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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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INTERNATIONAL STANDARD ISO 1920-5:2018(E)

Testing of concrete —

Part 5:
Density and water penetration depth

1 pcope

This| document specifies methods for testing the density and depth of water penetrdtion ¢f hardened
condrete.

2 Normative references

The [following documents are referred to in the text in such a way that’some or all of their content
condtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.

ISO 1920-3, Testing of concrete — Part 3: Making and curing testspecimens

3 [lerms and definitions
For the purpose of this document, the following terms and definitions apply.
ISO @and IEC maintain terminological databases\for use in standardization at the following addresses:

— [SO Online browsing platform: available“at https://www.iso.org/obp

— |EC Electropedia: available at htfp;//www.electropedia.org/

3.1
dengity
ratiq of the mass of a given quantity of hardened concrete to its volume

Note|1 to entry: The density is expressed in kilograms per cubic metre.

4 Peterminadtion of density of hardened concrete

4.1| General

Thisltest method is applicable to lighpright nnrmnl-wpighf and hpnvv-wpighf concrete

It differentiates between hardened concrete in the following states:
— as-received;

— saturated;

— oven-dried.

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

© ISO 2018 - All rights reserved 1
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4.2 Apparatus

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

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

4.2.3 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 constant depth (see Figure 1).

4.2.4 VerJtilated oven, for which the temperature can be maintained at 105 °C £ 5 °C.

4.3 Test

The minimy

Specimens

m volume of a specimen shall be 1 1. If the nominal maximum aggregate siZe exceeds 25

the minimum volume of the specimen, in cubic millimetres, shall be not less than 5093, where D i

nominal mg

ximum size of the coarse aggregate.

Normally, the entire specimen as-received should be used for the determindtion of the density.

If the shap
conforming

4.4 Proc

e or size of a specimen is such that it is not possible to usg€ all of it, a smaller speci
to the requirements given above, may be sawn from the®riginal.

bdures

4.4.1 General

4.4.1.1 Calibration of the apparatus

The appara
in water an

us used shall be in calibration at tinie of use. The balance, the device for weighing speciry
1 the oven should be calibrated 4t least once per year.

4.4.1.2 Determination of mass

This docum
a) as-rece
b) water-g
c) oven-dj

ent permits three conditions under which the mass of a specimen can be determined:
ved;
aturated;

ied.

mm,
5 the

men,

nens

4.4.1.3 Dr.\termination of volume

This document permits 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.

4.4.2 Mass of as-received specimen

Weigh the a

s-received specimen, to an accuracy of 0,1 % of the mass of the specimen.

Record the value, expressed in kilograms, as my.

© ISO 2018 - All rights reserved
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4.4.3 Mass of water-saturated specimen

Immerse the specimen in water at 20 °C * 2 °C until the mass changes by less than 0,2 % in 24 h. Before
each weighing, wipe the surplus water from the surface using a moist cloth.

Specimens of normal-weight concrete cured in water continuously for at least 72 h prior to testing may
be assumed to satisfy this requirement.

Record the value, expressed in kilograms, of saturated mass as ms.

NOTE In hot climate locations, the conditions can be different. In this case, alternative temperature of 27 °C
+ 2 °Ccan beincluded.

4.4.4 Mass of oven-dried specimen
Dry the specimen in a ventilated oven at 105 °C * 5 °C until the mass changes by leg9than 0,2 % in 24 h.
Before each weighing, cool the specimen to near room temperature in a dry aittight vessel of desiccator.

Recqgrd the value, expressed in kilograms, of the oven-dried mass as m,.
4.4.5 Volume obtained by water displacement

4.4.5.1 General

This| method is suitable for specimens of all shapes and<is the only method suitable for specimens of
irregular shape.

The gpecimen shall be in a saturated condition.

This| method is not suitable for specimens of no-fines concrete, concrete made with |lightweight
aggrlegate that floats in water, concrete with'large pores, or specimens the moisture content of which is
not fo be altered. However, if an impermeable layer is applied to the specimen, this method may be used.

