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Indian Standard

METHODS OF TEST FOR SOILS

PART XXVIil DETERMINATION OF DRY DENSITY
OF SOILS IN-PLACE, BY THE SAND
REPLACEMENT METHOD

( First Revision )

0. FOREWORD

0.1 This Indian Standard { Part XXVIII ) ( First Revision ) was adopted
by the Indian Standards Institution on 21 February 1974, after the draft
finalized by the Soil Engincering Sectional Committee had been approved
by the Civil Engineering Division Council.

0.2 With a view to establish uniform procedures for the determination of
different characteristics of soils and also for facilitating comparative studies
of the results, the Indian Standards Institution is bringing out this Indian
Standard methods of test for soils ( IS :2720) which will be published in
parts. ‘This part { IS ;2720 (Part XXVIII ) ] deals with the determination
of dry density of soil, in-place, by the sand replacement method. The
in-place density of natural soil is needed for the determination of bearing
capacity of soils, for the purpose of stability analysis of natural slopes, for
the determination of pressures on underlying strata for calculation of settle-
ment, etc. In compacted soils the in-place density is needed to check the
amount of compaction that the soil has undergone for comparison with
design data. The correct estimation of the in-place density of both
natural and compacted soils is therefore of importance.

0.2.1 This standard was originally published in 1966. In this revision
the sieve size for defining fine-grained soils has been changed to 2 mm. An
appendix has been added for the determination of water content and dry
density of medium- and coarse-grained soils containing appreciable gravel
fraction.

0.3 This standard is divided into two sections. Section 1 prescribes the
method suitable for fine- and medium-grained soils using the small sand
pouring cylinder; Section 2 lays down the method which uses the large
sand pouring cylinder and is suitable for fine-, medium- and coarse-grained
soils containing stones which make the test of Section 1 difficult to
perform.
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0.3.1 For the purpose of tests described in this standard soils shall be
grouped as shown below:

Fine-grained soils Soils containing not less than 90
percent passing a 2:0-mm IS
Sieve ( see 1S : 460-1962* )

Medium-grained soils Soils containing not less than 90
percent passing a 20-mm IS
Sieve ( see IS : 460-1962* )

Coarse-grained soils Soils containing not less than 90
percent passing a 40-mm IS
Sieve ( see IS : 460-1962% )

0.4 The other standards so far published relating to the determination of
density of soil in-place are as follows:

IS :2720 (Part XXIX)-1966 Methods of test for soils: Part XXIX
Determination of dry density of soils in-place by the core cutter
method

1S:2720 (Part XXXIII)-1971 Methods of test for soils: Part
XXXIII Determination of density in-place by the ring and
water replacement method

1S:2720 ( Part XXXIV)-1972 Methods of test for soils: Part
XXXIV Determination of density of soil in-place by the rubber-
baloon method

0.5 In the formulation of this standard due weightage has been given to
international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices in the field
in this country. This has been met by basing the standard on the follow-
ing publications:

BS 1377: 1961 Methods of testing soils for civil engineering purposes.
British Standards Institution.

Inpia. MinisTRY OF IRRIGATION AND Powgr. CBIP Publication No.
42. Standards for testing soils. 1963. Central Board of Irrigation
and Power, New Delhi.

0.6 In reporting the result of a test or analysis made in accordance with
this standard, if the final value, observed or calculated, is to be rounded
off, it shall be done in accordance with IS : 2-1960t.

*Specification for test sieves ( revised ).
+Rules for rounding off numerical values ( revised ).

4
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SECTION | METHOD SUITABLE FOR FINE- AND MEDIUM.
GRAINED SOILS : SMALL POURING CYLINDER METHOD

1. SCOPE

1.1 This method covers the determination, in-place, of the dry density
(in g/cm® or kg/m?®) of natural or compacted fine- and medium-grained
soils for which a small sand-pouring cylinder is used. The method is
applicable to layers not exceeding 150 mm in thickness ( see Note ).

