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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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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BT) see the following URL: Foreword - Supplementaty information

ttee responsible for this document is ISO/TC 71, Concrete, reinforced concrete and pre-stre
ibcommittee SC 1, Test methods for concrete

bnsists of the following parts, under the(general title Testing of concrete:
Sampling of fresh concrete

Properties of fresh concrete

Making and curing test specimens

Strength of hardened concrete

Properties of hatdened concrete other than strength

Sampling, préparing and testing of concrete cores

Non-destriuctive tests on hardened concrete

Determination of drying shrinkage of concrete for samples prepared in the field or in the labora
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Part 9:

Determination of creep of concrete cylinders in compression

Part 10: Determination of static modulus of elasticity in compression

Part 11: Determination of the chloride resistance of concrete, unidirectional diffusion

Part 12: Determination of the carbonation resistance of concrete — Accelerated carbonation method
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Introduction

Ferrous steel reinforced concrete structures need to be durable to ensure that the intended service
life is achieved. The corrosion of reinforcement induced by carbonation can play a significant role in
the serviceability of a structure and consequently carbonation resistance of concrete is an important
property to measure. This International Standard sets out a test method that may be applied to cast test
specimens to assess the potential carbonation resistance properties of a concrete mix.
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Testing of concrete —

Part 12:
Determination of the carbonation resistance of concrete —
Accelerated carbonation method

1
Thi

Scope

5 procedure is a method for evaluating the carbonation resistance of concretesusing an

carbonation test. After a period of preconditioning, the test is carried out under controlle

con

The
resi
con|

2

Thd
ind
refq
ISO
ISO

ISO

3
For

3.1
dep

test results are not designated to set performance requirements but to compare the c
stance of different concretes of the same strength class, which aré-tised in the same env
ditions.

Normative references

1920-2, Testing of concrete — Part 2: Properties of fresh concrete
1920-3, Testing of concrete — Part 3: Making and curing test specimens

1920-4, Testing of concrete — Part4: Strength of hardened concrete

Terms and definitions

the purposes of this document, the following terms and definitions apply.

th of carbonation

hccelerated
l exposure

Hitions usinganincreased level of carbon dioxide to which, the vertical sides of the specimen afre exposed.

hrbonation
ronmental

following documents, in whole or in part, are normatively referenced in this documgnt and are
spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

deptth as measured using a phenolphthalein solution sprayed on a freshly-split concrete surfpce

3.2

sing

sle paint carbonation depth

deplth of‘carbonation measured at a single point on a specimen, d point

3.3
spe

cimen face carbonation depth

mean depth of carbonation of a single exposed face of a single specimen, d face

3.4
spe

cimen carbonation depth

mean depth of carbonation of a single specimen, d spec

3.5

mean carbonation depth
mean depth of carbonation of two specimens, di
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4 Principle

Two concrete cubes are cast and cured for 28 d in accordance with ISO 1920-3 (see also changes to the
curing conditions in 6.2). The two concrete cubes are then conditioned in a laboratory air environment
for 14 d prior to sealing the top, bottom, and two opposite side faces. After sealing of all but two faces,
the cubes are placed in a storage chamber meeting the conditions specified in 5.4 and having a carbon
dioxide level of (3,0 = 0,5) % for a period of 70 d. After 70 d of exposure, the cubes shall be split in half,
perpendicular to the exposed faces, and the depth of carbonation measured in accordance with the
procedure given in Clause 7.

The test unde ence ] e 2 1, period tha
minimum fge of the specimen of 28 d prior to conditioning, a minimum conditioning period of-|
imum exposure to increased carbon dioxide levels of 70 d. In case where a higher-+tang

d the same should be reported.

Ifrequired
at exposur
exposure g

When the |
one exposu

In this casq
of the curiy

further cubic specimens may be casted and used for measurement of the depth of carbona
e periods other than 70 d. Each cubic specimens shall be used for testing at one perio
nly.

urpose of the test is to measure the depth of carbonation on the sante specimen at more t
re period, concrete prisms shall be used.

, two prisms are cast and cured for 28 d in accordance withr\|SO 1920-3 (see also amendmjg
g conditionsin 6.2). The prisms are conditioned in a laboratory air environment for 14 d p|

to sealing tlhe top, bottom, and two end faces. After sealing all buttwo longitudinal faces, the prisms

placed ina
(3,0%0.5)

storage chamber, meeting the conditions specifieddn 5.4 and having a carbon dioxide lev
Do for the overall test period which should be 70«d: After each exposure period, a 50 mm §

fion
1 of

han

bnts
rior
are
bl of
lice

is broken f
of the pri

Lces

fom each prism and tested for carbonation depth. After splitting off a slice, the split end f3
s are sealed and the remainder of the prismis returned to the storage chamber.

