] \X_:
Ciw \ Fine sand 0.2 mm to 0.06 mm 212 pm to 63 pm K 3
(9) Silt fracnon The fraction of a soil composed of' parhclcs belween the sizes 0 06 mm and 0 .002 mm. The ‘
e silt fraction may be subdivided as follows: ‘
' Coarse silt 0.06 mm to 0.02 mm X ‘ 5 :
Medium silt 0.02 mm to 0.006 mm ' .
Fine silt 0.006 mm to 0.002 inm

W : (10) Clay jraction. The fraction of a soil composed of parucles smaller in size than 0 002 mm.
o (11) Cohesive soil, A soil which, by virtue of its clay content, wiil form a coherent mass.

(12) Non-cohesive suil, Granular soil, A soil which will not form a coherent mass,

(13) Samplmg Thc selccuon of a reprcscntauve porlion ofa matenal

*These are thc h.-t sieve HZM'. nearest to the theoretical sizes. When thc 2.0 mm and 63 pm sicves are not avallnblc the 2.36 mm
{No.-7)and 15 pm (No. 200) sieves may be used without seriously affecting the result.
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(14) Quartering. The reduction in quantity of a large sample of material by dividing a circular heap, by
diameters at right angles, into four approximately equal parts; removing two diagonally opposite quarters,

and mixing the two remaining quartérs intimately together so as to obtain a truly representative half of the
original mass. The process is repeated until a sample of the required size is obtained. . o

(15) Riffling. The reduction in quantity of a large sample of material by dividing the mass into two
approximately equal halves by passing the sample through an appropriately sized riffle (or riffle box). The.
process is repeated until a sample of the required size is obtained. e L

(16) Compaction. The process of packing soil particles more closely together by rolling or other mechanical
means, thus increasing the dry density of the soil. , . T
(17) Consolidation. The process whereby soil particles are packed more closely together over a period of time
by application of continued pressure. ‘ ‘ L ‘ S
(18) Bulk density. The mass of a material (including solid par}i}iles and any coniained water) per unit volume
inclnding voids. , l p o

(19) Dry density. The mass of the dry material, after drying to constant mass at 105 °C, contained in unit.
volume of undried material. i S -

(20) Moisture content®. The mass of water which can be removed from the soil, usually by heating at 105 °C,
expressed as a percentage of the dry mass. ' _ : ‘ o

(21) Optimum moisture content, The moisture content at which a specified amount of compaction will
produce the maximum dry density (see Fig. 1). _ L, .
(22) Maximum dry density. The dry density obtained using a specified amount of compaction at the optimum
moisture content (zee Fig. 1). . . o

(23) Relative compaction. The percentage ratio of the dry density of the soil to the maximum dry density of
that soil, as determined by a specified laboratory compaction test. o _ I
(24) Dry density{moisture content relationship. Thé_relationshjp between dry density and moisture contznt of
a soil when a given compactive effort is employed. ) .

t

(25) Percentage air voids. The volume bf zir voids in"the soil expressed as a percentage of the total volume of
the soil. : N . o L
(26) Air voids line, A line showing the dry density/moisture content relationship for soil containing a constant
percentage of air voids. (Air voids lines are shown in Fig. 1.) The line can be calculated from the equation:

R

. 100
1+ w
G, 100
where
Pd is the dry density of the soil (Mg/m?);
Pw is the density of water (Mg/m®);

¥, is the volume of air voids in the soil, expressed as a percentage of the total \Iroluine of the soil;
G, is the specific gravity of the soil particles; ‘
w is the moisture content, expressed as a percentage of the mass of dry soil.

(27) Saturation line (zero air voids line). A line showing ithe dry densitylmoisturel content relaﬁonshib fd;’ soil
containing no air voids. The saturation line is also shown on Fig. 1. It is obtained by putting f’_.__ 5‘-\0 in the
equation given in definition {26). (¢ ™~

-

\{ I h

W

+1
.

. | Documents
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¢ Although the term moisture content has been used ih}ougﬁoili-!lﬂs stundaid. lhe term wa;er contcﬁt is alsé widely useﬂ and
cither may be employed. ‘ B ’
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. o =
. Moisture content (%) o o
K -:—.::;:::::;:::’::"Et:::/
' Fig. 1. Terms used in compaction tests N i .
1.2.2 Symbols. For the purposes of this British Standard the followmg symbols and those given in BS 1991 Parts _- . :_'
1 and 4 and used: A .
Term ‘ * Symbol Term . Symi:bl : '
Moisture content w Secondary compressmn ratm x5
Liquid limit 1L Vane shear strength : A
Plastic limit PL Penetration resistance ‘ N Loy
Plasticity index Pl Unconfined compression slrength of N .
Non-plastic NP Maximum principal stress différence (o1 —a3)¢ I
Linear shrinkage LS Specific gravity of soil particles - Gy '
California Bearing Ratio CBR . Bulk density of soil . A B
’ Coefficient of volume compressibility - Dry density of soil P E
(one dimensional) m, Density of water L Py
Coefficient of consolidation Y Percentage air voids N - W R
Initial compression ratio A Degree of saturation Sr ‘

Primary compressjon ratio - o

1.3 Apparatus
Apparatus shall comply with the requuements of British Standards, where these are avallable For example,

"BS 410 Test sieves
BS 593 Laboratory thermometers : S
BS 604 Graduated measuring cylinders !
BS 718 Density hydrometers and spemﬁc gravity hydromelers

< - BS733 Density bottles

= BS 846 Burettes and bulb burettes \‘ o :
BS 1583 One-mark pipettes _ \ o o o ®
BS 1739 Filter flasks ' \ ‘ : : :
BS 1752 Laboratory sintered or fritted ﬁlters h o e .
BS 1792 One-mark volumetric flasks . o , - ; : -

BS 1923 Glass filter funnels ‘ ‘
BS 2648 Performance requirements for electncally heatcd laboratory drymg ovens ‘
BS 3423 Recommendations for the design of glass vacuum desiccators

8 D_b{ uments
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For the type of materials covered by this British Standard full tolerance sieves will be sufficiently accurate.
Sieves with 5 mm aperture size and above shall be perforated plate square hole test sieves. Below that size they
- 'shall be woven wire test sieves, i :
The essential details of the equipment illustrated in this standard have been indicated by asterisks in f.he ﬁgures
The manufacturing tolerances on the essential dimensions shall be as shown below unless other tolerances are .
shown in the figures.

{1) % 1.0 mm on dimensions greater than 300 mm.
(2) +0.5 mm on dimensions between 100 mm and 300 mm as fractions.
.{3) £0.15 mm on dimensions up to and including 100 mm.

Where mass is an essential requirement the tolerance on the mass is s‘*orwi in the figure.
NOTE 1. The following range of balances covers the requirements of all the tests in this standard:

Capacity 100 g 250 g 1kg 2 kg Skg 10 kg 25kg

Accuracy 0.001g 001g 0lg 0.2g 05g lg Sg
NOTE 2, The following palette knives cover the requirements of all the tests in this standard:

Length 100 mm 200 mm

Breadth 20 mm 30 mm

1.4 Grouping of soils

For the purposes of the tests described in this British Standard soils sh'rll be grouped as follows:

(1) Fine-grained soils. Soils containing not less than 90 % passing a 2 mm BS test sieve
(2) Medium-grained soils. Soils containing not less than 90 % passing a 20 mm BS test sieve.
{3) Coarse-grained soils. Soils containing not less than 90 % passing a 37.5 mm BS test sieve,

The grouping of a soil thus depends on the result of a sieve analysis. Any soil shall be regarded as belonging to
the finest-grained group appropriate under the definitions given above,

Soils with a greater proportion of material than about 10 % retained on a 37.5 mm BS test sieve cannot usefully

be examined by any of the tests in this British Standard except the sieve ana]ysrs and the plastrcrty tests. They
would, of necessily, fall into the range of materials classed as aggregates which are covered by BS 812,

1.5 Preparatinn of disturbed samples for testing

1.5.1. General. This clause covers the preparation of soil samples as received from the field and their allocation
for subsequent tests (see Note 1).

1.5.2 Apparatus. The following apparatus is rcqurreﬂ

(1) a balance readable and accurate to 0.1 g.

(2) a balance readable and accurate to 1 g.

{3) a means of breaking up aggregations of soil without reducmg the size of the mdmdual particles, e.g. a
mortar and a rubber pestle similar to the one illustrated in Fig. 2, or a suitable mechanical device.

(4) British Standard test sieves of the following sizes: 425 pm, 2 mm, 5 mm, 20 mm, 37.5 mm. ,

(5) a lhermostallcally controlled drying oven capable of malntarnmg a temperature of 45 °C to 50 °C and of
105°Cto 110°C.

(6) Sample dividers, e.g. of the multiple-slot type (riffle box) similar to those shown in Fig. 3.

| 30 mm 150 mm

ﬁr Cemented joint

@45 mm

WOo,d' héhdle
, .

l'.:“_:'l Rubber

‘This design has been found sat:sfactory, but alternative dcs[gns may be employcd provlded thal lhe essenhal rcquu-emcnts are
fulfilled. (Essential dimension is indicated by an asterisk)

1899

Fig. 2. Rubber pestle -~ - Documents
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NOTE. All dimensions except A are approximate only.

Maximum size Number Internal dimensions Internal dimensions
of sample of slots of the boxes (3 required)

A B C D E F

mm mm mm mm - mm . mm mm
40 , 50 ' 70 ”
20 30 40
10 15 80 30 90

5 7 20 15 50 0 - 90

This design has been found satisfactory but alternative designs may be employed prdvidéd that the éSscnﬁal fcdﬁir&nents are’
fulfitled. . e )
. B ]

Fig. 3. A suitable type of sample divider (riffle) N o
S ‘Documents N
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1. 5 3 Geneml preparatlon of smnpletsee Note 1) The gencral method for the preparation of a sample is as
follows

(1) An asScssmcnt should be made of whelher the sod is to be classnﬁed as a fine-grained, medium-grained or

" toarse-grained soil (see 1.4). In many cases this will be known or seif-evident but, in doubtful cases or where
: Lonﬁrmatlon is.required, a portion of the sample should be sieved through the appropriate sieve or sieves,

gcnerally using the procedure given under Test, 7(A) or 7(B). The size of sample used for this shall be in

" - accordanie with the following table.

Maximum size of material present
in substantial proporllon o
{more than 10 %)’ :

Minimum mass of sample
to be taken for sieving

> 20 n 15
<20bw>2 2
<2 - h 0.1

(2) The total mass of sample required depends on the soil group and the tests to be carried out but, to ensure a

representatlvc sample the total mass should not, in general, be less than the following minimum masses:

fine-grained 5__?1]5 500 g;
medium-grained soils - 5 ke;
coarse-grained soils ‘ 30 kg

The aclual mass of sample required can be assessed by multiplying the mass given in the table below (which
includes some allowance for drying, wastage and rejection of stones where required) by the maximum number
of tests envisaged. Where the total mass of sample so calculated is less than the minimum mass given above for

§ the appropnate soil group then that minimum mass shall be taken.

Type of lest ‘ 5 - Soil group
Fine- Mediuvm- Coarse-
, 3B grained grained grained
Moisture content Test 1{A) 50g 350¢g 4 kg
" Moisture content Test 1{B) .50g 350¢ 3kg
Moisture content Test 1(C) 50g 350 ¢ -
Liquid Jimit Test 2(A) 500 g l kg 2kg
" Liquid limit- Test 2(B) 500 ¢ 1 kg 2kg
- Liquid limit Test 2(C) 150 g 250 g 500 g
-~ Plastic limit Test 3 50g 100 g 200¢g
Linear shrinkage Test 5 500 g 800 g 1.5kg
Specific gravity Test 6(A) 300g 600¢g 600 g
Specific gravity ~ Test 6(B) 100 g 100 g 100 g
Particle size distribution  Test 7(A) 150 g 2.5kg 17 kg
Particle size distribution  Test 7(B) 150 g 2.5 kg 17kg
Particle size distiibution Test 7(C) | 100g 100 g 100 g
* Particle size distribution Test 7(D) 250 g 250g 250 g
Organic matter content  Test 8 | 150 g 600 g 35kg
Sulphate content Test 9 150 g 600 g 3.5kg
Sulphate content Test 10 150 g 600 g 35kg
pH value Test 11{A) 150 g 600 g 3.5kg
pH value Test 11(B) 150 g 600 g 3.5kg
Compaction test* Test 12 {10 kg) {10 kg) (10 kg)
L , 25k 25kg -~ | 25kg
Compaction test* Test 13 (10 kg) (10 kg) (10 kg)
. 25 kg 25 kg 25 kg
Compaction test* Test 14 (50 kg) (50 kg) {50 kg)
o 80 kg 80 kg 80 kg
California Bearing Ratio  Test 16 6 kg o kg 12 kg

* The masses given in brackets apply only when the soil is nat susceptible to crushing during compaction (scc Note 2). DOC ume ntS
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Tests not covcred in this table are those in which undlsturbcd samplcs are used or where tests arc made on
‘the soil in situ.

(3) Iif the moisture content of the natural soil, as received, is rcqmred represcntatwc samples of the foliowmg
minimum masses shall be obtained by rlfﬂmg or quartcrmg

Test 1{(A) Test 1(B) Test l(C)
For fine-grained soils g 30¢g 30 .
For medium-grained soils 300 g 300g 300¢g
For coarse-grained soils 3kg 2kg - —

Where samples are being taken for moisture content delcrmmanon the use of shallow trays for stormg or
carrying should be avoided as these expose the samples unnecessarily to evaporalion or rainfall. Such samples
should be kept covered, if not sealed, except when material is actually being extracted. .. .,

(4) If the California Bearing Ratio is to be determined (see Test 16) the appropriate quantlty of material shall
be removed from the main sample and sealed in a container so as to prevent loss of moisture until such time as
the tests are carried out. \
(5) The soil sample (or the remainder if procedurcs (3) or (4) are carned out) shall be brought to a state m

. which it may be crumbled, il necessary by drying it in air or in the oven, This shall be done ata temperature
rot exceeding 50 °C, Oven drying at 105 °C to 110 °C may be cmploycd provided this dnes not affect the
results of the tests to be carried out subsequently (sce Note 3).

1.5.4 Preparation for cIassrfrcauon and chemical tests (Tests 1 to 11)

3

1.5.4.1 The aggregations ofp’rrtrclcs in the sample obtained in 1.5. 3(5) shali be broken down in such a way as to
avoid crushing the individual particles. Care shall be taken that no particles are crushed in this operatlon but that ‘
all aggregations of particles are broken down so that if 1hc sample was sieved on a 2 mm BS test sieve only individual
particles would be retained. -
1.5.4.2 The sample obtained in 1.5.4.1 shall be mixed thoroughly and thcn subd1v1ded elther by quartcrmg, b)
riffling, or by other suitable means until representative subsamples of the minimum masses gwen after suuable\
further preparation where necessary, are obtained for the appropriate tests,

(1) Tests 1{A), 1{B) and 1{C). (Determinations of the moisture content of the prepared samp!es}

Test 1(A) Test 1(B) Test l(C)
For fine-grained soils 30¢g 30g 30g
For medium-grained soils 300g 300g 300g
For coarse-grained soils 3kg 2kg —

(2) Tests 2(A), 2(B), 2(C), 3, 4 and 5. {Determination of liquid limit, plastic lrmzt plasticity mdex and Imear
shrinkege). Sufficient of the material obtained in 1.5.4.1 shall be taken so that when sieved through a 425 pm
BS test sieve the following quantities of maler&el passing the test sieve are obtamed (see Note 4).

Test 2(A) 200 g

Test 2(B) 200g

Test 2(C) 50g

Test 3 20g

Test 4 No additional sample required .

Test 5 150 g h- L

Care shall be taken that no particles are crushed but that all aggregauons of pnrtlcles are broken down so
that only individual particles are left on the sieve (sec Notes 5 and 6). The proportion of material | pa‘:smg thc
425 pm BS test sieve shall be recorded (see Note 7). :

(3) Test 6{A). {Determination of specific gravity). A 200 g sample in the case of fine- gramed smls and 400 g in
the case of medium- or coarse-grained soils prepared as in 1.5.4.1 shall be taken, and stones larger than 37.5 mm
diameter shall be broken down below this size. The sample shall be oven dried at 105 C to 110°C (see Note 8).