4.4.%.2 Mass in water

Allow the hydrostatic device-of the balance to reach equilibrium. Ensure that the empty stirfup hanging
fron} the balance is completely immersed in the water tank and that the stirrup is not tpuching the
bottpm of the tank.

Recqgrd the depth of'the immersion of the stirrup and the apparent mass, in kilograms, of thle stirrup as
mst.

Placg the speeimen in the stirrup and fully immerse in water to the same depth as the emptj stirrup.

Takg cate to avoid trapping air bubbles on the sides of the sample and on the stirrup.

Weigh the compietely Tmmersed Specimen and SUTITup. Record (Mst ¥ M), the apparent mass, in
kilograms.

4.4.5.3 Massin air

Remove the specimen from the stirrup, and wipe the surplus water from the surfaces using a damp
cloth. Weigh the specimen on the balance.

Record the mass, in kilograms, of the specimen in air as mj.

© ISO 2018 - All rights reserved 3
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4.4.5.4 Calculation of volume

Calculate the volume of the specimen using Formula (1):

m, —

V=

[(mst +my, )_mst ]

where

p

w

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

M

i

—n

—n

-

NOTE1 Iy
at 27 °C, and

NOTE2 F
means of an

44.6 Vol

Only undanpaged, prismatic, or cylindrical specimens shall be used for the calculation of volume.

Where then
dimension 5

The averag
calculate th

4.4.7 Vol

Only undanpaged, prismatic, or cylindrical specimens shall be used for the calculation of volume.

Where spe
(see ISO 19
designated

The volume
cubic metre

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

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

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

the density of water, in kilograms per cubic metre, at 20 °C, taken as 998kg/m3.

hot climate locations, conditions can be different. In this case, the density)of water can be sped
the value can be taken accordingly as 997 kg/m3.

br irregular shape specimens, a volume measurement by water<displacement can be applig
hppropriate calibrated vessel.

lime, using actual measurements

e is no documentation to show that a specimen has been cast in a calibrated mould,
hall be measured in accordance with 1S8,1920-3.

e of the actual measurements taken and recorded for each dimension shall be use
e volume, V, in cubic metres, of the;specimen, rounded to four significant figures.

ime, using checked designated dimensions

rimens have documentation to show that they have been made in calibrated mg
20-3), it shall’be“necessary only to check that each dimension is within 0,5 % o
size.

, V, of the specimen shall be calculated from the designated dimensions, and expressg
s, rounded to four significant figures.

NOTE

Undaimaged specimens are free of any cracks or segregation traces.

ified

d by

each

d to

ulds
F the

ed in

4.4.8 Tes

t result

Calculate the density using the value determined for the mass of specimen and its volume, using

Formula (2):

p="
v

where

(2)

© ISO 2018 - All rights reserved
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D  is the density, in kilograms per cubic metre, related to the condition of the specimen and the
method of determining the volume;

m is the mass, in kilograms, of the specimen in its condition at the time of test;
V' is the volume, in cubic metres, determined by the particular method.

Reportthe condition of the specimen at the time of test (see 4.4.1.2) and the method used for determining
the volume of the specimen (see 4.4.1.3).

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

NOTE Refer to Annex A with regard to the precision for the method of determination of the density.

»

\ 4
a
a) Stirrup suspended beneath the balance b) Alternate form of stirrup suspended above the
mechanism balance mechanism

Key
1 palance
2 stirrup
3 concrete specimen
4  guide

O

Water tank is moved vertically.

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

© IS0 2018 - All rights reserved 5
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5 Determination of water penetration under pressure

5.1 Principle

The method determines the depth of penetration of water under pressure in hardened concrete that has
been water-cured, as-received, saturated or oven dried (cast in laboratory or cores extracted from sites).

Water is applied under pressure to the surface of hardened concrete. The specimen is then split and the
depth of penetration of the water front is recorded and measured.

