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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The dry bulk density is used together with the particle density (see ISO 11508) for the calculation of the
solids content and porosity of soil for the evaluation of soil structure and conversion of concentrations
of substances in soil from mass/volume to mass/mass and vice versa.

© IS0 2017 - All rights reserved v
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ISO 11272:2017(E)

Soil quality — Determination of dry bulk density

1 Scope

This document specifies three methods for the determination of dry bulk density of soils calculated
from the mass and the volume of a soil sample. The methods involve drying and weighing a soil sample,
the volume of which is either known [core method (see 4.1)] or determined [excavation method (see 4.2)

and (

lod method (see 4.4)].

2 Normative references

The
cons
unda

AST]
AST]

ASTN
inat

ASTN
inad

DIN

For t

ISO 4

— 1

31
dryl
ratio

following documents are referred to in the text in such a way that some“or all of t
fitutes requirements of this document. For dated references, only the“edition cited
ted references, the latest edition of the referenced document (including any amendme

I D1556, Standard test method for density and unit weight of soilin.place by sand-cone m|
1 D2167, Standard test method for density and unit weight of50il in place by the rubber bal

I D4914, Standard test methods for density of soil and regk in place by the sand replacer
est pit

1 D5030, Standard test methods for density of soiband rock in place by the water replacel
est pit

| 8125-2, Soil investigation and testing —Determination of density of soil — Part 2: Field

Terms and definitions

he purposes of this documentythe following terms and definitions apply.
nd IEC maintain termirological databases for use in standardization at the following g

EC Electropedia: atajlable at http://www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp

pulk density
of thereven-dry mass of the solids to the volume of the soil

Note

heir content
applies. For
hts) applies.

ethod
loon method

nent method

nent method

tests

ddresses:

te’entry: The bulk volume includes the volume of the solids and of the pore space

Note 2 to entry: The preferred SI unit of measurement is kilograms per cubic metre (kg - m-3), but grams per

cubic

© ISO

centimetre (g - cm-3) is also very common. Note thatx g - cm-3 =1 000 x kg - m-3.
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4 Test procedures

4.1 Core

method

4.1.1 Principle

This method is applicable to stoneless and slightly stony soils. Core samples of known volume are taken
with a metal sampling tool. The sample is dried in an oven and weighed, and the dry bulk density is

calculated.
4.1.2 App

4.1.2.1 Cd
steel cap forj

aratus

re sample holders, thin-walled metal cylinders with a volume of 100 cm3 tg 400 c
driving into the soil, and a driver.

m3, a

4.1.2.2 Oyen, heated and ventilated, capable of maintaining a temperature of (105 2) °C.
4.1.2.3 Dgsiccator, sealed chamber in which the air is kept dry with the“aid of silica gel or pther
desiccant.

4.1.2.4 Laboratory balance, capable of weighing to an accuracy of¥/1 000 of the measured valu

4.1.3 San

Press or dri
either a ver
holder and i
of the samp
to the volun
containing
NOTE 1 In|

Remove the

on the balapce (4.1.2.4) immediately after removal from the desiccator (m¢). Control mass is reg

when the di
0,01 % of th|

Swell/shrin
content. Sud
be sampled
too hard to
soil volume

NOTE 2

ipling and drying

ve a core sample holder (4.1.2.1) of known volunie without deflection and compactior
Fical or horizontal soil surface far enough t@’fill the sampler. Carefully remove the sa
ks contents to preserve the natural structure, and trim the soil extending beyond eac
e holder with a straight-edged knife ot<sharp spatula. The soil sample volume is thus ¢
le of the sample holder. Take at least-six core samples from each soil layer. Place the ho
he samples in an oven (4.1.2.2) at 105 °C until constant mass is reached.

most cases, constant mass is réaclied after 48 h drying.

samples from the oven ahd-allow them to cool in the desiccator (4.1.2.3). Weigh the san

fferences in successive weighings of the cooled sample, at intervals of 4 h, do not e3
e original mass 6fthe sample.

k soils (espeeially clays, muds and peats) change their bulk density with changing v
h soils shotild be sampled first in a moist state (i.e. field capacity); in addition, they s}
in a wetter state (water saturation) and in a drier state (i.e. wilting point). If the dry 4
be_sampled, the bulk density of the soil can be determined according to 4.3, and the

™

into
ple
end
pqual
Iders

hples
ched
ceed

vater
jould
oil is
total

hceording to 4.2.3.