(4) Test 6({B). {Determination of specrf ic gravity). A 50 g sample shall be taken from the material prcparcd as
in 1.5.4.1 and, if necessary, ground to pass a 2 mm BS test sieve. A representative 5 g to 10 g subsample shail
be obtained and oven dried at 105 °C to 110 °C (see Note 8).

(5) Tests 7f{A ) and 7(B). (De!ermmauon of parrrcle sre drsmbutran} Suf f‘ c:ent matenal prepared as in l 5 A1
shall be taken and oven dried at 105 °C to 110 °C to give the minimum mass in accordance with the following
table.

Documents
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Maximum gize of material present ' | Minimum mass of sai'hple
in substantial proportion to be taken for sieving
{more than 10 %)

retalned on BS test sleve

mm .| kg
63 s 50
50 35
375 15
28 5
20 2
14 1
10 _ 0.5

6.3 0.2

Passing 2 mm, 600 pm, 300 pm 0.1

or 63 pm

(6) Tests 7(C}and 7(D). (Determination of particle size distribution). (Apllai.i'calbie only to soils with ;ﬁofe
than 10 % passing the 63 pm BS test sieve. The following quantilies of material prepared as in 1.5.4.1 are
required: ' o :

Test 7{C) 60g

Test 7{D) 200 ¢

(7) Tests 8, 9, 10, 11{A)and 11(B). (Determination of organic content, sulphate content and pH value). ..
The preparation of the samples for these tests are fairly involved and are given, therefore, under the respective .
test procedures. The following quantities of material prepared as in 1.5.4.1 are required for each test:

for fine-grained soils 100 g;

for medium-grained soils 500 g;

for coarse-grained soils 3kg

1.5.5 Preparation for compaction tests and stréngth tests (Tests *2 to 21). The fneihdds of prébaraﬁoh of sarﬁbiés ~
for appropriate tests are as follows.

(1) Tests 12 and 13 (Compaction tests using a rammer). A portion of the material, prepared as in 1.5.3(5) and
large enough to provide about 6 kg of material passing a 20 mm BS test sieve (for soils not susceptible to ..
crushing during compaction), or about 15 kg of material passing a 20 mm BS test sieve (for soils susceptible to
crushing during compaction), shall be taken (see Note 2). This portion shall be sieved on a 20 mm BS test sieve
and the coarse fraction rejected after its proportion of the total sample has been recorded. :

Aggregations of particles shall be broken down so that, if the sample was sieved on a 5 mm BS test sieve,
only individual particles would be retained.

(2) Test 14 (Compaction test using a vibrating hammer). A portion of the material, prepured asin 1.5.3(5) and

large enough to provide about 30 kg of material passing a 37.5 mm BS test sieve (for soils not susceptible to

crushing during compaction), or about 50 kg of material passing a 37.5 mm BS test sieve (for soils susceptible

to crushing during compaction), shall be taken (see Note 2). This portion shall be sieved on a 37.5 mm BS test

sieve and the coarse fraction rejected after its proportion of the total sample has been recorded. o e
Aggregations of particles shall be broken down s6 that, if the sample was sieved on a 5 mm BS test sieve, ‘

only individual particles would be retained. N

(3) Tests 15(A). 15(B), 15(C), 15(D), 15(E) and 15(F). (Dry density determinations). These are site tests for
which no sample preparation is required.

(4) Test 16 {Determination of the California Bearing Ratio). A portion of the material obtained as specified
in 1.5.3(4) and large erough to provide about 6 kg of material passing a 20 mm BS test sieve for each test,
shall be taken. This portion shall be rubbed through a 20 mm BS test sieve and the coarse fraction rejected
after its proportion of the total sample has been noted (see Note 9).

(5) Test 17. {Determination of one-dimensional consolidation), Test 20 {Determination of the unconfined
compressive strength using partable apparatus) and Test 21 { Determination of the compressive strengtl, etc.}
These tests are carried out on undisturbed samples of soil. The preparation of these samples is given under the
relevant test procedures. |

(6) Test 18. {Shear strength determination by field vgmel and Tésr 19 (Detémzina!iou of the penetration - .
resistance using the split-barrel sampler ). These are site tests for which no sample preparation is required.

| Documents
L ' 12 : I -
1903 . j t183



http://www.avadocuments.com/doc/bs-1377-1975
http://www.avadocuments.com/doc/bs-1377-1975

NOTE 1. The procedwe for sampling is not descnbed in tlus stnndard Re[crence should be madc to CP 2001 for details ot‘ the
methods.
NOTE 2. The soil should be considered susceptible to erushmg dunng compactlon if thc sample ccmlams grnnulm' matenal ofa
soft nature, ¢.g. soft limestone, sandstone, ctc., which is reduced in size by the action of the rammer or vibrating hammer,
NOTE 3. Air drying has been speclf“ cd in the prcpamt:on of soil samples for testing since with some soils irreversible changes
take place in the soil when it is oven dried at 105 °C to 110 *C. With many soils, howevcr. this effect is of negligible practical
significance. Do nat oven dry samples to be used for plastlmy or pH lests at above 50 °C. Orgnmc soils and certam tropical
soils are cven affected by air drying and should be used in their natural state, . .+ .

In the United Kingdom samples may be air dried by leaving them spread out on trays in thc laboralory w1th froe access to
air for three or four days. Some silts and clays without !n:ge pnrtlcle sizes may be uscd in theu' natural state I'or ccrta.m tests
instead of being air dricd.
NOTE 4. When tcsting samples of natural seil, if no stones are presr-nt in thc scul and 1t p:aehca.lly all passes thc 425 pm BS test
sieve, it is often convenient to carry out plasticity tests on samples without previeusly preparing them as-described in 1.5.4.2(2).
When soils are tested in the natural condition the results will usually differ from thosc abtained with air dm.d ,Ssamples State in
the test record that the seil in the natural condition was uscd.
NOTE 5. Care should be taken to see that test sicves arc not averloaded (sce Appendlx A). e
NOTE 6. With granular soils it is necessary to wet sieve through the 425 pm BS test sieve to nbtam the fmctmn requued W‘hen 0
this is earried out collect the material and water pnssmg the test sieve and allow to stand. When the water has become substantmlly
clear decant it and air dry the remaining sample as in 1.5.3(5).
NOTE 7. It should be remembered that the recorded prapartion passing the 425 pm_BS test 5lcve. w1ll bc only approxtmate as the
determination is made with air dried soil.
NOTE 8. Oven drying of the soil has been specified for convenience. If there is any reason to bclu-ve that thls W‘lll chnnge the
specific gravity due to loss of water of hydration the soil should be tested in its natural condition nnd the mass of soil used
determined by oven dry!ng at the end of the test. AT e
NOTE 7. If the test is to be made on samples containing larger p:u'l:eles t]mn 20 mm the frnctmn retnmcd on the 20 mm BS test
sieve should be removed. If this does not exceed 25 % of the whole it is unnecessary to make any correction. If the percentage
retained on the 20 mm BS test sieve is greater than this, it sheuld be replaced with a similar fraction of 20 mm to 5 mm material
ftom the main sample.

g
e
7

2. Soil classification tests

2.1 Test 1. Determination of the moisture content
2.1.1 Test 1(A). Standard method (oven drying method) o : X

2.1.1.1 General. This methocl ¢overs the determination of the moisture content of soil es a percentage of its dry
mass.

s

2.1.1.2 Apparatus, A thermostaticaily controlled drymg oven capable of mamtammg a temperature of 105 C to
110 °C (see Note 1) is required, together with the following: y

For fine-grained soils g
(1) A glass weighing bottle fitted with a ground glass stopper or cap, ora suntable alrtlght non- corrod:ble
metal container (a convenient size is 50 mm diameter and 25 mm high).
(2} A balance readable and accurate to 0.01 g.
(3) A desiccator (a convenient size is 200 mm to 250 mim dlameler) contamtng anhydrous snhca gel (see
Note 2).

For medium-grained soils
(1) An airtight non-corrodible container of about 300g capacity.
{2) A balance recadable and accurate to 0.1.g. ;o
(3) A scoop (a convenient size is one about 200 mm long and 100 mm mde'

JJ'

For coarse-grained soils
(1) An airtight non- -corrodible contamer of about 3 kg capacity.
(2) A balance readable and accurate to 1 g.
(3) A scoop (a convenicnt size is one about 200 mm long and 100 mm w1de)

2.1.1.3 Procedure. The proeedures for the various soils are as follows,

(1) For fine-grained soils G
a. The weighing bottle or container shall be clcancd dncd and welghcd to the nearest 0 01 g (ml) A
sample of at lcast 30 g of soil shall be crumbled and placed looscly in the container or the weighing bottle
and the lid or stopper shall be replaced. The contamer or bottle and contents shall then be weighed to the
nearest 0.01 g {my).

b. The lid or stopper shall then be rcmoved and lhe container or, botlle wﬂh 1ts lld and (.ontr-nts shall be
placed in the oven and dried at 105 °C to 110 °C (sec Note 3) The period requlred for. drymg w1ll vary
with the type of soil and the size of samplc The sample shall be deemed to be dry when the dlfferences in
successive weighings of the cooled sample. (scec andd.)at mtervals of 4 h, do not exceed 0.1 %. ol’ the ‘
original mass of the sample (sec Note 4), The lid or stopper shall not be replaced while the sample is in the

oven. | | Documents
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c. After drying, the container or bottle and contents shall bc rcmoved f rom lhc oven and thc whole placcd
in the desiccator to cool (see Nate 5).

d. The lid shall be replaced and the container or bottle and contents shnli then bc we:ghcd to lhc ncarcst
0.01 g (m3). ¢

(2) For medium-grained soils ¥
a. The container shall be cleaned, dried and weighed to the nearest 0.1g (ml) A sampxe of at least 300 g of
soil shall be crumbled and placed loosely in the container, and the lid shall be replaced. The container and
contents shall then be weighed to the nearcst 0.1 g ().

b. The lid shall then be removed and the container and centents shall bc placcd in the oven and dned at

105 °C to 110 °C (see Note 3), The period required for drying will vary with the typc of soil and the size
of sample. The sample shall be deemed Lo be dry when the differences in successive wcxghmgs of the cooled
sample (see ¢, and d.) at intervals of 4 h do not exceed about 0.1 % of the or:gma! mass of the scul (see/ )
Note 4). The lid shall not be replaced while the sample is in thc oven. Nt

¢. After drying, the lid shall be replaced and the whaole allowed to cool.
d. The container and conients shall then be weighed to the nearest 0.1 g (mj).

(3) For/coarse-grained soils
a. The container shall be cleaned, dried, and weighed to lhe nearest [ g ("'1) A sample of at least 3 kgof . .
soil shal! be crumbled and placed loosely in the container and the lid replaced. The container and contents c
shall then be weighed to the nearest 1 g (m,). -
b. The lid shall be removed and the container and contents shall be placed in lhe oven and drwd at 105 °c
to 110 °C (see Note 3). The period required for drying will vary with the type of soil and lhc size of the
sample. The sample shall be deemed Lo be dry when the differences in successive wclghmgs of the cooled
sample (see ¢, and 4.) at intervals of 4 i do not exceed about 0.1 % of the original mass of the soil (see.
Note 4). The lid shall not be replaced while the sample is in the oven. )

¢. After drying, the lid shall be replaced and the whole allowed to (.001

d. The container and contents shall then be weighed to the ne'nre!st 1 g (m3)

2.1.1.4 Calculations™ The moisture content of the soil, w, shall be calculated, as a percentage of the dry so:l mass,
from the equation:

My — M
\V=_2_3_ X ]00%
n3 — My

where
nt is the mass of container (g);
1, is the mass of container and wet soil (g);
my is the mass of container and dry soil (g).

2.1.1.5 Reporting of results. The moisture content of the soil, w, for, values up Lo 10 % shall be rcporled to. two
sipnificant figures. For moisture conients above 10 % the result shall be reported (o the ncaresl whole number
(see Note 3). The method {ki to obtain the results shall be stated.

Notes on Test 1{A)

NOTE 1. A microwave oven may.be employed prowdcd prehmmmy tests show that thc sml dues not cxcecd a tcmperaturc of
110 °C before afl the water is driven off. If a microwave oven is used metal containers are not suitable and the soil should be
dried in glas.s, silica or polytetrafluoroethylene (PTFE) evaporating dishes. . Co

NOTE 2. It is preferable Lo use sclf-indicating silica gel as the desiccant. Calcium chlor[dc should not be uscd as 1l is known thal
many clays when oven dry are capable of absorbing water fromit. - :

NOTE 3. Soils containing gypsum, Certain soils contain gypsum which an heating loses its water of crystnlhzntlon Thc mmsture
conient determined by this method will be alfected by approximaltely 0.2 % for each 1 % of gypsum. If it is suspected that
gypsum is present in the soil the moisture content snmplcs should be dried ot not more than 8¢ °C and possubly fora longcr
time. If the standard conditions are not used, state in the test record the drying conditions used.

NOTE 4. Drying time of soils. 16 h to 24 h is usually a sufficient length of time fer drying most soils, bul certain soil typcs nnd
large or very wet samples will require longer. The drymg time will also depend on' the amount of material in the oven.

NQTE §. If the lids of the containers fit well and it is unlikely that the samples are to be left for a considerable time bl:forc
weighing, the samples need not be placed in the desiceator to cool, unless glass wughing botlles with ground glass stappers have

been used.

2.1.2 Test 1(B) Subsidiary method (sand bath method)

2.1.2.1 General This method covers the delermmatlon of the mmslure c.ontcnl of a soll asa percentage of llS .
dry mass. It is intended as a rapid alternative to Test 1(A), but is less accurate and is more suitable as a site test.

*See Form A, Appeﬂdix B. DOCU ments
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The method shall not be used if it is suspected that the soil contains a large preportion of gypsum, calcareous
matter or organic matter.

2.1.2.2 Apparatus. The following apparatus is required.
For fine-grained soils

(1) A suitable airtight, non-corsodible metal container, approximately 50 mm in diameter and 25 m'rn deep.
(2) A balance readable and accurate to 0.1 g.

(3) A sand bath approximately 200 mm diameter and contarmng clean sand to a depth of at least 25 mm.

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

{4) Equipment for heating the sand bath,e.g. a bottled gas or parafﬁn pressure stove.

(5) A palette knife (a convenient size is one having a blade 100 mm long and 20 mm wide).

For medium-grained soils

{1) A balance readable and accurate to 0.5 g.

(2) A heat-resistant tray about 200 mm square and about 50 mm deep.

(3) A sand bath containing clean sand to a depth of at least 25 mm and large enough tl. tal-ce the tray A
larger bath may be used to heat several samples at once. : \;“ b

(4) Equipment for heating the sand bath, e.g. a bottled gas or paral‘t‘ in pressure stove. -

{5) A paletie knife (a convenient size is one having a blade 100 mm long and 20 mm wrde)

(6) A scoop (a convenient size is one about 200 mm long and 100 mm wide).

For coarse-grained soils Lo

{1) A balance readable and at.curate tolg : W2
{2) A heat-resistant tray about 250 mm square and 50 mm 10,70 mm deep o

(3) A sand bath, containing sand to a depth of at least 25 mm and large enough to take the tray
(4) Equipment for heating the sand bath, e.g. a bottled gas or paral‘f‘ in pressure stove..

(5) A palette knife (a convenicnt size is one having a blade 200 mm long and 30 mm wide).

