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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 104 "Concrete (performance,
production, placing and compliance criteria)", the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by April 2001, and conflicting national standards shall be withdrawn at the latest by
December 2003.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following countries
are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland, France,
Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland
and the United Kingdom.

This standard is one of a series of methods for testing concrete.

It is based on the International Standard ISO 6275 - Concrete, hardened - Determination of density. 

A draft for this standard was published in 1996 for CEN enquiry as prEN 12363. It was one of a series of individually
numbered test methods for fresh or hardened concrete. For convenience it has now been decided to combine these
separate draft standards into three new standards with separate parts for each method, as follows:

- Testing fresh concrete (EN 12350)

- Testing hardened concrete (EN 12390)

- Testing concrete in structures (EN 12504)

The series EN 12390 includes the following parts where the brackets give the numbers under which particular test
methods were published for CEN enquiry:

EN 12390 Testing hardened concrete

Part 1: Shape, dimensions and other requirements of specimens and moulds (former prEN 12356 : 1996)
Part 2: Making and curing specimens for strength tests (former prEN 12379 : 1996)
Part 3: Compressive strength of test specimens (former prEN 12394 : 1996)
Part 4: Compressive strangth - Specification for testing machines (former prEN 12390 : 1996)
Part 5: Flexural strength of test specimens (former prEN 12359 : 1996)
Part 6: Tensile splitting strength of test specimens (former prEN 12362 : 1996)
Part 7: Density of hardened concrete (former prEN 12363 : 1996)
Part 8: Depth of penetration of water under pressure (former prEN 12364 : 1996)

1  Scope

This standard specifies a method for determining the density of hardened concrete.

It is applicable to lightweight, normal-weight and heavy-weight concrete. 

It differentiates between hardened concrete in the following states:

– as-received;
– water saturated;
– oven-dried.

The mass and the volume of the specimen of hardened concrete are determined and the density calculated.
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2  Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this European
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies (including amendments).

EN 12390-1, Testing hardened concrete – Part 1: Shape, dimensions and other requirements of specimens and
moulds.

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results - Part 1: General principles and
definitions.

3  Apparatus

3.1  Callipers and rules , capable of determining the dimensions of a specimen to within ± 0,5 %.

3.2  Balance , equipped with a stirrup for weighing the specimen in both air and water to an accuracy of 0,1 % of
the mass.

3.3  Water tank , fitted with a device to maintain the water at a constant level and of sufficient size to allow the
specimen on the stirrup to be fully immersed to a constant depth.

3.4  Ventilated oven , in which the temperature is capable of being controlled at (105 ± 5) °C.

NOTE  The apparatus required depends upon the method selected for determining the volume of the
specimen.

4  Test specimens

The minimum volume of a specimen shall be 1 l. If the nominal maximum aggregate size of specimens cast in
moulds exceeds 25 mm, the minimum volume shall be not less than 50 D3, where D is the nominal maximum size
of the coarse aggregate.

Normally, the entire specimen as received shall be used for the determination. If the shape or size of a specimen
is such that it is not possible to use all of it, a smaller specimen may be broken or sawn from the original.

Capped specimens shall not be used.

5  Procedures

5.1  General

5.1.1  Determination of mass

The standard recognizes three conditions under which the mass of a specimen can be determined:

a) as-received;

b) water saturated;

c) oven-dried.
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5.1.2  Determination of volume

The standard recognizes three methods for determining the volume of the specimen:

a) by water displacement (reference method);

b) by calculation using actual measurements;

c) for cubes, by calculation, using checked, designated dimensions.

NOTE 1  The precision of the method depends on the method selected for measuring the volume of the
specimen. Measurement of volume by the water-displacement method is the most precise, followed by
calculation using measurement of actual dimensions and lastly calculation using checked, designated,
dimensions.

NOTE 2  The limitation to cubes in 5.1.2 c) of using designated dimensions in calculation of volume is due
to the greater tolerance on length, according to EN 12390-1, of other specimen shapes.

5.2  Mass of as-received specimen

Weigh the as-received specimen (mr), to an accuracy of 0,1 % of the mass of the specimen. Record the value
indicated, in kilograms.

5.3  Mass of water saturated specimen

Immerse the specimen in water at (20 ± 2) °C until the mass changes by less than 0,2 % in 24 h, wiping the surplus
water from the surface before each weighing. Record the value of the saturated mass (ms), in kilograms.

NOTE  Specimens of concrete cured in water for at least 72 h prior to testing, may be assumed to be
saturated to a constant mass.

5.4  Mass of oven-dried specimen

Dry the specimen in a ventilated oven at (105 ± 5) °C until the mass changes by less than 0,2 % in 24 h. Before
each weighing, cool the specimen to near room temperature in a dry airtight vessel or desiccator. Record the value
of the oven-dried mass (mo) as indicated, in kilograms.

5.5  Volume obtained by water displacement

5.5.1 General

Ensure that the specimen is in a saturated condition.

NOTE 1  This method is suitable for specimens of all shapes and is the only method suitable for specimens
of irregular shape.