Note ~— With granular materials having little or no cohesion, particularly whep they
are wet, there is a danger of errors in the measurement of dry density by this method.
These errors are caused by the slumping of the sides of the excavated density hole and
always result in an over-estimation of the density.

2. APPARATUS

2.1 Small Sand-Pouring Cylinder — similar in essential details to that
shown in Fig. 1.

2.2 Tools for Excavating Holes — suitable tools, such as a scraper tool
similar to that shown in Fig. 2 to make a level surface; bent spoon, dibber
shown in Fig. 3.

2.3 Cylindrical Calibrating Container — with an internal diameter of
100 mm and an internal depth of 150 mm ( se¢ Note 1 under 4.2.2) of the
type illustrated in Fig. 4 fitted with a flange approximately 50 mm wide
and about 5 mm thick surrounding the open end. The volume of the
container should be given to an accuracy of 0-25 percent.

2.4 Balance — accurate to 1 g.

2.5 Plane Surface: Glass or Perspex Plate or Other Plane Surface —
about 450 mra square and 9 mm thick or larger.

2.6 Metal Containers — to collect excavated soil. A convenient size
is one about 150 mm diameter and 200 mm deep with a removable
cover.

2.7 Cylindrical Steel Core-Cutter —of steel, 1274 4 0-1 mm long
and 100 mm + 01 mm internal diameter with a wall thickness of 3 mm
bevelled at one end. One suitable type is illustrated in Fig. 5. The cutter
shall be kept adequately greased.

2.8 Metal Tray with Hole — 300 mm square and 40 mm deep with a
100 mm hole in the centre.
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SHUTTER COVER
e c
A E2— SHUTIEP
] n S
8 %
[ |
— ]
*The handle may be required for large pouring cylinder only.
Pouring Cylinder Size A B| c| D| E| F ‘ G C’ﬁj’gm
Small (for fine- and | 380 851 200 75 13 115 115», 3
medium-grained soils ) ! #+01! i i
Large ( for fine-, medium-| 610 { 175 | 350 ‘ 160 25 | 215 215 l 16°5
and coarse-grained soils ) , 201 | ‘

Note 1 — This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilled.

Norte 2 — Essential dimensions are underlined.

Note 3 — Tolerance on essential dimensions =1 mm.,

All dimensions in millimetres.
Fro. 1 SAND-PourING CYLINDER FOR THE DETERMINATION OF DEeNsrry

6
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WOODEN
HANDLE

]
|

N\ 0

Note — This design has been found satisfactory, but alternative designs may be
employed.

All dimensions in millimetres.

F16. 2 SCRAPER FOR LEVELLING SURFACE OF SOIL

1S mm THICK

LY
ot v PIPE
RURRER BUNG T 20mm 1D

250 ot 150 y
_
N

- END
; )/s:mmcn

NoTe — This design has been found satisfactory, but alternative designs may be
employed.

All dimensions in millimetres.
Fig. 3 DiBBer For Diceing Density HoLes

7
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Note | — This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilled.

Note 2 — Essential dimensions are underlined.
Note 3 — Tolerance on essential dimensions 4 0*1 mm.,
’ All dimensions in millimetres.
F1c. 4 CaLmBRATING CONTAINER FOR USE wITH SMALL Pouring
CYLINDER

8
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FB
|

o 75—

%o ¢
RAMMER
£
I | ; X0 @ 9—vl CORNER
108 $—1| ROUNDED OFF
15 ¢
DOLLEY
I
™~
&
l All dimensions in millimetres.
mj L———-mo Q——‘ HARDENED Note | — These designs have
106 ¢ CUTTING EDGE been found satisfactory, but
—_— alternative designs may be
employed, provided that the
CUTTER essential requirements  are
fulfilled.

Note 2 — Essential dimen-
sions are underlined.