(6) A scoop (a convenient size is one about 200 mm long and 100 mm wrde)

2.1.2.3 Procedure. The procedures for the various soils are as follows.
For fine-grained soils '

(1) The container shall be cleaned, drled and welghed to the nearest 0 lg (ml) (see Note 1) A sample of
at least 30 g of soil shall be crumbled and placed loosely in the container, and the lid shall be replaced The
container and contents shall then be weighed to the nearest 0.1 g (m). + .
(2) After the lid has been removed, the container and contents shall be placed on the sand bath whlch shall
be heated by means of the stove, care being taken not to get the sand bath too hot (see Note 2). Dunng
heating, the sample shall be disturbed frequently and thoroughly with the palette knife to assist the evapora-
tion of moisture.
(3) When the container and contents lmve been heated for a penod sufﬁcrent to dry out the sample (usually
1 h is sufficient, see Note 3), they shall be removed from the sand bath, the lid replaced and the whole
allowed to cool. 5
(4) The container and contents shall then be werghed to the nearest 0.1 g (m3)

For medium- and coarse-grained soils W&

(1) The tray shall be cleaned, dried and weighed to the nearest 0.5 g (’"1) A sample, of at least 300 g for
medium-grained, and 2 kg for coarse-grained soils, shall be crumbled and spread out evenly in the tray. The
tray and contents shall be weighed to the nearest 0.5 g (1,) for medium-grained soils, and to the nearest

5 g (m3) for coarse-grained soils.

(2) The tray shall be placed on the sand bath whlch shall be heated by means of the stove, care bemg taken
not to get the sand bath too hot (see Note 2). During heating the sample shall be disturbed frequently and
thoroughly with the palette knife to assist the evaporation of moisture. . e

(3) When the tray has been heated for a period sufficient to dry out the sample (usually I hjis sufﬁcrent
see Note 3) it shall be removed from the sand bzth and allowed to cool. .. . . ‘ L

(4) Immediately the tray is cool enough to handle, the tray and eontents shall be welghed to the nearest
0.5 g for medium- gramed soils, and to the nearest 5 g for coarse-gramer.l sorls ('"3) ity

0
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2.1.2.4 Calculations®, The moisture content of the soil, w, shall be cnlculated asa percentage of the dry sorl
mass, from the equation:
=M =™ X 100%
my — .
where
m is the mass of container (or tray) (g);
e m, is the mass of container {or tray) and wet soil (g);
' my is the mass of container (or tray) and dry soil (g).

2.1.2.5 Reporting of results. The moisture content of the soil, w, shall be reported to the nearest whole number.
The method used to obtain the results shall be stated.

Notes on Test [{B)

NOTE 1. It is convenient when many containers are in bse to brlng them foa stnndnrd mass, .. 30 0 g by the nddttron ol‘
solder to the inside of the lid.

NOTE 2. Avoidance of overlicating. A convenient method of detectmg overheatmg of the soil is by tllc use ol' smnll pleces of
- white paper mixed witlh the soil. Overheating is indicated if the paper turns brown.
—_ NOTE 3. Period of drying. The drying period will vary with the type of soil, the size of sample nnd fi eld condmons nnd lt is:
C suggt:sled that when a large number of moisture determinations are to be made with one soil, several measurements should be -
made using different periods of drying to determine the minimum period required to effect adequute drying. The material shall
be deemed to be dry il the additional loss of mass when it is heated for a further period of 15 min does not exceed 0.1 g for 9
fine-grained soils, 0.5 g for mcdrum-grmned sm]s and 5 g for coarse-grained soils.

2.1.3 Test 1(C). Subsidiary method (alcohol method)

2.1.3.1 General. This method covers the determination of the moisture content of a sorl asa percentage ol' its dry
_‘ mass. It is intended as a rapid alternative to Test 1{A) but is less accurate and is more smtable as a site test,
; Because of the large quantity of methylated spirit required and the consequent risk of fire this method is not

advised for use with coarse-grained soils. The method shall not be used if the soil contains a large proportion of 5
clay, pypsum, calcareous matter or organic matter. w

2.1.3.2 Apparatus. The following apparatus is required. "

{1) An evaporating dish, preferably silica (a convenient size is one about 100 mm drameter for fine- gramed

B soils, and about 150 mm diameter for medium-grained soils).
. (2) A palette knife (a conventent size is one having a blade 100 mxn  long and 20 mm w1de)
9 (3) A length of about 200 mm to 250 mm of rod, about 3 mm 'Irameter (see Note) ' £

NOTE. A piece of metal rod has been found to be the most uscl’u‘ ’.ans of stl:rmg as the heat generntcd will soften a palelte
knifc blade and crack a glass rod.

(4) A balance readable and accurate to 0.1 g for ﬁne-gramed smls and 0.5 g for medrum-grmned sorls

(5) Methylated spirit,

2,1.3.3 Procedure. The procedure is as follows.

{1) The evaporating dish shall be cleaned, dried and Welghed to the nearest 0.1 g for fine- gramed soils, and
0.5 g for medium-grained soils (2, ).
(2) A sample of soil, about 30 g for fine-grained soils, and 300 g for medrum-gratned sorls shall be placed in
the evaporating drsh and the evaporating dish and its contents weighed to the nearest 0.1 gor0.5g respectwely
().
. (3)2A quantity of methylated spirit, about 30 ml for fine-grained soils, and 300 ml for medrum-grarned sorls
shall be poured over the soil so that it is well cavered. The methylated spirit shall be worked well into the soil
N with the palette knife and any large lumps of soil broken up.
(4) The evaporating dish shall be placed on a surface unlrkely to be n{' fected by heat and the methylnted
spirit ignited.
{5) The soif shall be stirred constantly with the piece of rod care being taken to see that none of the soil
is lost.
(6) The dish of soil shall be allowed to cool after the methylatcd splrlt has burnt away complctely, and when .

cool enough to be handled the dish and contents shall be weighed to the nearest 0,1 g for fine-grained, and 0.5 g l
; for medium- gramed soils (m3).
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2.1.3.4 Calcudations*. The moisture content of the soil, w, shall be calculated asa percentage ofthe dry soil . .
mass, from the cquation: o

w=-2_T1 x 100% | E
hy — my o -
where
5 my, is the mass of dish (g);
m, is the mass of*dish and wet soil (g):
y mj is the mass of dish and dry soil (g).

2.1.3.5 Reporting of results. The moisture content of the soil, w, shall be reported to the ncarest whole number.
The method used to obtain the results shall be stated.

0

2,2 Test 2. Determination of the liquid limit
2.2.1 Test 2(A). Preferred method using the cone penetrometer (see Note 1)

2.2.1.1 General. This method covers the determination of the hquld limit of the air dried soil. The method may
also be used on a sample of soil in its natural state (see Note 2).

. 2.2.1.2 Apparatus. The following apparatus is requued

(1) A flat glass plate (a convenient size is one 10 mm thick and 500 mm Square)
_ (2) Two patette knives (a convenient size is one having a blade 200 mm long and 30 mm wrde) o
N (3) A penetrometer as used in bituminous maierial testmg complymg with the requirements of BS 4691, and
generally as illustrated in Fig, 4. )
(4) A cone of stainless steel or duralumin approximately 35 mm Iong, wrth a smooth pohshed surface .mcl an
angle of 30 = 1 °. To ensure that the point remains sufficiently sharp for the purposes of the test, the cone
should be replaced if after continued use the point can no [onger be felt when brushed hghtly wrth the tip of
the finger when the tip of the cone is pushed through a hole 1.5 mm in diameter, bored through a metal platc
1,75 £ 0.1 mm thick. The cone is fitted to the penetrometer in the manner shown in Fig. 4 .in place of the
needle or cone usually used with the apparatus. The mass of the cone together with its shdmg shaf’ tis 80 00
+0.05g.
{5) A metal cup approximately 55 mm in diameter and 40 mm deep wrth the r1m parallel to the flat base
(6) An evaporating dish (a convenient size is one about 150 mm diameter), or a damp cloth
(7) Apparatus for moisture content determination as described in Test 1{A)}.

e
A \\

(8) A wash bottle, preferably made of plastics, or a beaker, containing’ distilled water. ‘\\\ -
(9) A non-corrodible airtight container. . /"f’\\\‘\ i, S
(10) A metal straightedge. All i

:-.:;-._

’ 2.2.1.3 Procedure. The procedure is as follows.

(1) A sample weighing at least 200 g shall be taken from the m.rterlal passmg the 425 ym BS test sieve, whrch
has been oblained in accordance with the procedure for the preparation of disturbed soil samples for testing
(see 1.5 and Note 2. The proportion of material passing the 425 pm BS test sieve shail be recorded. The
sample shall be placed on the flat glass and mixed thoroughly with distilled water using the palette knives until
the mass becomes a thick homogeneous paste. This paste shall then be allowed to stand in the airtight container
g for abdut 24 h to allow the water to permeate throughout the soil mass (see Note 3).
- (2) The sample shall then be removed from the container and remixed for at least 10 min (see Note 4). lf L
. necessary further water shall be added so that the first cone penetration reading is approxrmately 15 mm. i
N (3) The remixed soil shall be pushed into the cup with a palette knife, taking care not to trap air. The excess
soil shall be struck off with the bevelled edge of the straight edge, to give a smooth surface, The cone shall be
lowered 5o that it just touches the surface of the soil (see Fig. 7). When the cone is in the correct position, a
slight movement of the cup will just mark the surface of the soil and the reading of the dial gauge shall be
noted to the nearest 0,1 mm. The cone shall then be’ released fora pericd of 5+ 1 5. Il‘tho apparatus is not
fitted with an automatic relcase and Iockmg device care shall be taken not to jerk the apparalus during these
operations. After the cone has been locked in position the dial gauge shall be lowered (o the new position of
the cone shaft and the reading noted to the nearest 0.1 mm. The dll'fcrcnce between the readings at the
beginning and cnd of the test shall be recorded as the cone penetration,
{4) The cone shall be lifted out and cleaned carcl'ully A little more wet sorl shall bc addcd Lo thc cup :md thc
. process repeated. If the difference between the first and second penetration readings is less than 0 5 mm the R
average of the two pcnetr.itlons shall be recorded. If thie second penetration is more than 0.5 mm and less than

*See Form A, Appendix B,
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4

| mm different from the first a third test shall be carried out. If the overall range is then not more than | mma
moisture content sample (about 10 g) shall be taken from the area penetrated by the conc and the moisture
content determined as described in Test 1(A). The average of the three penetrations shali be recorded. If the *
overall range is more than 1 mm the soil shall be removed from the cup, remixed and the test repeated until
consistent results are obtained. ‘ s o

(5) The operation described in 2.2.1.3(3) and 2.2.1.3(4) shall be repeated at least four times using the same
sample to which further increments of distilled water have been'added. The amount of water added shall be
chosen so that a range of penetration values of approximately 15 mm to 25 mm is covered {sce Note 5).

2.2.1.4 Calculations*®. The relationship between the moisture content and the cone penetration shall be plotted

v HIL S i v
.o e e s bty

Fig. 4. Cone penetrometer used for the determination of the liquid limit of soils
*See Form B, Appendix B. . DOCU ments
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‘with the percentage moisture contents as abscissae and the cone peneuatlons as ordinates, both on linear scales. -
The best straight line fitting the plotted points shall be drawn lhrough iiem.

e
i

2.2.1.5 Reporting of results. The moisture content corrcspondmg to a cune penelrauon of 20 mm shall be taken
as the liquid limit of the soil and shall be expressed to the néarest whole number. The method of obtamlng the
liquid limit shall be stated, i.e. using the cone penetrometer. The percentage of material passing the 425 pm BS
test sieve shall be noted. The history of the sample shall also be noted, i.c. natural state, air drled or unknown.

Notes on Test 2{A)

NOTE }. The method using the cone penetrameter is prcfcrrcd to that employing thc Casagrandc apparatus (sec Test 2(B)J. as
the test is both casier to carry out and is capable of gwmg more reproducible results. The cone penetrometer apparatus is casier
to maintain in correct adjustment and the test procedure is less dependent on the judgment of the operator. The results obtained
with the cone penetrometer may differ very slightly from those with the Casagrande apparatus, but in most cases these differences
will not be significant and will be less than the normal variations likely to be obtained using the Casagrande apparatus.

NOTE 2. The testing of samples of narural soil. When nearly all the soil is llkcly to pass the 425 pm BS test sieve it is often
convenient to remove the few coarse particles present by hand during mixing, and then test the sample without previously
prcparmg it as deseribed in 1.5. When soils are tested in the natural condition the results will usually differ from those obtained
with air dried samples. Organic soils and certain tropical soils should be tested in their natural cnndmon. Stale on the test rcporl
that the soil in the natural condition was used.

NOTE 3. A curing period of 24 I is recommended {or most soils but for soils ol‘low clay content u may not be nccessary to cu:c
for this length of time and the test can be made immediately after mlxmg 0o

NOTE 4. Certain soils may require assmuch as 40 min of continuous mixing immediately bcl'orc testing 1o obtain rclmble results.
NOTE 5. The test should always proceed from the dricr to the wetter condition of the soil. Each time the soil is removed ftom

- the cup for the addition of water, the cup and the cone should be cleancd thoroughly and dried.

2.2.2 Test 2(B). Method using the Casagrande apparatus (see Note 1)

2.2.2.1 General, This method covers the determination of the liquid limit of the air dried soil. The method may
also be used on a sample of soil in its natural state (see Note 2).

2.2.2.2 Apparatus. The foliowing apparatus is required. ' .,;

(1) A flat glass plate (a convenient size is one 10 mm thick and 500 mm square). . .
(2) Two palette knives (a convenient size is one having a blade 200 mm long and 30 mm w1de)
(3) A mechanical device complying with the essential details illustrated in Fig. 5 (see Note 3),
(4) A grooving tool and gauge complying with the essential details illustrated in Fig. 6. -

(5) An evaporating dish (a2 convenient size is one about 150 mm dlameter) or a damp cloth.
(6) Apparatus for moisture content determmahon as described in Test 1{A).

{7) A wash bottle, preferably made of plastics, or a beaker, containing distilled water.

(8) A non-corrodible airtight container large enough to take about 200 g to 250 g of wet soil.

2.2.2.3 Adjustment of apparatus. The liquid limit device shall be mspected to determine that the device is clean
dry and in good working order so that the cup falls freely and does-not have too much side play at its hmge The
grooving tool shall also be inspected to determine that it is clean, dry and that the critical dimensions are as shown
in Fig. 6 (see Note 4).

The height to which the cup of the liquid limit device is lifted shall be adJUSted so that when the cup is ralsed
to its maximum height the 10 mm gauge will just pass between it and the base.

2.2.2.4 Procedure, The procedure is as follows

(|) A sample weighing at least 200 g shall be taken from the material passing the 425 pm BS test sieve, wlnch
haz been obtained in accordance with the procedure for the preparation of disturbed soil samples for testing
(see 1.5). The proportion of material passing the 425 ym BS test sieve shall be recorded. This sample shall be
placerd on the flat glass plate and mixed thoroughly with distilled water using the palette knives until the mass
becomes a thick homogeneous paste. This paste shall then be allowed to stand in the airtight container for
about 24 h to allow the water to permeate throughout the soil mass (see Note 5).

(2) The sample shall then be removed from the container and remixed for at least 10 min (see Note 6)

A portjon of the remixed soil shall be placed in the cup (the cup resting on the base) Icvelled off pnrallel 10
the base, and divided by drawing the grooving tool atong the diameter through the centre of the hmge at the
same time holding it normal to the surfice of the cup with the chamfered edge. facing i in the direction.of:.
movement (see Note 7). By turning the crank at the rate of two revolutions per second, the cup shall be llfled
and dropped until the two parts of the soil come into conlact at the bottom of the groove along a dlsmnce of
13 mm (see Note 8). This length shal! be measured with the end of the groovmg tool or a ruler. The number
of blows at which this occurs shall be recorded.

(3) A little extra of the soil mixture shall be added to the cup and mlxed wnlh lhe sonl in the cup
(4) Operations (2) and (3) shall be repeated unul two consecutive runs give the same number of blows for
closure (see Notes 9 and 10). -
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{5) A quantity of soil (about 10 g} from the portions of the sample that lmve _|ust l'lowed logelher shall be
removed with a spatula and placed in a suitable container, and the moisture content determined by Test 1(A).
(6) Operaticas (2) to (5) shall be carried out at least four times using the same sample to which further o
increments of distilled water have been added, The moisture contents chosen or the amount of water added .
shall be such that when the moisture contents are plotted they are evenly distributed over a range between 50
and 10 blows. The test shall always proceed from the drier to the wetler condition of thc soil. Each time the
soil is removed from the cup for the addition of more water the cup and the groovmg tool shall be washed
and dried.