5.2 App ratus

5.2.1 Testing equipment, which shall consist of any equipment in which the test speeimen, of
given dimensions, is placed in such a manner that the water pressure can act on the test-area and the
continuously pressure applied displayed.

An exampld of a test arrangement is shown in Figure 2.

It is preferaple that the apparatus allow the other faces of the test specimen td-be observed.
The water gressure may be applied to the surface of the test specimen eithérfrom the bottom or thq top.
A suitable spal, made of rubber or other similar material, shall be used'te provide the necessary sedling.

The dimengion of the test area shall be approximately half of the'length of the edge or diameter of the
test surfacel.

6 © ISO 2018 - All rights reserved
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Dimensions in millimetres

150

150
Key
1  packing piece 4  screw-threaded rod
2 sealingring 5  water under pressure

3  screwed on plate

Figure 2 — Example of test arrangement

5.2.2 Wire brush. A hand tool consisting of bristles made of wire, most often steel wire, and a handle.

© ISO 2018 - All rights reserved
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5.3 Test specimen

The undamaged specimen shall be cubic, cylindrical or prismatic of edge length, or diameter not less
than 150 mm. Cored and sawn specimens may also be used.

The ratio of the height to the length of the edge (or height-to-diameter) shall be greater than or equal to

0,5, but the

height shall be not less than 100 mm.

Whilst specimen dimensions should generally be in accordance with ISO 1920-3, the tolerances are
unimportant for this test.

NOTE U

dnmagpd cpprimnnc are free of any cracks or cngrngnfinn traces

5.4 Proc

5.4.1 Pr
The test ca

saturat

oven dy

as-rece

The saturat
dry the sat
specimen, t

In case of

environmental chamber under a controlled temperature and RH of 50 °C and 80 %, respect

followed by

Start the tes
roughen th
surface, so

5.4.2 Application of water pressure

The water y

Place the sp
72h+2h.

Do not appl

e'lparation and conditioning of the test specimen

bdure

be conducted on:
ed specimen;
ied specimen; or
ved samples (cores cut from existing structures).

ed test specimen shall be water-cured for 28 days in accordance with ISO 1920-3. Laborg
urated specimen in max RH of 50 % for at least>14 days. In case of saturated cong
he specimen with no readily available surface water should be used as a test specimen.

pven dried concrete specimen, the specimien should be pre-condition for 3 days i
10 days storage in sealed container at’23' °C + 2 °C (27 °C £ 2 °C for tropical countries).

twhen the specimens are atleast28days old. Immediately after the specimen is demou
b surface with a wire brush to remove the loose layer of cement paste if any on the

sed shall be petable tap water.

ecimen in the apparatus and apply a water pressure of 500 kPa + 50 kPa for the durati

y the Water pressure to a trowelled surface of a specimen.

tory
rete

h an
vely

ded,
test

that the specimen is exposed\to water pressure. In case of as-received samples extracted
from existing structures, cut surfaceoughened with sand blasting may be used.

bn of

During the

TSt periodically observe the appeararce of the Surfaces of the teStSPeCiIelr ot exp

osed

to the water pressure to note the presence of water. If leakage is observed, then record the fact and
consider the validity of the result.

5.4.3 Examination of specimen

After the pressure has been applied for 72 h + 2 h, remove the specimen from the apparatus. Wipe the
face on which the water pressure was applied to remove excess of water.

Immediately split the specimen in half, perpendicular to the face on which the water pressure was
applied. When splitting the specimen, and during the examination, place the face of the specimen
exposed to the water pressure on the bottom.

© ISO 2018 - All rights reserved
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As soon as the split face has dried to such an extent that the water penetration front can be clearly seen,
mark the water front on the specimen.

The water front should be compared with the acceptable water penetration fronts (see Figure 3).

If the water front is acceptable, measure the maximum depth of penetration under the test area and
record it to the nearest millimetre.