Note 3 — Tolerance on es-
sential dimensions = 0'1 mm,

Fig. 5 Core-CUTTER APPARATUS FOR SoiL DeNsiTy DETERMINATION
9
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3. MATERIAL ( SAND)

3.1 Clean, uniformly graded natural sand passing the 1‘00-mm IS Sieve
and retained on the 600-micron IS Sieve shall be used. It shall be free
from organic matter, and shall have been oven dried and stored for a
suitable period to allow its water content to reach equilibrium with atmos-
pheric humidity ( see Note ).

NoTe — Generally a storage period, after oven drying, of about 7 days is sufficient
for the water content of the sand to reach equilibrium with the atmospheric humidity.
The sand should not be stored in air-tight containers and should be thoroughly mixed
before use. If sand is salvaged from holes in compacted soils after carrying out the test,
it is advisable to sieve, dry and store this sand again before it is used in further sand
replacement tests.

4. PROCEDURE

4.1 Calibration of Apparatus

4.1.1 The method given in 4.1.1.1 to 4.1.1.4 shall be followed for the
determination of the weight of sand in the cone of the pouring cylinder.

4.1.1.1 The pouring cylinder shall be filled so that the level of the
sand in the cylinder is within about 10 mm of the top. Its total initial
weight ( W ) shall be found and shall be maintained constant throughout
the tests for which the calibration is used. A volume of sand equivalent
to that of the excavated hole in the soil ( or equal to that of the calibrat-
ing container) (see Note 1 under 4.2.2) shall be allowed to run out of
the cylinder under gravity, The shutter on the pouring cylinder shall
then be closed and the cylinder placed on a plane surface, such as a glass
plate. '

4.1.1.2 The shutter on the pouring cylinder shall be opened and sand
allowed to run out. When no further movement of sand takes place in the
eylinder the shutter shall be closed and the cylinder removed carefully.

4.1.1.3 The sand that has filled the cone of the pouring cylinder (that
is, the sand that is left on the plane surface ) shall be collected and weighed
to the nearest gram.

4.1.1.4 These measurements shall be repeated at least three times and
the mean weight ( W, ) taken.

4.1.2 The method described in 4.1.2.1 to 4.1.2.3 shall be followed for
the determination of the bulk density of the sand (v, ).

4.1.2.1 The internal volume ( V) in ml of the calibrating container
shall be determined from the weight of water contained in the container
when filled to the brim ( see Note 1 under 4.2.2). The volume may also
be calculated from the measured internal demensions of the container.

10
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4.1.2.2 The pouring cylinder shall be placed.concentrically on the top
of the calibrating container after being filled to the constant weight ( W, )
as in 4.1.1.1. The shutter on the pouring cylinder shall be closed during
this operation. The shutter shall be opened and sand allowed to run out.
When no further movement of sand takes place in the cylinder the shutter
shall be closed. The pouring cylinder shall be removed and weighed to
the nearest gram.

4.1.2.3 These measurements shall be repeated at least three times and
the mean weight ( W) taken ( see Note ).

Note — Since variations in atmospheric humidity affect the water content of the sand,
and hence its bulk density, the calibration should be made ( or at least checked ) during
each day’s work. To overcome the effects of slight variations in grading and particle
shape between batches of sand, each batch should be sampled and calibrated.

4.2 Measurement of Soil Density — The following method shall be
followed for the measurement of soil density.

4.2.1 A flat area, approximately 450 mm square, of the soil to be tested
shall be exposed and trimmed down to a level surface preferably with the
aid of the scraper tool.

4.2.2 The metal tray with a central hole shall be laid on the prepared
surface of the soil with the hole over the portion of the soil to be tested.
The hole in the soil shall then be excavated using the hole in the tray as a
pattern, to the depth of the layer to be tested up to a maximum of 150 mm
(see Note 1 ). The excavated soil shall be carefully collected, leaving no
loose material in the hole and weighed to the nearest gram ( W, ). The
metal tray shall be removed before the pouring cylinder is placed in position
over the excavated hole.

The following alternative method shall be used for fine-grained cohe-
sionless soils:

The steel core cutter shall be pressed evenly and carefully into the
soil until its top edge is flush with the levelled surface. Soil to a depth of
100 mm (sce Note 1) within the core cutter shall then be excavated by
means of suitable tools. The excavated soil shall be carefully collected
and weighed to the nearest gram ( W, ). The core cutter shall remain
in position during the remainder of the testing procedure.