If bulk density (and water content) is the only parameter of interest, it is not necessary to keep the

samples in their holders when taking them back to the laboratory. After the sample has been obtained and
trimmed, the soil can be extracted from the holder, without loss, in order to be stored for transportation either in
ametal box or in a heat-resistant plastic bag.

It is normally worthwhile to combine a measurement of the water content with a measurement of the
bulk density; in that case it is necessary to transport the samples without allowing loss of water by
evaporation, and to begin the laboratory operations by weighing the fresh sample.

© ISO 2017 - All rights reserved
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Calculation

The dry bulk density is calculated using Formula (1) and Formula (2):

My
Pos = (1)
my =m, —m, (2)
where

D, is the bulk density, dry, in grams per cubic centimetre, g/cm3;

mq is the mass of the sample dried at 105 °C, in grams, g;

|4 is the volume of the sample holder, in cubic centimetres, cm3;

mns is the mass of the empty sample holder, in grams, g;

my is the mass of the sample holder together with the soil saniple dried at 105 °C, i1} grams, g.

4.2 | Excavation method

4.2.1

Principle

Bulk|density is determined by excavating a quantity, of soil, drying and weighing it, and detgrmining the
voluine of the excavation by filling it with sand. This procedure is applicable to soils contdining gravel

and/pr stones.

4.2.2

4.2.2.1

4.2.2.2

haminer.

4.2.2.3

bags|or canisters:

4.2.2.4

4.2.2.5

Apparatus

Earth-digging equipment, such as a spade, with a long sharp-edged straight blad

U

Sampling equipment, flat-bladed spade, knife (for hard or stony soil), pick, dpade chisel,

Equipment for collecting and cleaning, such as plastic sheet, brush, heat-resistant plastic

Plastic film, thin, flexible, but stable.

Equipment for spreading sand, including funnel with a gauging rod (the fglling height

beneath the funnel mouth should be 5 cm), graduated cylinder of 1 dm3 capacity.

4.2.2.6

4.2.2.7

4.2.2.8

4.2.2.9

Dry, graded sand of known volume, with a particle diameter between 500 um and 700 um.
Balance, capable of weighing to an accuracy of 0,1 g.
Oven, heated and ventilated, capable of maintaining a temperature of (105 + 2) °C.

Vacuum desiccator with self-indicating desiccant.

4.2.2.10 Sieve, with 2 mm apertures.

© IS0 2017 - All rights reserved 3
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4.2.2.11 Straight metal blade.

4.2.3 Field procedure

Level off the soil surface with the straight metal blade (4.2.2.11) [Figure 1 a)]. Dig a hole in the levelled
soil having a representative content of larger gravel and stones according to visual inspection. Avoid
compaction of the soil on the sides [Figure 1 b)]. Put the excavated soil in bags (4.2.2.3) for laboratory
analysis. Large nonporous stones such as granite pieces may be separated in the field, cleaned with a
stiff brush, putting the fine material into the bags. Weigh the large nonporous stone(s) on a field balance

and include

it in the mass of gravel and stones.