(7) If at any time during the above procedure the soit has to be left for a while on the glass platc it shall be
covered with the evaporating dish or damp cloth to prevent it drying out.

2.2.2.5 Calculations*. The relationship between the moisture content and the correspondmg number ol‘blows
shall be plotted on a semi-logarithmic chart, with the percentage moisture contents as ordinates on the linear

scale and the number of blows as absassae on the logarithmic scale. The best straight line fi itting the plotted points
shall be drawn through them.

2.2.2.6 Reporting of results. The moisture content correspanding to the intersection of the l‘low curve with the
25 blows abscissa shall be taken as the liquid limit (LL) of the soil and shall be expressed to the nearest whole
number. The method of obtaining the liquid limit shall be stated, i.e. using the Casagrande apparatus. :

The percentage of material passing the 425 pm BS test sieve shall be noted. The history of the sample shall also
be noted, i.e. natural state, air dried or unknown,

Notes on Test 2(B)

NOTE i. The method using the Casagrande apparalus has been the accepted procedure for delermmmg the l:qu:d limit but
expericnce has shown that it is difficult to maintain the apparatus in accordance with the standard and the results are subject
to the judgement of the operator. For thesc reasons the method using the cone penetrometer is to be preferred, but provided
that care is taken to ensure that the Casagrande apparalus is correctly maintained and the test procedure is strictly adhered to
satisfactory results can be obtained. The results obtained using the Casagrande apparatus may differ slightly from those using
the cone penetrometer method but in most cases these differences will not be significant and will be less than lhc normal
variations likely to be obtained using the Casagrande apparatus.

NOTE 2. The testing of smnpies of natural soil, When nearly all the soil is likely to pass the 425 ym BS test sieve it is often
convenient to remove the few coarse particles present by hand during mixing and then test the sample without previously -

prepanng it as described in 1.5. When soils are tested in the natural condition the results will usually differ from those obtained el

with air dried samples. Organic soils and certain tropical soils should be tcsted in their natural condition. State on the test record
that the soil in the natural condition was used. o

NOTE 3. Specification of the base, Make thie base of the liquid limit apparatus of four equal vulcnnlzed rubbcr lammauons giving
-a total thickness of 50 mm. The hardness of each rubber lammatlon measured on the full thickness, but otherwise as in BS 903:
Part A26 (1969) shall be 84 IRHD to 94 IRHD at 20 + 2°C and the resilience measured with a Lupke pendulum as in BS 903:
Part A8 (1963) shall be 20 % to 35 % at 20 ¢ 2 °C. The Jaminations shall be adequately bonded together and shall be made
basically as in BS 1154, compound number Z16, with the ficcessary variations 1o give the required physical characteristics, A
single block of rubber huvmg the same dimensions may be used providing the specified hardness and resulcncc of the rubber is
uniform throughout the block,

NOTE 4. Wear on the grouving rool. Withdraw the grooving tool from use when the tip has worn (o a width of 3 mm and resllupe
to the proper dimension, 2'mm. It may be found usefu! to have a standard check gauge of the correct dimension against WlllCh

the tool can be checked,

NOTE 5. A curing pcnud of 24 his rccommcndcd for most soils, but for soils of low clay content it may not bc ncccssnry lo cure
for this length of time and the lest can be made lmmedmtely after mlxmg

NOTE 6. Certain soils may require as much as 40 min of continuous mixing immediately before tcslmg, to oht.un rcllable rcsulls.
NOTE 7. With soils having low plasticity indices it is sometimes difficult to cut a smooth groove in the soil with the groovmg taol
specified. Hitherto an alternative tool (the A.S.T.M. type tool} has been recommended for use with such soils but it is considered
that its action in cutting the groove is not correct. The usual action of the tool is that of the insertion of a wedge into the pat of
soil causing the two halves of the pat to slide at the cup-soil face. During the test the tendency is then for the soil to slide back
again on this sanfe face instead of flowing as it should do.

it does not necessarily follow that because a smooth groove cannot be obtained, the soil is non-plastic and it should be rccordcd

that the liguid limit could not be obtained, .

NOTE 8. Sometimes the soil {lows so as to leave a gap bclwccn twa arcas of contact, The test should continue untll thereisa
length of continuous contact for 13 mm.

NOTE 9. Some soils tend to slide on the surface of the cup instead of the soil flowing. If this occurs lhc result should be discarded
and the test repeated until flowing does occur. If, alter additional mcrements cf wnlcr. slldmg sllli occurs. lhe test is not npplluahlc
and a note should be made that the liyuid limit could not be obtained. R

NOTE 10. Cate should be taken to see that the sample does not dry out between rcpc.ﬂ tcsls us thc numbcr of lJlOWS l'or closure
will increase gradually as the samples dries out. .

2.2.3 Test 2(C). One point method using the Casagrande apparatus (see Note l)

3.1 General. This method covers the determination of the hqu1d limit of the soil. The advamage of the
method is speed, since it involves taking one measurement of the moisture content only.

2.2.3.2 Apparatus. The apparatus required for this test is the same as thal for Test 2(B).

2.2.3.3 Adjustment of apparatus. The liquid limit device shall be mspccted o delcrmmc that it is m good worklng
order, that the cup falls freely and that it does not have too, mul.h side play at its hinge. The groGving tool shall be
*See IForm C, Appendix B. ‘ ; ‘ 7 ‘ ;,1‘
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inspected to determine that the critical d:menswns are as shown in Fig. 6 (see Note 2) :
The height to which the cup of the liquid limit dewce is lifted shall be adjusted so that when the cup is ralsed
to its maximum height the 10 mm gauge will just pass between it and the base.

2.2.3.4 Procedure, The procedure is as follows.

(1) A'sample which has been obtained in accordance with the procedure for the preparation of dtsturbed
samples for testing (see 1.5), weighing at least 50 g, shall be taken from the material passing the 425 pm BS
test sieve (see Notes 3 and 4). The proportion passing the 425 pm BS test sieve shall be recorded. Thts sample”
shall be placed on the flat glass plate and mixed thoroughly with distilled water using the palette knives until
the mass becomes a thick homogeneous paste at a moisture content as near as possible to that correspondmg
to the 25 blows vatue (see Notes 5 and 6). This may be checked with the liquid limit mach.lne until experience
with the soils under test renders this step unnecessary. The mixing shall be carried out for at least 10 min.

(2) The sample shall then be placed in the airtight container and stored for at least 24 h at normal room
temperature (see Note 7).

(3) Immediately before testing, the soil shall be removed from the alrnght container and remtxed for at least

I min.

(4) A portion of the soil-water mixture shall be placed in the cup (the cup resting on the base) levelled off
parallel to the base, and divided by drawing the grooving tool along the diameter through the centre of the
hinge, at the same time holding it normal to the surface of the cup with the chamfered edge l‘acmg in the
direction of movement (s¢e Note 8). By turning the crank at the rate of two revolutions per second, the cup
shall be lifted and dropped until the two parts of the soil come into contact at the bottom of the groove along
a distance of 13 mm (see Notes 9 and 10). This length shall be measured with the end of the grooving tool or
a ruler. The number of blows at which this occurs shall be recorded. The number shall be between 15 and

35 blows, o

(5) A little extra of the soil mixture shall be added to the cup and mixed with the soil in the eup ‘

(6) Operations (4) and (5) shall be repeated until two consecutive runs give the same number of blows for
closure (see Note 11).

(7) The soil shall then be removed from the cup, placed in a suitable contamer and the motsture content
determined as in Test 1(A).

2.2.3.5 Calcilations. The tiquid limit shall be calculated by multtplymg the monsture content obtamed by the
factor corresponding to the number of hlows obtained in the test. The factors are given in the following table. _

Number of | Factor Number of | Faciur Number of | Factor Number of | Factor
blows blows blows blows .

15 0.95 21 0.98 26 1.00 3l. 1.02
16 0.96 22 0.99 27 1.01 32 1.02
17 0.96 23 0.99 28 1.01 33 1.02
18 0.97 24 0.99 29 1.01 ' |34 1.03
19 0.97 25 1.00 30 1.02 35 1.03
20 0.98 :

2.2.3.6 Reporting of results. The liquid limit calculated as above shall be expressed to the nearest whole number.
The percentage of material passing the 425 pm BS test sieve shall be noted.

The history of the sample shall also be noted, i.e. natural state, air dried or unknown The method used to
obtain the result shall also be stated, i.e. one point method using the Casagrande apparatus

Notes on Test 2{C) ' ‘ ]

NOTE 1. The one poinl method using the Casagrande appamtus has the advantage of specd but the results are ltkcly to be Iess /
reliablz than those obtained using the procedure given in Tests 2(A) or 2(B). The method is therefore suitable where spccd of
test is impostant and a posstbly less accurate result is  acceptable.
NOTE 2. Wear on grooving tool. Withdraw the grooving tool from use when tlie tip hns worn to a width of 3 mm and Ies]mpc lo
the proper dimension, 2 mm. It may be found useful to have a stnndard check gauge of the correet dimension agnmst which the \
tool can be checked.
NOTE 3. If it is suspected that the liquid limit is abovc about 120% lhe proccdurc gwen m Tests Z(A) and 2(B) should be earned
out using a 200 g sample,
NOTE 4. When ncar]y all the soil is likely to pass the 425 um BS test sieve it is often convemcnt to remove the few conrse partu:[es
present during mixing and then to test the sumple without previousty preparing it as.described in 1.5. When soils ate tested in the
natural condition the results will usually differ from those obtained with air dricd samples. Organic soils and certain tropical soils
should be testcd in their nntural cond:tmn State on the tesf rccord that soil in the natural condition was used.

\
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NOTL 5. As can be seen {rom the table of correction factors, the nearer the moisture content is to ﬂiat at 25 blows the less the
error due to the variation of the stope of the flow line from the slope af the calculated line which is obtained from the equation:

n

LL = u(f) tan B . -
where

LL is the liquid Limit (%)

w is the moisture content (%) corresponding to # blows;

tan B = 0.092 (the slope of the calculated flow line for British soils). ‘
NOTE 6. The amount of distilted water added should be such that the number of blows is less rathcr than more than 25 as durmg
storags some moisture tends to evaporate on to the sides of the container causing the soil to be drier when actually tested,
NOTE 7. A curing pcnod of 24 h is recommended for most soils, but for soils of low clay content it may not be nccessary to cure
for this length of time and the test can be made immediately after mixing.
NOTE 8. With soils having low plasticity indices it is sometimes difficult to cut a smoolh groove in thc soil with thc grocmng tool
specified. Hitherto an alternative taol (A.S.T.M. type toot) has been recommended for use with such soils but it is considered that
its action in cutting the groove is not correct. The usual action of the tool is that of the insertion of a wedge into the pat of soil
causing the two halves of the pat to slide at the cup-soil face. During the test the tendency is then for the soil to slide back again
on this same face instead of flowing as it should do.

it does not necessarily follow that beeause a smooth groove cannot be obtamed the soil is non-plast:c and it should be rccorded
that the liquid limit could not be obtained.
NOTE 9. Some soils tend to slide on the surface of the cup instead of the soil flowing. If this accurs the result should be discarded
and the test repeated until the flowing does occur. 1f, after additional increments of water, slldmg still occurs, the test is not
applicable and a note should be made that the liquid limit could not be obtained.
NOTE 10. Sometimes the soil flows so as to leave a gap between two areas of contact. The test should conunuc until there isa .
length of continuous contact for 13 mm.
NOTE 11. Care should be taken to see that the sample does not dry cut bclween the repeat tests as l.hc numbcr ol‘ blows for closure
will increase gradually as the sample drics out.

Dimensions
Letter

Rustiess steslor brass pin

Complete cup mechanism
brass or’
slainless steel

Rubber bdse conlorming to
specification (Test 2(B) Note3)

| === — = = o

-

==

This design has been found satisfactory, but alternative designs may be employed pravided that the essential requirements are
fulfilled. (Essential dimensions are indicated by an asterisk.)

Fig. 5. Casagrande liquid limit appa’.‘-‘afus
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Dimensicns

Letter
mm

F% * 4s°g"=

‘This design has been found satisfactory, but alternative designs may be employed provided that the essential requirements are
Tulfilled. (Essential dimensions ar¢ indicated by an asterisk.) : ’

.

Fig. 6. Grooving tool and height gauge (brass or stainless steel)

2.3 Test 3. Determination of the plastic limit i

2.3.1 General. This method covers the determination of the lowest moislure‘}j.oment at which the soil is plastic,
The method may also bz used on a sample of soil in its natural state (see Note 1).

2.3.2 Apparatus. The following apparatus is required.
(1) A flat glass plate (a convenient size is one 10 mm thick and 500 mm square).

(2) Two palette knives (a convenient size'is one having a blade 200'mm long and 30 mm widej.
(3) Apparatus for the moisture content determination of fine-grained soils as described in 2.1.1.2.

(4) A length of metal rod 3 mmin diameter and about 109 mm long (optional).
2.3.3 Procedure. The procedure is as follows. -

(1) A sample weighing about 20 g shall be taken from the material passing the 425 pm BS test sieve, which has
been obtained in accordance with the procedure for the preparation of disturbed soil samples for testing (see
1.5). The proportion of material passing the 425 pm BS test sieve shall be recorded. The air dried soil shall be
mixed thoroughly with distilled water on the glass plate until it becomes homogeneous and plastic enough to -
be shaped into a ball (see Note 2). . : . -

(2) The bali of soil shall be moulded between the fingers and rolled between the palms of the hands uatil the
heat of the hands has dried the soil sufficiently for slight cracks to appear on its surface, From this sample,

two subsamples of about 10 g each shall be weighed and a separate determination carried out on cach, Each
subsample shall be divided into four approximately equal parts and each part treated as specified in (3).

(3) The soil shall be formed into a thread, about 6 mm in diameter, between the first finger and thumb of each
hand, The thread shall be rolled hetween the lips of the fingers of one hand and the surface of the glass plate '
(see Fig. 7). The pressure shall be sufficient to reduce the diameter of the thread to about 3 mm in five to ten
complete (forward and back) movements of the hand. (Some heavy clays will require 10 to 15 movements when
the soil is ncar the plastic limit, as the soil hardens at this stage.) It is important to mhil}tain unif'orm' rollirjg
pressure throughout the test; it is not correct to reduce the pressure as the, thread diameter approaches 3 mm.
The soil shail be picked up and moulded between the fingers to dry the soit further. The soil shall be formed .
into a thread and rolled out again. This procedure shall be repeated until the thread shears both longitudinally .

Documents

23



http://www.avadocuments.com/doc/bs-1377-1975
http://www.avadocuments.com/doc/bs-1377-1975

BS 1377 : 19 1.\

b

and transversely when it has been rolled to about 3 mm in diameter. The metal rod may be used to gauge this
diameter. (It is sometimes possible to gather the pieces of soil together after they have crumbled, and to reform
a thread and continue rolling under slight pressure. This s]mll nol be done. The first crumbling point is the
piastic luml }] 4

i ) AT Tk PLALTIC LIWLT

o
T et e s o e e e L

Fig. 7. Determination o’f the plastic limit
(4) The porllons of the crumbled soil thread shall be gathcred logethcr and transferred immediately to the
container. The other three pieces of soil shall be treated ﬂm:larly and placed in the same container. The
container shall only remain open wlule the crumbled soil i bemp laced in it, Tile moisture content of the
--soil shall be determined as in Test I(A)“‘
(5) The, other dupllcate snmple shall be treated similarly, so that lwo completely separate dclermmalmns
are made. . ) ‘

34 Reportmg of resulls Fhe avcragc of the moistuse conlems delermmed in 2. 1 shall be taken as the plastic
llmll (PL) of the soil and s]mll be expressed to the nearest whole number. If the two results differ by more than
0.5 % moisture conlem the test shall be repeated. The percentage of material passing the 425 pm BS test sieve
shall be noted. The lnstory of the sample shall also be noted, i. e. natural state, air dried or unknown.