Note 1 — If for any reason it is necessary to excavate the holes to depths other than
150 mm, the calibrating container should be replaced by one, the depth of which is the
same as the hole excavated or its effective depth should be reduced to that of the hole
excavated.

Note 2 — Care shall be taken in excavating the hole to see that the hole is not
enlarged by levering the dibber against the side of the hole, as this will result in lower
densities being recorded.

11
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4.2.3 The water content ( W) of the excavated soil shall be determined
by thevmethod specified in IS:2720 (Part I1)-1973*. Alternatively the
whole of the excavated soil may be dried and weighed ( Wy ).

4.2.4 The pouring cylinder filled to the constant weight (W,) as

ii" A1 1T hall ha aa nlared that tha haca af tha suvlindar cavars the hale

A Eel el DIIAIL WL DU yla\abu LR L LiLL UJQAdW UL LldL \.yuu.u\.t LUVLLY uiaL UL
concentrically. The shutter on the pouring cylinder shall be closed during this
operation. The shutter shall then be opened and sand allowed to run out

tn tha hala Tha
into the hole. i< yG‘drlﬂg \.]uudul aud the SurrGuudlus area shall not b be

vibrated during this period. When no further movement of sand takes
place the shutter shall be closed. The cylinder shall be removed and

weighed to the nearest gram ( W, ) ( see Note ).
Note — It is necessary to make a number of repeated determinations { at least three)
and to average the results, since the dry density of the soil varies appreciably from point

soint = number of determina shot s sa a “
to point. The number of determinations should bz such that an additienal on: would

make no significant difference to the average.

ons waua

5. CALCULATIONS
5.1 The weight of sand ( W, ) in g, required to fill the calibrating container
shall be calculated from the following formula:
W,=W,— W; — W,
where

W, = weight of pouring cylinder and sand before psuring into
calibrating container in g,

Wy = mean weight of cylinder with residual sand after pouring
calibrating container and cone in g, and
W, = mean weight of sand in cone in g.
5.2 The bulk density of the sand (y, )} in kg/m® shall be calculated from
the formula:

where
V = volume of calibrating container in ml.

5.3 The weight of sand { W, ) in g, required to fill the excavated hole shall
be calculated from the followmg formula:

W‘h W‘ -

*Methods of test for soils: Part 11 Determination of water content ( second revision ).

12
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where
W, = weight of cylinder and sand before pouring into hole
ing,
W, = weight of cylinder and sand after pouring into hole
and cone in g, and
W, = mean weight of sand in cone in g.

5.4 The bulk density y,, that is, the weight of the wet soil per cubic metre
shall be calculated from the following formula:

W, )
To = - X Yo kg/m?

where
W, = weight of soil excavated in g,
W, = weight of sand required to fill the hole in g, and
. = bulk density of sand in kg/m?.
5.5 The dry density v,, that is, the weight of the dry soil shall be calculat-
ed from the following formula:
— 100 Y»
Y4 100+ w
or

kg/m?

W,
Yo = Wf X v, kg/m?
w = water content of the soil in percent,

W4 = weight of dry soil from the hole in g, and
W, = weight of sand required to fill the hole in g.

6. REPORTING OF RESULTS

6.1 The following values shall be reported:

a) Dry density of soil in kg/m® to the nearest whole number. The
dry density may also be calculated and reported in g/cm?® correct
to the second place of decimal.

b) Water content of the soil in percent reported to two significant
figures.

6.2 The method used for obtaining the test results shall be stated as the
small pouring cylinder method. The use of steel core cutter, if made, shall
also be mentioned.

6.3 The results of the test shall be recorded suitably. A recommended
pro forma for the record of the test results is given in Appendix A.