5.5
The

6

6.1
The

a) Acceptable b) Unacceptable
Figure 3 — Water fronts

Test result

maximum depth of penetration, expressed to the nearest millimetre, is the test result.

lTest report

General

test report (refer to Annex B) shalldnclude, in addition to the requirements for each t

the following:

a)
b)
)
d)
e)

6.2

dentification of the test specimen;

ocation of the test site;

fime/date of receipfef'the specimen;

hny deviation from the standard test methods;

Heclarationby the person technically responsible for the test that it was carried out in
with this’document (ISO 1920-5), except as noted in 6 d).

Test report for density

est method,

accordance

In addition to the requirements in 6.1, the test report for density shall include the following:

description of the specimen (e.g. 100 mm cube, 150 mm diameter core);
condition of specimen at time of test (as-received/saturated/oven-dried);
time/date of determination of mass and volume;

mass of specimen;

method of determination of volume (checked designated size/measured size/water displacement);

volume of specimen;

© ISO 2018 - All rights reserved
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calculated density of specimen.

6.3 Testreport for water penetration depth

In addition to the requirements in 6.1, the test report for water penetration depth shall include the
following:

10

type of specimen (water cured saturated, oven dried or as-received;

shape and size of the test specimen;

date of

- — - -
LdI U Ul ULIIC LCSL,

directign of application of water pressure (on top or bottom of the specimen perpendicular to or

paralle

any dey

to the direction of casting);

iation of the water penetration front from the acceptable ones;

maximyim depth of penetration, in mm;

any leakage and consideration of the validity of the result (if appropriate);

the penetration front curve;

the age

of the specimen when tested.
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(informative)
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Precision for the method of determination of the density

Precision data are given in Table A.1. These apply to density measurements in the range 2 300 kg/m3
to 2 400 kg/m3 made on cubes of concrete taken from the same sample and under the conditions that

each

test result is obtained from a single determination of the saturated density of a singlg

cube. They

indig¢ate the variability that occurs when sampling, making and curing the cubes (inaceordance with
ISO 1920-3), as well as in the measurement of their densities.
T4ble A.1 — Precision data for measurements of the saturated density of hardened|concrete
Repeatability conditions Reproducibility conditions
Test method Sy r SR R

kg/m3 kg/m3 kg/m3 kg/m3

By cplculation:

100 mm cubes 13,9 39 20,5 57

150/mm cubes 99 28 20,5 57

By water displacement:

100jmm cubes 6,5 18 12,8 36

150/mm cubes 6,4 18 10,6 30

NOTE1 The difference between two test results from the same sample by one operator usipg the same

apparatus within the shortest feasible time interval exceeds the repeatability value, r, on average n

once

NOT
each
inth

NOT
with

in 20 cases in the normal and correct.dperation of the method.

£ 2 Testresults on the same sample obtained within the shortest feasible time interval by t¥
using their own apparatus differ. by the reproducibility value, R, on average not more than ond
b normal and correct operation of the method.

£ 3 For further information on precision, and for definitions of the statistical terms used i
precision, see ISO 5725 (all parts).

bt more than

o operators
e in 20 cases

h connection
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B.1 Exan

Client

5:2018(E)
Annex B
(informative)

Example of test reports

nple of test report of the density of hardened concrete

Test organization

Accreditation test report ref.

Test location

Sample

Specimen i

Description of specimen:

Abnormalit
Details of s
Date/time

Determing

Hentification: Date and time received:
ies:
pecimen preparation:

bf determination of mass and volume:

tion of mass

Condition g
Mass of spe

f specimen at time of test;-as-received/saturated/oven-dried:

cimen (kg)(ma, ms or mg); "
g

Determing

tion of volume

Method of

Checked dpsignated sizel)
Reference tlo moeuld calibration

etermination of volume: checked designated size/actual (measured) size/displacemenf=<?>

Confirmatibrfreasurements mm

Actual measurements?l)

Confirmation measured: x x mm
Volume of specimen: m3
12 © ISO 2018 - All rights reserved
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