Notes on Test 3 3 i

NOTE 1. When nearly .l” the soil is likely 1o pass the 425 ym BS test sicve :t is olir:n convenient to remove the few couarse particles
present by hand during mixing snd then 1o test the sample without previously. pn.p.mm_. it ay described in 1.5. When the soils are

tested in the natural condition the resulis will usually differ from those obfained with gir dried samples. Organic soils and certain

1rapical soils shauld be tested in their natural condition. State on the test record that soil in the-natural condition was used.

NOTE 2. When the liquid Jimit test is carricd out on a soil in the natural state i is convenient to put aside a little of the thoroughly -
mixed material for the determination of the plastic limit. This soil shal) be used as in 2.3.3 except that, in cases where it is initially

too wet, it shall be alllowrd {o dry in air until "hc required consisiency is obtained.

*Form B or C, Appendix B.
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2.4 Test 4. Determination of the plastlclty index
2.4.1 General. This method covers the determination of the plasllcuy index of a sml

2.4.2 Procedure. The liquid limit (LL) and plastic limi (PL} shall be determined by the procedures gwen m 2 2 ‘ ‘ 2
and 2.3 respectively. -

2.4.3 Calculations. The plasticity index (PI} shall be calculated from the cqualiun
PI=LL-PL

4 2.4.4 Reporting of results. The numerical difference calculated shall be reported as the plashcnly mdex (Pl) excepl
. that when the plastic limit cannot be determined or when the plastic limit is equal to or greater than the liquid
l limit, the material shall be reported as non-plastic (NP).

2.5 Test 5. Determination of the linear shrlnkage
2.5.1 General. This method covers the determination of the lmear shnnkage of solls
A, 2.5.2 Apparatus. The following apparatus is required.

(1) Two palette knives (2 convenient size is one having a blade about 100 mm long and 20 mm w1de)
' (2) A flat glass plale (a convenicnt size is one 10 mm thick and 500 mm square) or an evaporatmg dish N3
‘ approximately 150 mm diameter. ) .
(3) A mould made of brass, or other suitable material of the typc |l1ustrated in Flg 8 (see Notc 1). . -
(4) Silicone grease. o -
(5) An oven capable of maintaining temperatures of 60 °C to 65°C and 105 °C to llO °C.
(6) A means of measuring a length of up to 150 mm to within 0.5 mm. ‘ ot

2.5.3 Procedure. The procedure is as follows.

(1) The mould shall be cleaned thoroughly and a thin film of'silicone grease shall then be applled to llS inner
walls in order to prevent the soil from adhering to the mould. .
(2) A soil sample weighing about 150 g shall be taken from the matcrlal passmg the 425 pm BS test swves
which has been obtained in accordance with the procedure for the preparation of disturbed soil samples l'or
testing (see 1.5). The proportion of material passing the 425 pm BS test sieve, expressed as a percentage of
the total mass of dry soil, shall be recorded. The sample shall be placed on the flat glass plate and mixed . :
thoroughly with distilled water using the palette knives until the mass becomes a smooth homogeneous pasle )
with 2 moisture content approximating to the liquid limit of the soil (see Mote 2) S
(3) Soil-water mixture shall be placed in the mould such that it is slightly proud of the sides ol' lhe mould The
mould shail then be gently jarred to remove any air pockets in the mixture. The soil shall then be levelled off

along the top of the mould with the palette knife. All soil adhering to the rim of the mould shall be removed
by wiping with a damp cloth.

"--‘ ‘ (4) The mould shall be placed so that the soil-water mixture can air dry slowly i ina posmon l'ree from draughts
' until the soil has shrunk away from the walls of the mould, drying can then be completed first at a temperature

of 60 °C to 65 °C until shrinkage has largely ceased, and then at 105 °C to 110 °C to complete the drying. .

Yy (5) The mould and soil shall then be cooled and the mean length of the soil bar measured. If the specimen has :
N become curved during drying it shall be removed carefully from the mould and the lengths of the top and .
) bottom surfaces measured, The mean of these two lengths shall be taken as the length of the oven dry specimen v

A (see Note 3). ‘ '

: R12.5 mm

t ‘\ .
' 1
\:‘.. - ’I IZO mm

rd——_
B
!
l!
‘l
N

l.3 mm

o $3mm —
i

‘.'?'_ P R A

L 1. S T

Material: non-ferrous

This design has been found satisfactory, but alternative designs may be employed prowded that the csscntml rl.quucmcnls are v
fulfilled {see Nole 1). .

Fig. 8. Mould for linear shrinkage test
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2.5.4 Calculations®, The linear shrinkage of the soil shall be calculated as a percchtage of the orlglflal lellgth of
. the specimen from the equation: '

Length of oven dry specimen - A
X 100 f»'

~ Initial length of specimen ) R S

s 2.5.5 Reporting of resultslThe linear shrinkage of the soil shall be reported to the nearesl whole humber togethel'

with the proportion of soif that passes the 425 pm BS test sieve. The history of the sample shall also be noted ie

Percentage of linear sh\mkage = (l -

/f,"

natural state, air dried or unknown, /
o y

Notes on Test 5 ' P ,;:' )
' NOTE 1. The mould may conveniently be made from 3 mm thick brass tube of 25 mm internal dlamclcr. cut in half to form a .

semi-cylindrical trough. The ends of 6 mm flat brass are brazed on, 2 &

NOTE 2. This moisture content is not critical to within a few per cent. P AR

NOTE 3. Should a specimen crack badly, or break, such that measurement is dlfl" cult, lhc test should be repcutcd at a slowcr

drying rate. .

N
.

. . l’4 l“‘ 2 ’
2.6 Test 6. Determination of the specific gravity of soil particles n R
2.6.1 Test 6(A). Method for fine-, medium- and coarse-grained soils '

2.6.1.1 General. This method covers the detcrmination of the specific gravity. ol‘ soil parhcles ll is not suitable -‘T'!\
for soils containing more than 10 % of stones retained on a 37.5 mm BS test sieve and such stones should be
broken down to less than this size. :

-'7~ 2.6.1.2 Apparatus. The following apparatus is required.

K (1) A gas jar, 1 litre in capacity, fitted with a rubber bung (sec Flg 9)
. (2) A ground glass plate for closing the gas jar (see Fig. 9).- 2
Y (3) A mechanical shaking apparatus capable of rotating the gas gar end over end, at about 50 revlmm (see
' Note 2). _
(4) A balance readuble and accurate to 0.2 g. _ ' i
(5) A thermometer (o cover the temperature range 0 °C to 50 °C, readahle and accurate to l C

2.6.1.3 Procedure. The procedure is as follows.

(1) A sample weighing 200 g in the case of fine- grained soil and 400 g in lhe case of medium- and coarse gramed

soils shall be obtained in accordance with the procedure for the preparation of disturbed soil samples for testing

(see 1.5). This sample shall have been oven dried (see Note 3) and then stored in an airtight container until

required.

(2} The gas jar and ground glass plate shall bé dried and weighed to the nearest 02g (ml)

(3) Approximately 200 g of fine-grained soil or 400 g of medium- or coarse- gralned soil shall be mtroduced mto ‘

the gas jar directly from the container in which it has been cooled. The gas jar, ground glass plate and contents '
shall be weighed to the nearest 0.2 g (m,). .
(4) Approximately 500 ml of water at a temperature wnthm +2°Cof the average room temperalurc durmg the

test (sce Note 4) shall be added to the soil. The rubber stopper shall then be inserted into the gas jar and in the

case of medium- and coarse-grained soils the gas jar and contents shall be set aside for at least 4 h. At the end

of this period, or immediately after the addition of water in the case of fine-grained soils, the gas jar shall be

shaken by hand until the particles are in suspension and then placed in the shaking apparatus and shaken l'or a

period of 20 min to 30 min.

The stopper shall then be removed carefully and any soil adhering to the stopper or the lop of the gas Jar

T shall be washed carefully into the jar; any froth that has formed shall be dispersed with a fine spray of water. .
Water shall then be added to the gas jar to within 2 mm of the top. The soil shall be allowed to settle for a few i
minutes and the gas jar then filled to the brim with more water. The ground glass plate shail then be placed on '
the top of the jar taking care not to trap any air under the plate. The gas jar and plate shall then be carefully
dried on the outside and the whole weighed to the nearest 0.2 g (m3). :

(5) The gas jar shall be emptied, washed out thoroughly, and filled completely lo the bnm w1f.l1 water. The glass :
plate shall be placed in position taking care not to trap any air. under the plate. The gas jar and plate shali then -
be dried carefully on the outside and the whole weighed to the nearest 0.2 g (m4)

(6) The procedure outlinad in (1) to {4) shall be repeated on a second sample of the same soil 5o thal two values
for specific gravity are obtained, o

.f,'

B *See Form D, Appendix B. i
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Fig. 9. Gas jar with glass plate and rubber stopper for the determination of the specific gravity
of soil particles
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2.6.1.4 Calculations* The specific gravity, G, of the soil particles shall be calculated f‘rbm the cili:itibﬁﬁ

Msy = ml
(my — my) — (my - ms)

My s the mass of gas jar and ground glass plate (g);
My s the mass of gas jar, plate and soil (g);

M3 s the mass of gas jar, plate, soil and water (g);
M4 is the mass of gas jar, plate and water (g).

2.6.1.5 Reporting of results. The specific gravity of the soil paftic]es shall be reported to the nearest 001 If the .
two results differ by more than 0,03 the tests shall be repeated.
Notes on Test 6{A)

NOTE L. A gas jar has been found to make a very cffective pycnometer but any container of similar capacity can be used provided
that it can be shaken in a mechanical shaking apparatus, and provided that the mouth can be sealed in such a way that its volume
is constant. . . T O
NOTE 2. An end-over-end shaker has been specified but shaking machines giving a vibrating motion would also be suitable, The
choice of skaking machine depends on the type of pycnometer used. . ‘ o B
NOTE 3. Oven drying of the soil has been specified for convenience. If thete is any reason to believe that this will change the :
specific gravity due 1o loss of water of hydration, the soil should be dried at not more than 80 °C. This fact should be reported.
NOTE 4. If there is a large difference between the air temperature and water temperature sufficient water should be drawn for

the requited number of tests and allowed to stand in the room in which the tests are being done until the tempetature is within
the given range.

2.6.2 Test 6(B). Method for fine-grained soils

2.6.2.1 General, This method covers the determination of the specific gravity of soil particles of ﬁiie-graiﬁed soils.
The method may also be used for medium- and coarse-grained soils if the coarse particles are ground to pass, say a
2 mm BS test sieve before using.

2.6.2.2 Apparatus. The following apparatus is required.

(1) Two density bottles (pycnometers) of approximately 50 ml capacity with stoppers.. o o
(2) A water bath maintained at a constant temperature to within * 0.2 °C. (If standard density bottles are used -
this constant temperature is 20 °C). o RV
(3) A vacuum desiccator (a convenient size is one about 200 mm to 250 mm in diameter). .
(4) A desiccator (a convenient size is one about 200 mm to 250 mm in diameter) containing anhydrous silica gel.
(5) A thermostatically controlled drying oven, capable of maintaining a temperature of 105 °Cto 110°C.
(6) A balance readable and accurate to 0.001 g. ' '
(7) A source of vacuum, e.g. a good filter pump or a vacuum pump.’ o L
(8) A Chattaway spatula {a convenient size is one having a blade 150 mm long and 3 mm wide; the blade has to
be small enough to go through the neck of the density bottle), or a piece of glass rod about 150 mm long and
3 mm diameter, _ o
(9) A wash bottle, preferably made of plastics, containing air-free distilled water (see Note 1).

(10) A sample divider of the multiple slot type (riffle box) with 7 mm width of opening.

(11} A length of rubber tubing to fit the vacuum pump and the desiccator. ‘

2.6.2.3 Procedure. The procedure is as follows.

(1) The complete density bottle with stopper, shall be dried at 105 °C to 110 °C, cooled in the desici:ator and
weighed to the nearest 0.001 g (m,) (see Note 2). : L
(2) The 50 g sample obtained as described in the procedure for the preparation of disturbed samples for
testing (see 1.5) shall if necessary be ground to pass a 2 mm BS test sieve. A 5 g to 10 g subsample shall be.
obtained by riffling, and oven dried at 105 °C to 110 °C (see Note 3). This sample shall be transferred to the
density bottle direct from the desiccator in which it has been cooled. The bottle and contents together with the
stopper shall be weighed to the nearest 0.001 g (m,). . ‘ o o _
(3) Sufficient air-free distilled water (see Note 4) shall be added so that the soil in the bottle is just covered.
The bottle containing the soil and liquid, but without the stopper, shall be placed in the vacuum desiccator,
which shall then be evacuated gradually. The pressure shall be reduced to about 20 mm of mercury. When
using a water pump, because of variation in mains pressure, care shali be taken to ensure that the required
vacuum is maintained. : . L O
Care shall be taken during this operation to sce that the air trapped in the soil does not bubble too violently,
s0 as to prevent small drops of the suspension being lost through the mouth of the bottle. The bottle shall be
*Sce Form E, Appendix B.
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allowed to remain in the desiccator for at least l‘lh until Hq fulrt.hgi' los_s of air is apbar'ent., WL

(4) The vacuum shall be released and the lid of the desiccator removed. The soil in the bottle shall bé\éﬁrre,d'
carefully with the Chattaway spatula, or the bottle vibrated. Before removing the spatula from the bottle the
particles of soil adhering to the blade shall be washed off with a few drops of air-free liquid. The lid of the
desiccator shall then be replaced and the desiccator evacuated again.

(5) The procedure outlined in (3) and (4) shall be repeated until no more air is evolved fromn the soil (see Note 5).
(6) The bottle and contents shall then be removed from the desiccator and further air-free liquid addcd‘uniil
the bottle is full. The stopper shall then be inserted. The stoppered bottle shall be immersed up to the neck in
the constant-temperature bath for approximately 1 h, or until it has attained the constant temperature of the
bath (see Note 6). ‘ : ‘ R

If there is an appatent decrease in volume of the liquid the stopper shall be removed and further liquid ==
added to fill the bottle and the stopper replaced. The bottle shall then be returned to the bath and sufficient
time shall be allowed to elapse after this operation to ensure that the bottle and its contents again attain the
constant temperature of the bath, If the bottle is still not completely full this process shali be repeated.
(7) The stoppered bottle shall,then be taken out of the bath, wiped dry and the whole weighed to the
nearest 0.001 g (m3). ; . . S o L
(8) The bottic shall then be cleaned out and filled completely with air:free liquid, the stopper inserted and then-
the whole immersed in the constant temperature bath for 1 h or until it has attained the constant 1emp.eraluié/
of the bath. If there is an apparent decrease in the volume of the liquid, the stopper shall be removed and , .~
further liquid added to fill the bottle and the stopper replaced. The stoppered bottle shall then be returned to
the bath and sufficient time shall be allowed to elapse after this operation to ensure that the bottle and its
contents again attain the constant temperature. If the bottle is still not completely full this process shall be
repeated. The bottle shall then be taken out of the bath, wiped dry and the whole weighed to the nearest
0.001 g (in4) (see Note 7). L N .
(9) Two determinations of the specific gravity of the same soil sample shall be made: =36 Notes 8and 9).
2.6.2.4 Calculations*. The specific gravity of the soil particles, Gy, shall be calculated. If water has been used as
the air-free liquid, then the following equation shall be used:

G. = My = M
s (my — my) — (my — my)
where

niy  is the mass of density bottle (e);

mo  is the mass of bottle and dry soil (2);

my s the mass of bottle, soil and water {(g);

m,  Is the mass of bottle when full of water only (g).

If some other air-free liquid has been used reference should be made to Note 4.