13
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(3] T I I s WAl i Fiifimim 5

2
AND COARSE-GRAINED SOILS: LA
POURING CYLINDER METHOD

SECTION METHOD SLHTARIE FOR FINE. MEDIUM.
:

7. SCOPE
" W rrvioe R} 1 L1 h S P S O, R PRV oS ISR P [P,
4.8 1NIS IMMEINOA COVErs U1 aclermunation, in-piacc, oi uUic ary acnsity

(in g/cm?® or kg/m? ) of natural or compacted soil containing stones which
make the test of Section | difficult to perform. This is an alternative
method of test to Section 1 for fine- and medium-grained soils and should
be used instead of that test for layers exceeding 150 mm but not exceeding
250 mm in thickness ( se¢ Note under 1.1 ).

8. APPARATUS

8.1 Large Sand-Pouring Cylinder —similar in the essential details to
that shown in Fig. 1.

8.2 Tools for Excavating Holes — suitable tools, such as bent spoon,
dibber (see Fig. 3), large screw driver, pointed steel rod about 300 mm long
and 5 to 10 mm dia with a wooden handle.

8.3 Cylindrical Calibrating Container — with internal diameter of
200 mm and an internal depth of 250 mm ( se¢ Note 1 under 4.2.2) of
the type illustrated in Fig. 6 fitted with a flange 75 mm wide and about
5 mm thick surrounding the open end. The volume of the container
should be given to an accuracy of 015 percent.

8.4 Balance — accurate to | g.

8.5 Plane Surface — a glass plate or other plane surface about 600
square and 10 mm thick or larger.

:

O L A ot £ndnl
QU LVACLAI WUawali

supply of sand to fill the pourin
a suitable cover.

ners — tal

rated e
cylinder. This may be provided wi

o

8.7 Metal Tray with Central Hole — a metal tray 450 mm square
and 50 mm deep with a 200 mm dia hole in the centre.

9. MATERIAL (SAND)

9.1 Ciean, uniformly graded natural sand passing the 1-00-mm IS Sieve and
retained on the 600-micron IS Sieve shall be used. It shall be free from
organic matter, and shall have been oven dried and stored for a suitable
period to allow its water content to reach equilibrium with atmospheric
humidity (sec Note under 3.1).

14
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350 ¢ -

} 200 ¢ -
FLANGE
-5 /-FLAT SURFACE

v av
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———- -‘

- G S . S S faup S = —— —— S -

..........................................

Note 1 — This design has been found satisfactory, but alternative designs may be
employed, provided that the essential requirements are fulfilled.

NoTte 2 — Essential dimensions are underlined.
Note 3 — Tolerance on essential dimensions =01 mm.

Al! dimensions in millimetres.

Fic. 6 CaLBRATING CoNTAINER FOR Use wiTH Larce Pouring
CyYLINDER AND IN THE HAnD Scoor MeTHOD

10. PROCEDURE

10.1 Calibration of Apparatus

10.1.1 The method described in 10.1.1.1 to 10.1.1.4 shall be followed for
the determination of the weight of sand in the cone of the pouring cylinder.

10.1.1.1 The pouring cylinder shall be filled with a given initial
weight of sand ( W, ). This weight shall be maintained constant through-
out the tests for which the calibration is used (see Note). A volume of
sand equivalent to that of the excavated hole in the soil (or equal to that

i5



I8 : 2720 ( Part XXVIII) - 1974

of the calibrating container) shall be aliowed to run out of the pouring
cylinder under gravity. The shutter on the pouring cylinder shall then be
closed and the cylinder placed on the plane surface.

Note — The total weight of the pouring cylinder and sand is large, so that the
method of filling and weighing is to weigh the sand in two or three containers and tip it
into the pouring cylinder before using. Care shall be taken to sce that the same
constant initial weight as is used in calibrating the apparatus is used for cach density
measurement. Sufficient sand should be used to leave about 4 to 5 kg of sand in the
pouring cylinder after the test is completed.

10.1.1.2 The shuiter on the pouring cylinder shall be opened and
sand allowed to run out. When no further movement of sand takes place in
the cylinder the shutter shall be closed and the cylinder removed carefully.