NOTE 2  This method is normally unsuitable for specimens of no-fines concrete, lightweight aggregate
concrete with large pores, or specimens whose moisture content must not to be altered. However, the
application of a thin water impermeable layer can make this method practicable.

5.5.2  Mass in water

Determine the mass of the specimen in water according to the following procedure:

Raise the water tank until the stirrup, without a specimen, is immersed in the water tank and not touching the bottom
of the tank. Record the apparent mass of the stirrup (mst), in kilograms.
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NOTE 1  The apparent mass of the stirrup may alternatively be allowed for using a zero setting facility on the
balance. (tareing).

Place the specimen in the stirrup and raise the water tank until the specimen is submerged and the water level on
the stirrup is the same as it was without the specimen. 

NOTE 2  Trapping of air bubbles on the sides of the specimen and on the stirrup should be avoided.

Record the apparent mass (mst + mw), in kilograms, of the immersed specimen and stirrup.

5.5.3  Mass in air 

Determine the mass of the specimen in air according to the following procedure:

Remove the specimen from the stirrup and wipe the surplus water from the surfaces, using a damp cloth. Place the
specimen on the balance and record the mass of the specimen in air (ma) in kilograms.

5.5.4  Calculate the volume of the specimen

Calculate the volume of the specimen, using the formula :

where:

V                                    ma  [(mst  mw)  mst]

ρw

V is the volume of the specimen, in cubic metres;

ma is the mass of the specimen in air, in kilograms;

mst is the apparent mass of the immersed stirrup, in kilograms;

mw is the apparent mass of the immersed specimen, in kilograms;

ρw is the density of water, at 20 °C, taken as 998 kg/m³.
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a) Stirrup suspeded beneath b) Alternative form of stirrup suspended 
balance mechanism above balance mechanism

Key
1 Balance 
2 Stirrup
3 Concrete specimen
4 Guide
5 Water tank is moved vertically
6 Side view of stirrup

Figure 1 - Typical stirrup arrangement for the determination of the volume of concrete specimens by
water displacement

5.5.4  Volume obtained by measurement

Calculate the volume of the specimen from measurements made on the specimen in accordance with EN 12390-1,
in cubic metres, rounded to four significant figures.

5.5.5  Volume obtained by using designated dimensions (cubes only)

Confirm that the cube has been made in a calibrated mould, conforming to EN 12390-1.

Check the dimensions in accordance with EN 12390-1.

Calculate the volume of the cube in cubic metres, expressed to 3 significant figures.
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6  Test result

Calculate the density using the values determined for the mass of specimen and its volume, using the formula:

D      m
V

where:

D is the density related to the condition of the specimen and the method of determining the volume, in
kilograms per cubic metre;

m is the mass of the specimen in its condition at the time of test, in kilograms;

V is the volume determined by the particular method, in cubic metres.

Report the condition of the specimen at the time of test and the method used for determining the volume of the
specimen as part of the test result.

Express the result of the density determination to the nearest 10 kg/m³.

7  Test report

The report shall include:

a) identification of the test specimen;

b) location of performance of test;

c) description of the specimen (e.g. 100 mm cube, 150 mm diameter core);

d) details of specimen preparation (if any);

e) condition of specimen at time of test; (as-received, or water saturated, or oven-dried);

f) method of determination of volume; (water displacement, or measured size, or checked, designated size);

g) date of test;

h) calculated density of specimen;

i) any deviation from standard test methods;

j) a declaration by the person technically responsible for the test that it was carried out in accordance with this
standard, except as noted in item i).

8  Precision

Precision data are given in Table 1. These apply to density measurements in the range 2300 kg/m3 to 2400 kg/m3

on cubes made from the same sample of concrete and when each test result is obtained from a single determination
of the saturated density of a single cube. They indicate the variability that occurs when sampling, making and curing
the cubes.
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Table 1 - Precision data for measurements of the saturated density of hardened concrete 

Test method Repeatability conditions Reproducibility conditions

sr

kg/m3
r

kg/m3
sR

kg/m3
R

kg/m3

By calculation using
measured dimensions:

100 mm cubes,
150 mm cubes.

13,9
 9,9

39
28

20,5
20,5

57
57

By water displace-
ment:

100 mm cubes
150 mm cubes

 6,5
 6,4

18
18

12,8
10,6

36
30

NOTE 1  The precision data were determined as part of an experiment carried
out in 1987 in which precision data were obtained for several of the tests des-
cribed in BS1881. The experiment involved 16 operators. The concretes were
made using an ordinary Portland cement, Thames Valley sand, and Thames
Valley 10 mm and 20 mm coarse aggregates.

NOTE 2  The difference between two test results from the same sample by one
operator using the same apparatus within the shortest feasible time interval will
exceed the repeatability value r on average not more than once in 20 cases in
the normal and correct operation of the method.

NOTE 3  Test results on the same sample obtained within the shortest feasible
time interval by two operators each using their own apparatus will differ by the
reproducibility value R on average not more than once in 20 cases in the normal
and correct operation of the method.

NOTE 4  For further information on precision, and for definitions of the statistical
terms used in connection with precision, see ISO 5725-1.