2.6.2.5 Reporting of results. The average of the values obtained shall be taken as the speéiﬁc grﬁvily of lhe soil
particles and shall be reported to the nearest 0.01. If the two results differ by more than 0.03 the tests shall be
repeated. ‘

Notes on Test 6(B)

NOTE 1. Obtain the air-free distilled water by boiling a quantity of distilled water for at least 30 min in a container that can be-
sealed from the atmosphere during cooling. Take care to see that the container is strong enough to resist the reduction in pressure
inside it during cooling. S . S :
NOTE 2. Standard density bottles. If a density bottle conforming to BS 733 is used then in order to avoid distartion it should .
not be dried by placiag it inan oven. It may be dried by rinsing:with acetone or an alcohol-cther mixture and then blowing warm
air through it. : -

NOTE 3. Oven drying-of the soil has been specified for convenience. If there is any rcason to believe that this will change the
specific gravity due to loss of water of hydration the soll should be dried at not more than 80 °C. This fact should be reported.
NOTE 4. Alternative liguids for specific gravity deiermination. With certain soils, e.g. those containing soluble salts, Kerasene
(paraffin oll) or white spirit may be preferred. 1f one of these is used, record the fact and carry out a separate experiment to
determine the specific gravity of the liquid at the temperature of the test. The equation lor the specific gravily of the soil -
particles, Gy, given in 2.6.2.4 then becomes: ‘

G = IR )
5 7 (my — M) — (3 —ma)

-

where . ‘ e

GL is the specific gravity of the liquid used, at the constant temperature;
ny is the mass of density bottle (g);

ma  is the mass of bottle and dry soil (g);

ma s the mass of boitle, soil and liquid (g); - .

ma  is the mass of bottle wheh full of liguid only (g).

*See Form I, Appendix B. - . . ’ Documents
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NOTE 5. Experience has shown that the largest source of error in the test is due {o the difficulty in ensuring the complete removal
of air from the sample. To obtain reliable results the soil should be left under vacuum for several hours, preferably overnight.
NOTE 6. If a constant lemperature soom or cabinet is available then this procedure need not be carried out in a water bath. . ...
NOTE 7. If 2.6.2,3(B) is used to find the volume of the density bottle then the test may be carried out at any temperature provided
it is constant throughout the test. "

NOTE 8. Many soils have a substantial proportion of heavier or lighter particles. Such smls wlll give erratic valucs for lhe specuﬁc
gravity cven with the greatest care in testing and a number of repeat tests may be needed to obtain a good average value,
NOTE 9. Ciean quartz and flint sands generally hiave & specific gravity close to 2,65; low valucs would suggest the presence of

organic matter. ,
S

2.7 Test 7. Determination of the partizle size distribution
2.7.1 Test 7(A). Standard methed by wet sieving

2.7.1.1 General, This method covers the quantitative determination of the parhc]c s:ze dlstnbuuon in a 5011
down to the fine sand size. The combined clay and silt fraction can be obtained with this method by dlffercnce
The procedure given involves preparation of the sample by wet sieving Lo remove silt and clay sized pnrtlcles,
followed by dry sieving of the remaining coarser material. Other procedures using wet sieving of the coarser
material may be used provided that no material other than the silt and clay fraction is lost in washmg {see Note 1).

2.7.1.2 Apparatus. The following apparatus is required.

(1) British Standard test sieves as follows: 75 mm, 63 mm, 50 mm, 37.5 mm, 28 mm, 20 mm, 14 mm 10 mm, .
6.3 mm, 5 mm, 3.35 mm, 2 mm, 1.18 mm, 600 pm, 425 pm, 300 pm, 212 pm, 150 pm, 63 pm and appropnate L
receivers (see Notes 2 and 3).

(2) A balauce readable and accurate to 0.5 g.

(3) A balance readable and accurate to 0.01 g,

(4) Sample dividers, e.g. the multiple slot type (riffle boxes) similar to those shown in Fig. 3.

(5) A thermostatically controlled drying oven capable of maintaining a temperalure of 105 C to 110 °C.

(6} At least six evaporating dishes (a convenient size is about 150 mm diameter). _

(7) At least six metal trays (a convenient size is about 300 mm diameter and 40 mm deep)

(8) Two or more large metal or plastics watertight trays, or a bucket of about 12 litres capacity. (Convement
sizes for the trays are in the range 500 mm to 1000 mm square and 80 mm to 150 mm deep.)

(9) A scoop (a convenient size is one about 200 mm long and 100 mm wide) or a beaker (about 500 ml).

(10) Sieve brushes, and a wire brush or similar stiff brush,

(11) Sodium hexametaphosphate (commercial grade is suitable).

(12) A quantity of rubber tubing about 6 mm bore.

(13) A mechanical sicve shaker (optional).

2.7.1.3 Procedure. The procedure is as follows.

(1) The oven dried subsample obtained as described in the procedure for the preparat:on of disturbed samples
for testing (see 1.t°) shall be weighed to 0.1 % of its total mass (m, ) (see Note 4).

{2) The subsample shall then be placed on the 20 mm BS test sieve (see Appendix A) and any parllcles too .
coarse 1o pass through the test sieve shall be brushed with a wire brush or similar stiff brush until the individuat
particles are clean of any finer material. Care shall be taken when dealing with soft materials to ensure that the
brushing is not removing parts of the large particles (sce Note 5). The fraction retained on the 20 mm BS test
sieve shall then be sieved on the appropriate larger sieves and the amount retained on each sieve welghed and
recorded.

(3) The fraction of the oven-dry material passing the 20 mm BS test sieve shall be weighed to 0. 1 % of its total
mass and the mass recorded (1,). It shall then be riffled so that a fraction of convenient mass (about 2 kg) is
obtained. The fraction shall be weighed to 0.1 % of its total mass and the mass recorded (mgq). .

(4) The riffled fraction shall then be spread out in the large tray or placed in the bucket and covered with water.
(5) Sodium hexametaphosphate shall then be added at the rate of 2 gflitre of ‘waler and the whole shall be stirred -
well to wet the soil. The soil shall then be allowed Lo stand for at least 1 h in this solution and shall be stirred
frequently.

(6) The material shall then be washed, a little at a time, lhrough a2 mm BS test sicve ncated ina 63 pm BS test
sieve. The material passing the 63 um sieve containing the silt and clay being allowed to run to waste. The
washing shall be continued until the water passing the 63 pm BS test sieve is virtually clear. All the material
retained on the sieves shall then be tipped into separate trays or evaporating dishes. Care shall be taken to see
that neither test sieve is overloaded in the process cither with material or with water (see Appendix A). The
maximum amount of material initially on the 63 pm BS test sieve shall not exceed 150g. . .

{7) When the whole of the sample has been washed all the retained material shall then be dried in an oven at ; .
105 C to 110 °C.

Documents

1921



http://www.avadocuments.com/doc/bs-1377-1975
http://www.avadocuments.com/doc/bs-1377-1975

BS 1377 :1975

(8) When dry, the fractions shall be dry sieved through the appropriate sicves down to the 6.3 mm BS test sieve
and the amount retained on cach sieve weighed and recorded. - ‘ : S

(9) If the fraction passing the 6.3 mm BS test sieve is small, i.e. not more than 150 g, the sample can be sieved
on the appropriate sicves down to and including the 63 pm BS fest sieve. The amounts retained on each sieve
shall be weighed and the masses recorded. If a niechanical shaker is available these steps can be \p'(_:rformed in
one operation provided the test sicves are all of the same diameter. Care shall be taken to ensure: that sieving is
complete. The minimum period of shaking shall be 10 min. o o o

(10) If the fraction passing the 6.3 mm BS test sieve is large, i.c. substantially greater than 150 g, the fraction
shall first be weighed and the mass recorded (). It shall then be riffled so that a fraction between 100gto .,
150 g is obtained. This fraction shall be weighed and the mass recorded {ms), and then sieved on the appropriate”
sieves down to and including the 63 pm BS test sieve. The amounts retained on each sieve shall be weighed and
the masses recorded. ) - , ‘ Lo

(11) The fraction passing the 63 pm BS test sieve shall be obtained by difference, i.c. by adding the masscs of
material retained on each of the sieves used, and having made due allownace for any subdivision of the sample,
subtracting the total from the original mass (s, ). ’

2.7.1.4 Calcuiations* The calculations are as follows.

(1) For samples containing particles larger than 20 mm in size the mass of material retained on each of the
coarse series of sieves shall be calculated as a percentage of my. For example:

m(37.5 mm)
ny ] , ‘ .

(2) The mass of material retained on the range of sieves between 20 mm and 6.3 mm shall be calculated as a

fraction of m, and then as a percentage of w1 . For example: )

Percentage retained on 37.5 mm sieve = X 100

Percentage retained on 10 mm sieve = m(10 mm) X im X 100
my X my .

(3) The mass of material retained on cach of the sieves finer than the 6.3 mm BS test sieve shall be calculated
as a fraction of mt4 and then as a percentage of m,. For example:

m(300 pm) X m, X m, ‘

b 22 x 100

m; X my X ms ‘ S
(4) The cumulative percentages by mass of the sample passing each of the sieves shall be calculated.

2.7.1.5 Reporting of results. The results obtained shall be reported on a semi-logarithmic chart of the type shown
in Fig. 10. , . . .

Alternatively, the results shall be reported in the form of a table showing to the nearest | %, the percentage
by mass passing each of the sieves used.

Notes on Test 7(A)

NOTE 1. Wet sieving of both coarse and fine material, A procedure that allows the process of washing the sample free of silt and
clay and the process of sicving the coarser fractions to be combined in a single wet sieving operation is described by West and
Dumbletoni. Reduction of the sample mass by riffling at intermediate stages in the process, to avoid sieve overloading, is not
possible in such a wet method. The method is therefore only suitable for soils containing little gravel-sized material {say less than
10 % retained on the 10 mm sieve). . . L

NOTE 2. Chaice of sizes of test sieves. The sizes of the tesl sieves used for the test should cover adequately the range for the
particular soil used, but it will not generally be necessary to use every size for every test. : .
NOTE 3. Where large numbers of tests are to be carried out it may be sdvantageous to have two sels of sieves, one for the wet
sieving and one for the dry sieving processes. ‘ : . :
NOTE 4. If separation of the silt and clay fractions is required then a second riffled sample shall be retained and a fine analysis
carried out as in Test 7(C) or 7(D). " . :
NOTE 5. Certain soils, £.g. laterites, have large nmounts of the clay fraction In the interstices of the Jarger particles. Treat these
soils as described in this method but then wash the large particles retained on the 20 mm BS test sieve in sodium hexametaphosphate
solution: estimate the amount of clay removed and allow for it in the final calculations. .

NOTE 6.De not dry the retained material on the sieve as it is detrimental to sieves to heat them. -

2.7.2 Test 7(B). Subsidiary method by dry sieving

Percentage retained on 300 pm sieve =

2.7.2.1 General. 'This method covers the quantitative delerminalioﬁlof the particle sizc distributimi ina soil dbyﬁl
Lo the fine sand size. This method shall not be used unless it has been shown. that for.the type of material under
test it gives the sume results as the method of analysis by wet sieviny~in cases of doubt the method shall not be
used. ” ‘

*Sec [Form G, Appendix B,

1West, G.and Dumbleton, M.J. Wet sicving for the pﬁrticie size distribution ofsuiis. i)ébmtmenl of th;: Ehvimnmeﬁt. TRRL
Report LR 437, Crowthorne: 1972 (Transport and Road Research Laboratory.) v )
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Fig. 10. Particle size distribution chart

2.7.2.2 Apparatus. The following apparatus is required.

(1) British Standard test sieves as follows: 75 mm, 63 mm 50 mm, 37.5 mm, 28 mm, 20 mm, 14 mm 10 rnm,
6.3 mm, S mm, 3.35 mm, 2 mm, 1.18 mm, 600 pm, 425 pm, 300 pm, 212 pm, 150 pm, 63 pm and appropriate:
receivers (sée Note ).

{(2) A balance readable-and accurate to 0.5 g.

(3) A balance readable and accurate to 0.01 g.

(4) Sample dividers, e.g. the multiple slot type (riffle boxes), similar to those shown in Flg 3,

(5) A thermostatically controlled drying oven capable of maintaining a temperature of 105 °C to 110 °C.

(6) Sieve brushes,

(7) At least six metal trays {a convenient size is about 300 mm diameter and 40 mm deep).

(8) At least six evaporating dishes (a convenient size is about 150 mm in diameter).

(9) A light hammer andfor a mortar and a rubber pestle (see Fig. 2).

(10) A scoop (a convenient size is one about 200 mm long and 100 mm wide).

(11) A mechanical sieve shaker (optional).

2.1.2.3 Procedure. The procedure is as follows.

(1) The oven dried subsample cbtained as described in the procedure for the preparation of drsturbed samples
for testing (see 1.5) shall be weighed to 0.1 % of ils total mass.
{2) The largest size test sieve appropriate to the maximum size of material present sha]l be ﬁtted wrth the
receiver and the subsample placed on the sieve (see Note 2 and BS 1796).
‘ (3) The test sieve shall be agitated so that the sample rolls in irregular motion over the test sieve. dmy partrcles '
- may be hand placed to see if they will fall through but they shall not be pushed through The materiai from the
- test sieve shall be rubbed with the rubber pestle in the mortar and resieved to make sure that only individual -
particles are retained. The amount retained on the test sieve shall be weighed..
- (4) The material retained in the receiver shall be transferred 1o a steel tray and the receiver ﬁtled to the next
) largest sized Lest sieve. The contents of the steel tray shall then be placed on the sieve and operation (3) repeated
(see Note 3).
(5) Operations (3) and (4) shall be repeated through all the test sieve sizes used Note that rf a mechamcal shaker
is available these steps can be performed in one operation provrded the test sieves are all of the same diameter.
Care shall be taken to ensure that sieving is complete. A minimum of 10 min shaking sha]l be used.

(6) If any test sieve becomes overloaded the material on the test sieve shall be sieved in parts, the parts not to
a exceed the masses given in Appendix A. :

| ; o Documer
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2.7.2.4 Calculations* The percentage by mass of material mtaiﬁed _oh each test sic_irh shall Be, calculaled 'i‘he_ .
percentage passing the 63 pm BS test sieve shall be obtained by difference, and checked by weighing the amount
in the receiver. ‘ :

The cumulative percentages (by mass of the total sample) passing eacil of the sieves shall be‘ca‘ic‘\ilalt‘edi.

2.7.2.5 Reporting of results. The resulte obtained shall be reported on a semi-logarithmic chart of the type showri
in Fig. 10. Alternatively, the results shall be reported as a table showing to the nearest 1 % the percentage by mass
passing each of the sieves used. '

It shall be reported that dry sieving only was used.

Naotes on Test 7(B) T

NOTE 1.Choice of test sieve sizes, The sizes of test sieves used for the lest‘-shoﬁld cover ndeqﬁately the raﬁge fo} ihe pariiciﬂai
soil used, but it will not generally be necessary to use every size for every test. . Co T

NOTE 2. If the assembly is not tao heavy to handle, several sieves (in order of size) may be fitted together and used at the same
time. ‘ ‘ i B

NOTE 3. If the mass of the sample passing the 20 mm BS test sieve Is subsiantially greater than 2 kg the §a1ﬁple should be rit'ﬂed z
to obtain a sample of about 2 kg and care taken to make due allowance in the calculation for the subdivision of the original sample.

2.7.3 Test 7(C). Standard method for fine-grained soils (pipette method) .

2,7.3.1 General. This method covers the quantitative determination of the partlicie size distribﬁiion in a s_oﬂ f_roﬁi
the coarse sand size down (see Note 1). The test as described is not applicable if less than 10 % of the material
passes the 63 pm BS test sieve as measured in Test 7(A). -

2.7.3.2 Apparatus. The following apparatus is gequired.

(1) A sampling pipette of the type illustrated in Fig. 11, fitted with a pressure and suction .irilet, and having a.
capacity of approximately 10 ml. The pipette shall be so arranged that it can be inserted to a fixed depth into
a sedimentation tube, see (2), when the latter is immersed in a constant temperature bath (see Fig. 12). e
(2) Two glass sedimentation tubes, 50 mm diameter and ‘approximately 350 mm long graduated at 500 ml
volume with rubber bungs to fit. ‘ S

(3) Nine glass weighing bottles, approximately 25 mm in diameter and 50 mm high fitted with ground glass
stoppers. The masses of the bottles shall be known to the nearest 0.001g. : o , :
(4) A constant temperature bath capable of being maintained at 25 °C, to an accuracy of £0.1 °C into which
the sedimentation tube can be immersed up to the 500 ml mark. The bath shall not vibrate the sample.