10.1.1,3 The sand that has filled the cone of the pouring cylinder
shall be collected and weighed to the nearest 01 percent of its total weight.

1

10.1.1.4 These measurements shail be repeated at least three times
and mean weight ( W, ) taken.

10.1.2 The method described in 10.1.2.1 to 10.1.2.3 shall be followed

for the determination of the bulk density of the sand (v, ).

10.1.2.1 The internal volume ( V') in ml of the calibrating container
shall be determined by the weight of water contained in the container
when filled to the brim ( s¢e Note under 10.2.2 ).

P GO - SV

18.1.2.2 The calibrating container should stand on a large tfﬁ"y‘
during the procedure to collect the sand overflowing from the cone when the
cylinder is removed. The pouring cylinder shall be placed concentrically
on the top of the calibrating container and filled with the constant weight
of sand ( ;) as in 10.1.1.1. The shutter on the pouring cylinder shall be
closed during this operation. The shutter shall be opened and the sand
allowed to run out. When no further movement of the sand takes place
in the cylinder the shutter shall be closed. The pouring cylinder shall be
removed and the sand remaining in it weighed to the nearest 0-1 percent
of its initial weight.

10.1.2.3 These measurements shall be repeated at least three times,

er 2.3).
10.2 The method given in 10.2.1 to 10.2.4 shall be followed for the
1 ensi

ensity.

itl UNCINCIt or 5 L1CT, Y

10.2.1- A flat area, approximately 60 cmn?, at the place at which the soil
is to be tested shall be exposed and trimmed down to a level surface.

10.2.2 The metal tray with a central hole shall be laid on the prepared
surface of the soil with the hole over the portion of the soil to be tested.
Lo LoTo S il ol Lol than b awoosratad sralo o dho LoVl S LY L
A I1CT 110I1T 111 UIC DUILL dilall Lilvii VU vavavaltu ubllls tiiC 110IC 1I1 1IC [ray as a

pattern, to the depth of the layer to be tested up to a maximum of 250 mm

14
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( see Note ). The excavated soil shall be carefully collected, leaving no
loose material in the hole, and weighed to the nearest gram ( W,,). The
metal tray shall be removed before the pouring cylinder is placed in
position over the excavated hole.

Norte — If for any reason it is necessary to excavate holes to depths other than 250 mm
the calibrating container should be replaced by one, the depth of which is the same as
the hole excavated or its effective depth reduced to that of the hole excavated.

10.2.3 A representative sample of the excavated soil shall be placed in an
air-tight container and its water content (w) determined by the method
specified in IS : 2720 ( Part II )-1973*,

10.2.4 The pouring cylinder filled with the constant weight of sand
( W, ) as in 10.1.1.1, shall be placed so that the base of the cylinder covers
the hole concentrically. The shutter on the pouring cylinder shall be
closed during this operation. The shutter shall then be opened and sand
allowed to run out. When no further movement of the sand takes place
the shutter shall be closed. The cylinder shall be removed and the sand
remaining in it weighed to the nearest 0’1 percent of its initial weight
(W, ) (see Note under 4.2.4).

11. CALCULATIONS
11.1 The calculations shall be done as laid down in 5.
11.2 For medium- and coarse-grained soils eontaining appreciable gravel

fraction ( plus 4'75-mm IS Sieve ) the water content and dry density shall
be determined as given in Appendix B.

12. REPORTING OF RESULTS

12.1 The results shall be reported as specified in 6 except that the method
used for obtaining the test results shall be stated as large pouring cylinder
method.

12.2 The results of the test shall be recorded suitably. A recommended
pro forma for the record of test results is given in Appendix A.

*Methods of test for soils: Part II Dztermination of water content ( second revision ).
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APPENDIX A
( Clauses 6.3 and 12.2)

DETERMINATION OF DRY DENSITY OF SOIL, IN-PLACE,
BY SAND REPLACEMENT

( Small Pouring Cylinder/Large Pouring Cylinder )

A-1. The test results for the two methods, namely, small pouring cylinder
and large pouring cylinder may be tabulated as given below using the
appropriate symbols and words in each case:

Project: Tested by:

Location:. Date:

State whether steel core cutter was used.