Line the ho
known volu
without pag
read the vol

424 Lab

Determine {
stones and g
brush), and
at (105 £ 2)

Determine {
to 10 g) of K
from the ov{
the water cd

pratory procedure

e with the plastic film (4.2.2.4). Using the funnel (4.2.2.5), fill the hole to excess w
me of sand (4.2.2.6) from a height of 5 cm [Figure 1 c)]; then, level the surface with the |
king down. Replace the excess sand into the graduated measuring cylinder (4:2.2.5)
lime [Figure 1 d)]; the difference from the initial volume of sand is the volumeé)/-of the

he mass, in grams, of the moist excavated soil with a balance (4.2¢2.7) (mpw). Separat
ravel from the fine soil with the sieve (4.2.2.10) (clean any dirty pieces with a cloth or ¢
weigh them on the laboratory balance (mxw). Dry the stones and gravel in the oven (4.4
°C and after cooling weigh them, in grams, on the laboratory balance (my).

he water content of the fine soil (<2,0 mm diameter) by:drying a representative sampl¢
nown mass in the oven at (105 # 2) °C until constantunass is reached. Remove the sa
bn and allow to cool in the desiccator. Weigh the samiple on the laboratory balance. Calc
ntent (w) as a mass ratio of the moist sample.

e

ith a
blade

and
hole.

e the
stiff
.2.8)

(58
mple
ulate

0

O 9

b) Dig a hole
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0 .
O 9

c) Fill with sand

0

O 9]

d)-Remove the excess sand and measure its volume

Figure 1 — Excavation method — Field procedure

4.2.3 Calculation

The drybulk density of the soil layer is calculated using Formula (3) to Formula (6):

Pos = (3)

Mgy =M, =My —my 4)

m, =w-m, (5)

My, = My, =My, (6)
where

© IS0 2017 - All rights reserved 5
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my i
mep i
vV i
Mpw 1

My is the mass of the water from the excavated fine soil, in grams, g;

w i

Myw |

mey

4.3 Subst
With growil
ASTM D491

needs to be
by other fill

— freewa

— watero

:2017(E)

s the mass of dry gravels and stones, in grams, g;
s the mass of the dry fine soil, in grams, g;
s the volume of the hole, in cubic centimetres, cm3;

s the mass of the excavated moist soil, in grams, g;

is the dry bulk density of the soil, in grams per cubic centimetre, g/cm3;

ven-dried soil;
s the mass of moist gravels and stones, in grams, g;

s the mass of the moist fine soil, in grams, g.

itute methods

material like
Fer (see ASTM D5030),
r another liquid in a rubber balloon (see ASTM'D2167), and

— plastic palls (see Annex A).

Table 1 char
applicability

NOTE M

for different soil materials.

P
—SMaX 'see EN 932-1.
56

s the water content of the excavated fine moist soil, in grams of water per gram of

1g maximum particle size, it is necessary to enlarge the hole’ to be excavated accordipg to
1 and DIN 18125-2 to get representative samples. The lapger'the hole, the more fill material
provided and transported. Therefore, it can be useful.to replace dry, graded sand (4.4.2.6)

acterizes common methods by mean sample weight and sample volume, as well as by [their

nimum sample size Ss in kg.can be estimated from maximum particle size Psyax in millimetijes by

© ISO 2017 - All rights reserved
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Table 1 — Characterization of some common substitute methods

Substitute | Maximum Sample Sample Applicable on
method |particle size| weight volume PP
mm kg 1
Core method 0,15to
(4.1) less than 13 2,25 0,1to 1,5 — — —
Balloon no shar
method lessthan 38 |3 to 15 2to 10 rainsp
(ASTM D2167) §
Sandmethod hesi
(4.2, less than 38 |7,5to 45 5to 30 cql es.l;/}f_ fine and gravel
ASTM D1556) soitwi medium | &tavelly :
out coarse sand kand and | Withless
grain cohesive sandy than 10 %
Sand|method 38 to 200 soil with gravel Sa.nd or
“.2, (man. 400) | 1510300 |10t0200 coarse finer
ASTM D4914) ' grain
Watdr
method ?r?lsi 2400%) 15to 750 |10to 500
(ASTM D5030) :
I(DAIEISIEIECX%HS rznoo(;'e than 2520580 ios%go gravel, cobbles, boulders with less than 20 % s3nd or finer
Mak¢ sure that the selected method achieves standard deviations less than or equal to 0,015
(0,02) g/cm3 for inner laboratory repeated (inter-laberatory compared) analyses concerning core and
ballgon method and 0,020 (0,030) g/cm3 concerning all other methods (DIN 18125-2).
4.4 | Clod method
4.4.1 Principle