(5) A mechanical shaker capable of keeping 20 g of soil and 150 ml of water in continuous suspension, (The
type of shaker should be one that gives a gentle mixing action, e.g. an end-over-end shaker or a vibratory shaker.)
(6) British Standard sieves as follows: 2 mm, 600 pm, 212 pm, 63 pm and appropriate receivers.

(7) A sample divider of the multiple slot type (riffle box) similar to the 7 mm wide slot type shown in Fig. 3.
(8) A balance readable and accurate to 0.001 g. o T

(9) A thermostatically controlled drying oven, capable of maintaining a temperature of 105 °Cto 110 °C.

{10) A stop clock or stop watch. . 7 . : L L
(11) A desiccator (a convenient size is one 200 mm to 250 mm in diameter) containing anhydrous silica gel.
(12) A 650 mi or ! litre conical beaker and a cover glass to fit, and a smaller beaker.

(13) A centrifuge capable of holding 250 ml capacity bottles. (See Note 2).

(14) 250 ml capacity polypropylene centrifuge bottles.

(15) A 100 ml measuring cylinder.

{16) A 25 ml pipette. o

(17) A glass filter funnel about 100 mm in diameter.

(18) A wash bottle, preferably made of plastics, containing distilled water. o -
(19) A length of glass rod about 150 mm to 200 mm long and 4 mm to 5 mm in diameter fitted at one end -
with a rubber policeman.

2.7.3.3 Reagents. The following reagents are required. They shall be of recognized énalytical reagent qué.lity.

(1) Hydrogen peroxide. A 20 volume solution, S
(2) Sodium hexametaphosphate solution. Dissolve 33 g of sodium hexametaphosphate and 7 g of sodium carbonate
in distilled water to make I litre of solution.. ) L T

This solution is unstable and shall be freshly prepared approximately once a month. The date of preparation
shall be recorded on the bottle (see Note 3). - ‘ S

*Se: Form G, ADnendix B,
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eI

40
Bulb Cdpdcily-\___\-
125ml approx.

Pipette and chanqe-/
over cock capacity

IOml approx.

Bore of tube to be
4 mm where possible

V

This design has been found satisfactory, but alternative designs may be employed provided that the essential tdiui.lemcntl are
fulfilled,

Fig. 11. Sampling pipette for sedimentation apparatus
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Aand B. 125 ml bulb funnet with stopcock,
C. Safety bulb suction inlet tube.
D. Safety bulb,
F. Outlet tube.
G. Sampling pipette.
H. Sedimentation tube.
D, F and G are joined to three-way stopcock E.

'rrhis design has been found satisfactory, but alternative designs may be erriplo}eti p:bvidcd ltﬁe essentiﬂ requireménis are
ulfilled. ‘

Fig. 12. An arrangement for lowering the sampling pipette into the soil s"'USperisib;ri
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2.7.3.4 Procedure
2.7.3.4.1 Calibration of sampling pipette. The procedure for calibration of the sampling pipette is as follows

(1) The sampling pipette shall be cleaned thoroughly and dried and the nozzle shall be immersed in drsulled
water. The tap B shall be closed and the tap E opened (see Fig. 12).

(2) By means of a rubber tube attached to C, water shall be sucked up into the pipette until rt rises above E

The tap E shall be closed, and the pipette removed from the water. Surplus water drawn up into the cavity
above E shall be poured off through F into the smal’-beaker,

(3) The water contained in the pipette and tap E shall be dlscharged into a glass welghmg bottle of known mass,
and the mass determined. From this mass the internal volume (¥, ml) of the pipette and the tap. shall be
calculated to the nearest 0.05 ml. Three determinations of the volume shall be made and the ay erage value taken

2.7.3.4.2 Pretreatment of soil. The procedure for pretreatment of the soil is as follows. J,

(1) The sample of air dried soil obtained as described in the procedure for the preparatron of dr= turbed samples
for testing (see 1.5 and Notes 4 and 5) shall be subdivided by riffling until a subsample weighing 12 gto 30 g is
obtained. The actual mass of soil will vary according to the type of soil, a mass of approximately 30 g being
appropriate for a sandy soil and 12 g for a clayey soil. The mass of soil need not be known at this stage.

After riffling, the sample of air dried soil shall be placed in the 650 ml conical beaker, 50 ml of distilled water
shall then be added and the soil suspension shall be gently boiled until the volume is reduced to about 40 mli.
After cooling, 75 ml of hydrogen peroxide shall be added and the mixture allowed to stand overnight covered
with the cover glass. The suspension shall then be heated gently. Care shall be taken to avoid frothing over and
the contents of the beaker shall be agitated frequently either by stirring or by shaking the beaker by hand with

a rotary motion. As soon as vigorous frothing has subsided the volume shall be reduced to about 50 ml by
boiling.

(2) The centrifuge bottle with its stopper shall be werghed accurately to the nearest 0. 001 g and the contents

of the beaker shall then be transferred to the centrifuge bottle taking care not to lose any soil in the transfer .
(see Note 2). The volume of water in the bottle shall be adjusted to about 200 ml and the bottle stoppered and”
centrifuged for 15 min at about 2000 rev/min. The clear supernatant quurd shall be decanted and the bottle

and its contents placed in the oven and allowed to dry overnight. The bottle shall be restoppered and allowed

to cool in a desiccator. When cool the bottle shell be rewerghed and the mass of oven dry pretreated soil (m)
calculated (see Note 6). : )

2.7.3.4.3 Dispersion of soil. The procedure ful‘ drspersron of the sorr is aS follows

(1) 100 ml of water shall be added to the soil in the centrifuge bottle zmd the bottle shaken vrgorously unls] all

the soil has been brought into suspension. 25 ml of the sodium hexdmetaphosphate solution shall be added

from the pipette and the centrifuge bottle shall then be shaken on the mechanical shaking device for at least

4 h (when convenient the soil could be left shaking overnight, see Note 7). :

(2) The suspension shall then be transferred to the 63 pm BS test sieve placed on the receiver, and the sorl shall

be washed on the sieve using a jet of distilled water from a wash bottle. The amount of distilled water used

during this operation shall not exceed 150 ml. The suspension that has passed through the sieve shall be transferred

to the graduated sedimentation tube using the glass funnel, and the volume of liquid made up to 500 ml with

distilled water.

(3) The material retained on the 63 pm BS test sieve shall be transferred to gn evaporating dish and dried in the

oven at a temperature of 105 °C to 110 °C. After drying, this material shalfli resieved on the 2 mm, 600 pm,

212 pm and 63 pm BS test sieves (see Note 8), The material retained on thegg mim, 600 pm, 212 ym and 63 pm

BS test sieves after the second sieving shall be transferred to glass weighing Hottles of known mass and weighed.

The mass of dry material retained on these sieves shall be recorded as the mass of gravel, coarse, medium and

fine sand in the sample (m,, m.,, ., My, respectively). The material passing the 63 pm sieve shall be added to

the suspension. b

2.7.3.4.4 Sedimentation. The procedure for sedimentation is as follows e
(1) 25 ml of the sodium hexametaphosphate solution shall be added from a prpette toa graduated 500 ml
sedimentation tu1~e and diluted with distilled water to exactly 500 ml, This sedimentation tube together with
the sedimentation tube containing the soil suspension shall be transl‘crred to the constant temperature ballr
The rubber bungs shall be inserted and the tubes shall be allpwed to stand immersed in water up to the 500 ml
graduation mark for at least 1 h, or until they have reached\the temperature of the bath. When they have. -
attained this temperature the tubes and contents shall be taken out and shall then be shaken thoroughly by

inverting several times and shall then be replaced in the bath. y . ‘ i .
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(2) At the same instant as the tube centammg the sod suspensmn is replaced in the bath the stop watch.or ‘clock
shall be started. The rubber bungs shall then be removed carefully and laid llghtly on the top of each tube.
(3) The pipette with the tap E closed shall be lowered verticatly into the soil suspension until the endis
100 + 1 mm below the surface of the solution. It shall be lowered some 15 s before the sample is due to be
taken. Great care should be taken to avoid causing any turbulence in the suspension. Approxlmately 10 s
shall be taken to complete this operation.

The tap E shall be opened and a sample (¥, ml) drawn up into the pipette. The pipette and bore in the
tap E shall be filled with the solution and tap Ethen closed. This samplmg operation shall take 10 s to complete.
This procedute shall be carried out at the three sampling times shown in the table below corresnom ‘rng to.the
appropriate relative density of the silt and clay particles. The simpling operation shall begin at the luf‘ -s shown
" from the time the suspension was shaken up (sce Notes 9 and 10). -~ \J S

Relative densny ol‘ silt 7({:':15 after shaking of starting sampling cperation

and clay fraction 15t sample 2nd sample -| 3rd sample X CoaE

min
35 . B
21 " .'.‘
54 ' -
42 o : b
30 S ' : i
20 S B
0 . ]
50
T 41
- 33
25
18
10 (y

EN | min H] min s
‘ 2.50 30 50 30
255 20 49 0
2.60 10 47 30
2.65 5 46 0
2.70 0 44
. 2.75 50 43
i 2.80 40 42
B 2.85 35 4]
2.90 30 40
. 2.95 25. 39
3.00 20 -1 38
l‘ 3.05 15 37
3.10 16° .| 36
3.15

D 5 35
P 3.20 e 34
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R The pipette shall then be withdrawn from the suspension (taking approxlmately 10 s to complete the operation). - ;.

During the sampling a small amount of the suspension may have been drawn up into the bulb D above the ‘ '

bore of the tap E. This surplus shall be washed away into the beaker down the outlet tube F by opening the

. O tap E in such a way as to connect D and F. Distilled water shall then be allowed to run from the bulb funnel A
into D and out through F until no solution remains in the system.

(4) A weighing bottle of known mass shall be placed under the end of the pipette and the tap E opened so

that the contents of the pipette are delivered into the bottle. Any suspension left on the inner walls of the

' pipette shall be washed into the weighing bottle by allowing distilled water from the bulb A to run through

n B, Dand E into the plpett" The weighing bottle and contents shall be placed in the oven maintained at a

temperature of 105 °C to 110 °C and the sample evaporated to dryness. After cooling in a desiccator the

weighing bottle and contents shall be weighed to the nearest 0.001 g and the mass of solid matenal in the

sample determined {m;, m,, and mjy, for each respective sampling time).

(5) Between any of the times in which the above sampling is tuking place a sample (Vp ml) shall be taken from

the sedimentation tube containing the sodium hexametaphosphate solution. This sample of the solution shall

be taken as in 2.7.3.4.3 and 2.7.3.4.4 except that there is no need to time the operatton of taking the soluuon

The depth of samplmg is also unimportant. B

O The mass of solid matenal in the sample shall bc determmed (m4)

2.7.3.5 Calculanons" The mass of pretreatcd soil (m) shall be used to calculate the percentages below
2.7.3.5.1 Fine sieving (see Note 11). The calculations are as lollows ‘ :
(1} They: ‘rcentage of gravel in the original sample shall be calculated from the followmg cquatwn

Percentage gravel (over 20 mm) = !Q%,"Eg

. n A\ o - , .
*See Farm H, Appendix B, ' ‘ '
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“* (2) The percentage of coarse sand in the original sample shall be calculated from the following equation:
- e e ‘ e

el B Percentage conrse sand (20 mim to 0.6 mm) = mﬁ“ _ S
.'j_ | -(3) The percentage of medjttrn sand in the original sample shall be calculated from the following equation: -
. Lo |

c Percentage medlum sand (O 6 mm to 0.2 mm) = 100 ﬁm'

(4) The percentage of ﬁne sand in the ongmal sample shall be calculated from the following equation:

Percentage fine sand (0 3 mm to 0.06 mm) 100 mfs

2.7.3. S 2 Sedrmentat‘ron The calculations are as follows *
(l) The mass of solid matenal in 500 ml of suspension for each respective sampling time shall be calculated '
from the equation: n .

w’1 or W or Wy or Wy = mlormzt:m3orm4 X 500¢g

s ™ "_n..::‘ ki“‘n . P ' . l
K o -Whefe o : e T - . i
. BT W, is the mass of material in 500 ml from the first sampling (g); o

’ W,  is the mass of material in 500 ml from the second sampling (g);

Wy is the mass of material in 500 mi from the third sampling (g); '
W, s the mass of sodium hexametaphosphate in 500 ml &)

b Vp isthe caltbrated volume of the pipettc (ml).
TN
Y _ (2) The percentage of medium silt in the ongtnal sample shall be calculated from the following equation: e

Percentage medtum silt (0 02 mm to 0. 006 mm) = '_"’_‘__W_2 X 300
m

o (3) The percentage of fine silt in the original sample shaIl be calculated from the following cquation: , ‘
Percentage fine sillt (0.006 mm to 0.002 mm) = u X 100
{4) The perc.entage of clay in the originalgample shall be calculated from the following equatien:
| Percentage clay (less than 0.002 rnm) = w X 100

(5) The percentage of coarse silt in the originai sarnple shall be calculated from the following equation: 0

Percentage coarse silt (0.06 mm to 0.02 mm) =Im—(mg + M F m"‘?; +omy + _WI LY X 100

2.7.3.6 Reporting of results. The results of the fine analysis shall be reported on a semi-logarithmic chart of the

type shown in Fig. 10 (see Note 12),
Alternatively, the results in terms ot' the various size fractions shall be reported in the form of a table showing

1o the nearest 1 % the percentage of each of the fractions defined in the glossary. o
It shall be reported that the pipette method was used. P
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Notes on Test 7(C)

NOTE 1. If the sample has becn wet sieved down to the 63 }un BS sieve then only the mntenal passmg the 63 pm BS test sieve
needs to be used to carry out this test, thus eliminating the necessrty of 1epeating the determinations of the same fractions.
NOTE 2. Centrifuging has been specified as the means of recovering the soil after pretreatment as this is the most rapid and .
convenient method. However, if a centrifuge is not available, after pretreatment with hydrogen peroxide the soil may be ﬁltered
through 1 Whatman No, 50 filter paper on a Buchner or Hirsch funnel and after washing thoroughly with water the soll can be . .,
transferred to a weighed borosilicate glass cvaporating dish and dried in an oven. After t.oollng. the mass of soil can be ascerta!ned
by reweighing and the soil transferred to a boltle for dispersion as described in 2,7.3.4.3,:. .
NOTE 3. Dispersing agent, Sodium hexametaphosphate has been specified as the dispersing agent in view ol‘ the success wrth which
it has been employed in the analyses of a large number of soils. However, it has been found to be ineffective when dealing with
certain highly aggregated soils. In such cases the incomplete dispersion obtained is indicated by the formation of relatively large
crumbs or ‘flocs’ of soil which fall rapidly through the water leaving a sharply defincd; clear layer above the suspension. When this
occurs allow the soil {6 settle to the bottom of the tube and decant as much of the supernatant liquid as possible, Add another
25 ml of dispersing agent, shake well and make up to 500 ml. IT I‘[occulnnon strll joceurs some othcr methnd of drsperslon should
be tried®.
NOTE 4. Difficulty may be experienced with certam troprcal soils in removmg all the ﬁner l‘ructlons from lhe matcrta.l retamed
on the 2 mm BS test sieve. In such’ '.,ases it may be necessary to usc a dispersing agent as in Test 7(A) and to wet sieve the matenal
retained on the 2 mm BS test sieve. It should be dry sieved as far as possible first, to reduce the amount of suspension to be-
handled as it will have to be filtered, washed, dried, and added to the rest of the material before the pretreatment process.
NOTE 5. Size of sedimentation sample. Stokes’ Law is derived for a single sphere falling in a large body of liquid, It is not
applicable to a highly concentrated suspensron. when the particles are close enough to influence each other. [t has been established
that if the mass of solid matter in the suspension is not too large, the deviation from Stokes’ Law is negligible. . - = :
NOTE 6. Extreme care is needed with the procedure from this pomt on, as any {oss of matenal is recorded in the coarse srlt
fraction since this is obtained by difference, b !
NOTE 7. When dealing with soils which may be broken down by the shakmg techmque, (e g some shales) a reduced penod of
shaking should be adopted, ie.lessthan4 h.. .
NOTE 8. Wet sieving of sand. In the wet sicving operatmn for the separation of sand partrctes, grams with dlameters just shghtly
smaller than the apertures of the 63 I:m BS test sieve tend to be retained due to the surface tension of the water held between
the sieve meshes. The absence of such particles from the suspension should be of no consequence to the sedimentation analysis,
since, by definition, they will fall into the grade of coarse silt, which is the fraction determined by difference. However, asa .
precaution the material passing the 63 pm sieve should be added to the suspension. In order that the various percentages < af the
sand fractions can be accurately determined, it is necessary to dry the material retained on the 63 pm BS test sieve, and rea]eve P
it. The particles retained on the sieve afier this second operatron are subsequently classified as coarse; medium and. ‘“me sand:).
The effect of surface tension can be lessened by placmg the sieve in a tray of water so that the wire mesh and the sorl paruclej
are immersed completely,
NOTE 9, Sedimentaiion time and sampling deprir ln order to define the shape of the curnulauve curve at least lhree samples
should be taken at appropriate sedimentation times. The times quoted in 2.7.3.4.4(3) correspond to equivalent particle diameters
of 0.02 mm, 0.006 mm and 0.C02 mm. } is not necessary to measure the relative density of every sample used for fine analysis. t
An average value for s1mples from the same area or soil type in an aréa may_ be used without loss of accuracy. It is essential that
the relauve‘dennty used is that of the silt and clay fraction and not that of m\' whole sample of soil. . - S
NOTE 10. If it is more convenient the sample tube can be shaken up again aftér cach sample is taken provrded I.hat the stop clock
is restarted at the instant the tube is replaced’in the bath. The time of taking the next sample is then reckoned from this instant. .
NOTE 11. The sieves used do not relate exacUy to the sizes of the sand fractions but the dlfferences are negligtble for all practical
purposes,
NOTE 12, If a coarse analysis has been carried out on the sample the complete ana]ysts should be show-n on the chart Inthe |
calculation of the percentages allowance should be made for material greater than the 2 mm BS test sieve size.