Calibration

1. Mean weight of sand in cone (of pouring
cylinder) ( W,),ing

2. Volume of calibrating container ( V'), in ml

3. Weight of sand (4 cylinder) Dbefore
pouring ( W, ), in g

4. Mean weight of sand (+ cylinder) after
pouring ( W, ), in g

5. Weight of sand to fill calibrating container
(Wo=W,—W;— W,),ing

W,
6. Bulk density of sand v, =~—V—° X 1000 kg/m?
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Measurement of Soil Density

1. Determination No.

2. Weight of wet soil from hole (W, ),in g

3. Weight of sand ( - cylinder ) before pouring
( Wl )s in g

4. Weight of sand ( + cylinder) after pouring
(W,),ing

5. Wcight of sand in hole ( Wy = W,— W,—W, ),
ing

6. Bulk density v, =~?}'¢ X v, kg/m?
[

7. Water content container No.

8. Weight of soil for water content determi-
nation, in g

9. Weight of oven dried soil, in g

10. Water content (w ), percent

11. Dry density yq4 = 100y, kg /m3

1004w

APPENDIX B
(Clause 11.2)

DETERMINATION OF WATER CONTENT AND DRY DENSITY
OF MEDIUM- AND COARSE-GRAINED SOILS CONTAINING
APPRECIABLE GRAVEL FRACTION ( PLUS 4:75-mum IS SIEVE)

B-1. IN-PLACE BULK DENSITY

B-1.1 The in-place bulk density (y,) of the soil shall be determined as
described in Section 2.

B-2. PROCEDURE FOR DETERMINATION OF VOLUME AND
WATER CONTENT

B-2.1 After obtaining the wet weight ( W,, ) of the total material removed
from the hole, the soil shall be separated into plus 475-mm fraction
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(gravel) and minus 475 mm fraction by the 4:75-mm IS Sieve. This
should be done rapidly to avoid loss of water. e

Note — If this test is for construction control, the fraction passing the 4°75-mm IS
Sieve should be placed in an air-tight container for further tests.

B-2.2 The fraction retained on the 4'75-mm IS Sieve ( gravel ) shall be
washed on the sieve using a minimum of water, blotted dry with a towel to
a wet surface-dry condition and weighed ( W, ).

B-2.3 The volume of the gravel ( ¥, ) in a wet surface-dry condition, shall
then be determined by displacement of water from a siphon-container from
which the over-flow can be measured, or by weighing in air and in water.
The specific gravity ( G, ) of the gravel particles should then be computed.

Note — For construction control, the volume of gravel need not be measured every
time a test is made. After several tests have shown that the specific gravity of the
gravel from a particular source is virtually constant, the specific gravity may be assumed
and the volume computed.

B-2.4 The wet gravel ( W', ) shall be placed in an oven and the oven-dry
weight and water content ( w, ) shall be determined.

B-2.5 The water content (w,) in percent of the soil fraction passing the
4-75-mm IS Sieve shall also be determined by oven-drying a representative
sample.

B-3. CALCULATIONS

B-3.1 Further calculations should be carried out as follows:

— Ww

~ Volume of hole
b) Wet weight of minus 475-mm soil = W,, — W,

a) In-place bulk density v,

¢) Volume of minus 4'75-mm soil = Volume of hole — V,
d) Wet density of minus 4-75-mm soil — %))
. . e R €))
e) Dry weight of minus 4'75-mm soil = 5 w,J100
. . e . (c)
f) Dry density of minus 4-75-mm soil = T w100
g) Dry weight of total material
{ soil 4 gravel ) = W', 4 (d)
h) Water content (wg) of total W, — ()
material, percent = T x 100
j) Percentage of gravel in the W
material on a dry weight basis = (—f-; x 100
. . . Ys
k) Dry density of the total material = TF wy /100
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