The @iry bulk density of clods, orcoarse peds, can be calculated from their mass and volume

can |
first
ped 4
gives
acco

4.4.2

4.4.2

e determined by coating'aclod of known mass with a water-repellent substance and
in air and then again-while immersed in water, making use of Archimedes’ principle.
hould be stable in prder to cohere during coating, weighing and handling. The clod me
higher bulk density values than other methods, because the interclod spaces are nd
int.

Apparatus

.1/\Earth digging equipment, flat shovel, spade, pick.

The volume
weighing it,
The clod or
thod usually
t taken into

4.4.2

4.4.2

4.4.2.4

.2 Sampling equipment, small flat-bladed spade, knife, chisel, hammer.

.3 Container, of molybdenum sulfide (MoS3) in heavy oil.

Laboratory balance with a thin wire attached to the weighing beam, from which a light frame

can be suspended. The frame serves as a platform for a weighing dish, so that both frame and dish can be
immersed in a container of water during weighing (Figure 2).

© ISO

2017 - All rights reserved
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4.4.2.5 Thermometer.

1
2 \
'%
4 ™ 26
\ oot ‘_n__l .
5 ~__ [
[ = \
fed a5
/ .
Key
1 compengating weights
2 thin wirg
3 small container
4  large conjtainer filled with water
5 laboratofy balance
Figure 2 -+ Laboratory balance to determine the volume of clods by weighing in air and water
4.4.3 Proredure
Separate anfd weigh soil clods or peds with a laboratory balance (4.4.2.4) and coat them in oil (4.4{2.3).
Weigh the cpated clod again, once in ait~and once immersed in water. Measure the temperature df the
water and determine its density from,Table B.1. To obtain a correction for the water content of the soil,
break open the clod, remove an aliquot of soil, and weigh the aliquot before and after drying in an|oven
at (105 £ 2) PC.
4.4.4 Calgulation
The oven-diy mass of the soil clods is calculated using Formula (7):
m
m, = —+= 7
d 1 b ( )
where
w is the water content of the subsample, in grams of water per gram of oven-dried soil;
m is the net mass of the moist clod in air in grams, g;
mq is the net mass of the oven-dry clod in grams, g.

© ISO 2017 - All rights reserved
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Calculate the bulk density of the dry clod using Formula (8):

mass Py XM
Pys = 1 = = d (8)
volume m_mw+mo(po_pw)
where
p is the bulk density of oven-dry sample, in grams per cubic centimetre, g/cm3;
b,s

4.4.§ Unified reference temperature

Do is the density of the coating oil, in grams per cubic centimetre, g/cm3;

Aw  isthe density of water at temperature of determination, in grams per cubic centimetre, g/cm3;
mq  isthe oven-dry mass of soil sample (clod or ped) in grams, g;
m is the mass of soil sample in air in grams, g;

w is the mass of soil sample plus coating in water in grams, g;

Mo isthe mass of coating in air in grams, g.

To gdt comparable dry bulk densities measured at differenttemperatures, the unification of a reference

temperature at 20 °C according to Formula (9) is required.

where

5

The test report shall contain the following information:

a)
b)
‘)
d)
e)
f)

P20°c = Pyoc X KFyoc 9)

f#20°c is the dry bulk density at 20 C in grams per cubic centimetre, g/cm3;
Oxe°C is the dry bulk density at measured temperature in grams per cubic centimetre, g/cm3;

KFyec isthe coefficient @timeasured temperature according to Table B.1.