2.7.4 Test 7(L¥). Subsidiary method for fine gmmed soils (hydrometer method)

2.7.4.1 General. This method covers the quantitative determination of the partlcle size dlstnbutlon ina sorl from
the coarse sand size down (see Note 1), The test as described is not applicable if less than 10 % of the material
passes the 63 pm BS test sieve as measured in Test T(A)

2.7.4.2 Apparatus. The following apparatus is required.

(1) A hydrometer of the type iliustrated in Fig. 13 and otherw1se fulﬁllmg the followmg requlrements of BS 718

The bulb and stem shall be made of glass as free as possible from visible defects. The glass shall be resistant to
chemicals and shall be well annealed. - ,

Where a solid [oading material is used it shall be fi xed in the bottom part of the hydrometer by means of a
cementing material which does not soften if heated to 80 °C. Where mercury is the loading material it shall be
confined in the bottom part of the hydrometer.

The scale and inscriptions shall be marked clearly i in pe:manent black ink on htgh qua]rty paper having a
smooth surface. It is recommended that the paper be an esparto paper (65 %to 75 % esparto) and that the
strips be cut with their length in the machine direction of the paper. .

The stem and bulb shall be circular in cross section and shail be symmetncal about the main axis. There
shall be no abrupt changes in cross section such as will hinder cleaning or drying or permil air bubbles to be
trapped. The hydrometer shall always float, at all pomts wrthm its range with the stem within 134° of the
vertical.

*See Winternieyer, A.M. and Kinter, E.B., ‘Dispersing agents for particle size analysis of soils’, Highway Research Board Bulletin 95,
Nationai Résearch Council, Division of Engincering and Industrial Research, Washington, D.C., 1955, 1-14,
Documents
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The graduation lines shall be fine, dlstmct and of uniform thxckness and shall show no ewdent lrregulantles
in spacing. The scale shall be straight and without twist, with the graduat:on lmes at nght angles to the axis of
the hydrometer.

The graduation lines shall be at intervals of 0. 0005 every alternate lme shall extend beyond the shortest lines.
every tenth graduation shall exceed that of all the intervening lines and shall be numbered in full. A recommended
scale is shown in Fig. 13. !

The basis of the scale shall be density (g/ml) and shall be cahbrated toread 1 000 at 20 C

The adjustment of the hydrometer shall be related to a liquid having a surface tension of 55 mNIm

The maximum permissible scale error on the hydrometer is plus or minus one scale division. ;

The following inscriptions shail be marked legibly within the stem or bulb of each hydrometer and shall not
encroach on the scale or the figuring,

a. The basis of scale, i.e. g/ml at 20 °C.
b. The maker’s or vendor’s name or mark.
. An identification number.
d The number of this British Standard, i.e. BS 1377

(2) Two 1000 ml graduated glass measuring cylinders with parallel sides or two parallel s:ded g]ass cyhnders

with ground glass stoppers about 70 mm diameter and 330 mm high marked at 1000 mi volume.

(3) A thermometer to cover the temperature range 0 °C to 50 °C, readable and accurate to 0.5 °C..

(4) A mechanical shaker capable of keeping 75 g of soil and 150 m! water in continuous suspensmn

(5) British Standard test sieves 2 mm, 600 pm, 212 pr, 63 pm and a receiver.

(6) A balance readable and accurate t0 0.01 8.

(7) A thermostatically controlled drying oven, capable of maintaining a temperature of 105°Cto 1 10 C.

(8) A stop clock or stop watch.

(9) A desiccator (a convenient size is one 200 mm to 250 mm in dlameter) contammg anhydrous snhca gel

{10) A millimetre scale.

(11) Four porcelain evaporating dishes. (A convenient size is about 150 mm in dlameter)

(12) A wids mouthed conical flask or conical beaker of 1000 ml capacity.

(13) A centiifuge capable of holding 250 ml capacity bottles (see Note 2).

(14) 250 mt capacity polypropylene centrifuge bottles,

{15) A 100 ml measuring cylinder.

(16) A wash bottle preferably plastics, containing distilled water.

(17) A length of glass rod about 150 mm to 200 mm long and 5 mm in d1ameter

(18) A constant temperature bath or cabinet large enough to take the apparatus used in this test The bath shall

not vibrate the sample.

2.7.4.3 Reagents. The following reagvnts are required. They shall be of: recogmzed analyt:cal reagent quahty s

{1) Hydrogen peroxide. A 20 volur'rn- solution. )
(2) Sodium hexametaphozphate soiution, Dlssolve 33gof sod1Um Hexametaphosphate and 7 g of sodlum \R
carbonate in distiiled water 1o make 1 litre of solution.

This solution is unstable and shall be freshly prepared approximately once a month The date of preparahon
shall be recorded on the bottle. .

2.7.4.4 Calibration of hydrometer
2.7.4.4.1 Volume. The volume of the hydrometer bulb, V;, shall be determined in one of the followmg ways.

(1) From the volume of water displaced. Approximately 800 ml of water shall be poured into the 1000 ml
measuring cylinder. The reading of the water level shall be observed and recorded.

The hydrometer shall be immersed in the water and the leveI shall again be observed and recorded

The difference between the two readings shall be recorded as the volume of the hydrometer bulb in
millilitres plus the volume of that part of the stem that is submerhed For practical purposes the error due
to the inclusion of this stem volume may be neglected.
(2) From the mass of the hiydrometer, The hydrometer shall be welghed to the pearest 0.1 g,

The mass in grammes shall be recorded as the volume of the hydrometer in millllltres ‘This includes the
volume of the bulb plus the volume of the stem below the 1.000 graduation mark. For practlcal purposes
the error due to the inciusion of this stem volume may be neglected.
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2.7.4.4.2 Calibration. The procedure for calibration is as follows. . ) o
(1) The sectional area of a 1000 m! measuring cylinder in which the hydrometer is to be used shall be detq:rmiﬁed
by measuring the distance between two graduations (e.g. 100 to 900). The sectional atea, A, is equal to the
volume included between the two graduations divided by the measured distance in millimetres between them.
The sectional area shall be constant throughout the length of the cylinder. TP
(2) The distances from the lowest calibration mark on the stem of the hydrometer-to each of the other major-
calibration marks, Ry, shall be measured and recorded. _ T S
(3) The distance from the neck of the bulb to the nearest calibration mark shall be measured and recorded.

(4) The distance, H, corresponding to a reading, Ry, is equal to the sum-of the distances measured in (2)

and (3). - P V L o e
(5) The distance, /, from the rieck to the bottom of the bulb shall be measured and recorded as the height of
the bulb (see Note 3). ‘ " - S . ¥ L
(6) The effective depth, Hp, corresponding to each of the major calibration marks, Ry,, shall be calculated
from the formula:

"
Hp = H +‘/z(h “Zh)

where ‘
is the length from neck of bulb to graduation Ry, {mm); . N
is twice the length from neck of bulb to its centre of volume (mm);
V,, is the volume of hydrometer bulb (ml);
A is the area of measuring cylinder (mm?). . A
(7) The relationship between Hy and R, shall be plotted as a.smooth curve; using the smooth curve so -
obtained, a scale of Ry, values shall be constructed to the right of the Hg scale on the nomographic chart
for the application of Stokes’ Law in Fig. 14 (see Note 4).

2.7.4.4.3 Meniscus correction. The procedure for meniscus correction is as follows. .

'

(1) The hydrometer shall be inserted in a 1000 ml measuring cylinder containing about 700 m! water. . .,
(2) By placing the eye slightly below the plane of the surface of the liquid and then raising it slowly until the
surface seen as an ellipse becomes a straight line, the point where the plane intersects the hydrometer scale
shall be determined (see Note 5). ‘ L L,
(3) By placing the eye slightly above the plane of the surface of the liquid, the point where the upper limit of
the meniscus intersects the hydrometer scale shall be determined. . . o .
(4) The difference between the two readings taken in (2) and (3) above shall be recorded as the meniscus
correction, Cy,, (see Note 6). v . ‘
2.7.4.5 Procedure
2.7.4.5.1 Pretreatment of soil. The procedure is as follows. . . . :
(1) A sample of air dried soil weighing approximately 75 g shall be obtained by riffling from the air dried bulk
sample obtained as described in the procedure for the preparation of disturbed samples for testing (see 1.5).
The soil, the mass of which need not be known accurately at this stage, shall be placed in the wide-mouthed .
conical flask. 150 ml of hydrogen peroxide shall then be added and the mixture stirred gently with a glass rod
for a few minutes, after which it shall be covered with a cover glass and left to stand overnight. The mixture in
the conical flask shall be heated gently. Care shall be taken to avoid frothing over and the contents“of the dish
shall be stirred periodically. As soon as vigorous frothing has subsided the volume shall be reduced to about
50 ml by boiling. With very organic soils additional peroxide may be required to complete the oxidation.
(2) The centrifuge bottle with its stopper shall be weighed accurately to the nearest 0.001 g and the contents
of the beaker shall then be transferred to the centrifuge bottle taking care not to lose any. soil in the transfer (see
Notes 2 and 6). The volume of water in the bottle shall be adjusted to about 200 ml, the bottle stoppered and
centrifuged for 15 min at about 2000 rev/min. The clear supernatant liquid shall be decanted and the bottle and
its contents placed in the oven and allowed to dry overnight. The bottle shall be restoppered and allowed to cool
in a desiccator. When cool the bottle shall be reweighed and the mass of oven dry pretreated soil calculated ().
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2.7.4.5.2 Dispersion of soil. (see Notes 7 and 8). The procedure is as follows

(1) 100 ml of the sodium hexametaphosphatc solution shall be added from a ptpette to the so:l in the centnfuge
bottle and the mixture shall then be shaken thoroughly until all the soil is in suspension. The centnfuge tube
. shall then be shaken in the mechanical shaking device for at least 4 h. When convenient the soil could be left
shaking overnight (see Note 9).
(2) The suspension shall be transferred from the ccntnfugo bottle to the 63 pm BS test sneve placed on the _
receiver, and the soil shall be washed in the sigve using a jet of dlStllled water from the wash bottle. The amount
of water used during this operation shall not exceed 500 ml. The suspension that has passed through tbe sieve
shall be transferred to the 1000 m! measuring cylinder and made up to exactly 1000 ml with distillad water.
This suspension shall then be used for the sedimentation analysis which is described in 2.7.4.5.3. *‘3"1
(3) The material retained on the 63 pm BS test sieve shall be transferred to an evaporating dish and dried in
the oven maintained at 105 °C to 110 °C. After drying, this material shall be resieved on the 2 mm, 600 pm.
212 pm a,:d 63 pm BS test sieves (seé Note 10). The material retained on these sieves after the second sieving
shall be weighed and the masses recorded as the mass of gravel, coarse, medium and fine sand respectively in 4

the sample (g, Migg, 7 and mg).
2.7.4.5.3 Sedimentation (see Note 8). The procedure is as follows

. ' (1) A rubber bung shall be inserted i m the mouth of the measunng cylmder The measunng cylmder shall then , )
be shaken vigorously until a uniform suspension is formed and finally shall be inverted end-over-end. lmmedlately
the shaking has ceased, the measurmg cylinder shall be allowed to stand and the stop watch started. The
hydrometer shall be immersed to a depth slightly below its floating position and then allowed to float freely.
Hydrometer readmgs shall bé'taken aft“r penods of % min, 1 min, 2 min and 4 mm The hydrometer shall then .
’ be removed slowly, rinsed in dlSl.l]led :.-.ater and kept ina cy linder of distilled water at the same temperature as’ -
. the soil suspension. st '
(2) The hydrometer shall be re- \nscrted m the suspension and readmgs taken after penods of 8 min, 15 min and
30 min, I h,2hand-41, after the sh'tkmg The hydrometer shall be removed, rinsed and placed in the distilled
water after each reading. Af ter 4 h, scdlmentatton readings shall be taken once or twice datly, the exact penod
of sedimentation being noted. In laking all readmgs insertion and withdrawal of the hydrometer before an<:
after taking a reading must be done carefully to avoid disturbing the suspension unnecessarily. Ten seconds":
shall be allowed for each operation. Vibration of the sample shall be avoided. : i
(3) The temperature of the suspension shall be observed and recorded once during the ﬁrst 15 min and then .
after every subsequent reading. The temperature shall be read with an accuracy of at least + 0.5 °C (see Note 11).
(4) The correction, x, to be applied for the dtspersmg agent shall be ascertained by placing exactly 50 ml of the
dlspersmg agent solution in 2 weighed glass weighing bottle. After évaporating the water by drying at 105 C to
110 °C in the oven, the mass of dispersing agent, m, shall be calculated. . _
. The dispersing agent correction, x, shall then be calculated from the equation: . .
. X = 2md \ ) ‘ |
This correction is independent of the temperature and should be apprommately 4if the concentratton of
sodium hexametaphosphate is that recommended in 2.7.4.3(2). :

2,7.4.6 Caiculanons* ‘ "'_

2.74.6.1 Fine srevmg (see Note 12). The mass of pretreated so:l m, in grams shall be used to calculate the
percentages which follow.

(1) The percentage of gravel in the original sample shall be calculated from the followmg equatton

Percentage gravel (2.0 mm) = Tﬂ X 100

(2) The percentage of coarse sand in the ongmal sample shall be calculated from the fo]lowmg equatton

Percentage coarse sand (2.0 mm to 0 6 mm) = -—'Ei X 100

(3) The percentage of medium sand in the ongmal sample shall be calculated from the follomng equatton

Percentage medlum sand (0.6 mm to 0 2 mm) —"—lmi X 100 - ' . : B
(4) The percentage of fine sand in the ongmal sample shall be calculated from the followmg equatton '

. Percentage fine sand (0.2 mm to 0.06 mm) = mf’ X 100.
*See Form I, Appendix B.

(i
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