L

[est report

a reference\to this document, i.e. ISO 11272;

¢omplete identification of the sample;

areference to the method used;

the moisture conditions of the soil during sampling;
the results of the determination;

any details not specified in this document or which are optional, as well as any factor which may
have affected the results.

© IS0 2017 - All rights reserved 9


https://standardsiso.com/api/?name=a58b35bd69846730d806bb7528eea189

ISO 11272:2017(E)
Annex A
(informative)

Volume measurement using plastic balls

The volume of soil removed is measured by pouring plastic balls of 2 cm diameter and having a packing
density of 7,315 cm3 per ball into the cavity until level with the soil surface, and counting the number of
balls. The sdil volume, V, in cubic centimetres, is calculated using Formula (A.1):

V =7,31% x number of balls (A.1)

For further fletails on this method, see Reference [2].

10 © IS0 2017 - All rights reserved
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Density of water at different temperatures

Table B.1 shows the density of water at different temperatures according to Reference [3].

Table B.1 — Density of water at different temperatures
Temperature |Density of water| Coefficient Temperature |Density of waten|- Coefficient
°C g/cm3 KF °C g/cm3 KF
15,0 0,999 10 1,000 90 23,0 0,997 54 0,999 33
15,1 0,999 09 1,000 88 23,1 0,997 52 ,999 31
15,2 0,999 07 1,000 87 23,2 0,997 49 0,999 29
15,3 0,999 06 1,000 85 23,3 0,997 47 1),999 26
15,4 0,999 04 1,000 84 23,4 0,997 45 0,999 24
15,5 0,999 02 1,000 82 23,5 0,997 42 ,999 21
15,6 0,999 01 1,000 80 23,6 0,997 40 D,999 19
15,7 0,998 99 1,000 79 23,7 0,997 37 ,999 17
15,8 0,998 98 1,000 77 23,8 0,997 35 ,999 14
159 0,998 96 1,000 76 239 0,997 32 0,999 12
16,0 0,998 95 1,000 74 24,0 0,997 30 4),999 09
16,1 0,998 93 1,000.72 24,1 0,997 27 1),999 07
16,2 0,998 91 15000 71 24,2 0,997 25 4),999 04
16,3 0,998 90 1,000 69 24,3 0,997 23 1),999 02
16,4 0,998 88 1,000 67 24,4 0,997 20 4),998 99
16,5 0,998 86 1,000 66 24,5 0,997 17 1),998 97
16,6 0,998-85 1,000 64 24,6 0,997 15 d),998 94
16,7 0,998 83 1,000 62 24,7 0,997 12 ,998 92
16,8 0,998 81 1,000 61 24,8 0,997 10 0,998 89
16,9 0,998 79 1,000 59 249 0,997 07 1),998 87
17,0 0,998 78 1,000 57 25,0 0,997 05 4),998 84
17,% 0,998 76 1,000 55 25,1 0,997 02 (I),998 81
17,2 0,998 74 1,000 54 25,2 0,997 00 ,998 79
173 0,99872 160052 25,3 0,996 97 ,998 76
174 0,998 71 1,000 50 25,4 0,996 94 0,998 74
17,5 0,998 69 1,000 48 25,5 0,996 92 0,998 71
17,6 0,998 67 1,000 47 25,6 0,996 89 0,998 68
17,7 0,998 65 1,000 45 25,7 0,996 87 0,998 66
17,8 0,998 63 1,000 43 25,8 0,996 84 0,998 63
179 0,998 62 1,000 41 259 0,996 81 0,998 60
18,0 0,998 60 1,000 39 26,0 0,996 79 0,998 58
18,1 0,998 58 1,000 37 26,1 0,996 76 0,998 55
18,2 0,998 56 1,000 35 26,2 0,996 73 0,998 52
18,3 0,998 54 1,000 34 26,3 0,996 71 0,998 50
© IS0 2017 - All rights reserved 11
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