SrI
The specinjens, cubes, or prisms shall be positioned with their exposed faces in the vertical position.

The curing conditions may vary from one-epuntry to another in accordance with local provisipns;

however, these conditions shall be recorded-and reported.

5 Reagents and apparatus

5.1 Parafffin wax or equivalent, for sealing the non-exposed faces of test specimens.

5.2 Asolution, made'of1 g of phenolphthalein powder dissolved in 100 ml solution composed of 7)) ml
ethanol angl 30 ml of deionised water.
5.3 A magnifier and a gauge, to measure the depth of carbonation perpendicular to the expdsed

concrete syrface with a precision of 0,5 mm.

5.4 A storage chamber with a carbon dioxide concentration at (3,0 + 0,5) % by volume,
temperature at (22 + 2) °C, and a relative humidity at (55 * 5) %, see Annex A for details of a suitable
chamber. In hot climate locations, the conditions in the storage chamber may be temperature at (27 + 2) °C
and relative humidity at (65 * 5) %.

Experience has shown that if saturated surface-dry specimens are placed in the storage chamber shortly
after removal from water curing, the relative humidity could exceed that permitted. Also, in storage
chambers without active control of the carbon dioxide, the levels could drop below the permitted
tolerance as the carbonation process continues. It is therefore a recommendation of this test method
that the storage chamber has active control on carbon dioxide, relative humidity, and temperature.

© ISO 2015 - All rights reserved
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Other carbon dioxide concentration levels, other humidity levels, and other temperature levels may be
used. However, this shall be recorded and reported.

NOTE Relative humidity levels may be maintained using methods at the discretion of the laboratory, for
example, active humidification/dehumidification or saturated salt solutions.

5.5 Apparatus, for recording the relative humidity with a precision of +2,0 % and the temperature with
a precision of 0,5 °C.

5.6 Apparatus, for recording CO2 concentration with a precision of +0,1 % by volume.

recommended that recording apparatus be fitted with an audio/visual alarm to alefit ll)reaches of
concentration within the storage chamber due to possible apparatus malfunction.

It is
CO7

5.7| Fans, to facilitate steady circulation of air within the storage chamber.

6 |Preparation of specimens

6.1l General

Cub
wit
sha
whyd
the
con

For
hayv
carl
and
cub

es and/or prisms for the determination of the carbonation-résistance shall be made in

h this part of ISO 1920. If the specimens are to be madé by a test laboratory, the test
1 be supplied with a full specification including the mix quantities and the mixing prod
bre appropriate, the constituent materials. Where*the specimens are prepared by th
r representative, the test laboratory shall be infdrmed of the day of casting and provi
firmation that the specimens were stored as required by this part of ISO 1920.

the determination of the depth of carbonation at any given exposure period, two cubic
ing a cross-section of 100 mm or greatex shall be prepared. For the determination of t
bonation at more than one exposure period on the same test specimen, two prisms, 4

having a cross-section of 100 x 100‘mm, shall be prepared. The shortest dimension of thq
e, or prism, shall not be less than four times the maximum nominal upper aggregate size

motild release agents should be avoided or minimized, as they might influence the carbonati

6.2

Bef
test
mix

ISO

Making, curing, and testing of prisms and cubes

hccordance
laboratory
edure, and
e client or
ded with a

specimens
e depth of
0 mm long
specimen,
The use of
pn depth.

bre casting the speeimens, measure the consistence class or target value using the slum

fro

test, Vebe

, degree of compactability, or flow table test (as appropriate), as described in ISO 1920-. For each
, cast two prism’s/cubes from a single batch of concrete. Cast the prisms horizontally a¢cording to
1920-3.In hekclimate locations, the curing conditions after demoulding the specimen can pe different

those thentioned in ISO 1920-3. In this case, the specimens shall be stored in water or infa chamber

havjing a temiperature in the range of (27 + 2) °C and a minimum relative humidity of 95 %. After finishing
the priSm's/cubes, cover the exposed surface with polythene or similar impermeable sheeting to prevent
dryjinglAfter (22 + 2) h, the moulds shall be stripped and the prisms/cubes transferred without delay into
a water-filled bath with temperature control set in the range of (20 * 2) °C in accordance with ISO 1920-3.
In hot climate locations, the temperature of the water in the bath may be in the range of (27 £ 2) °C.

It is recommended that at least two compressive strength specimens are made and tested in accordance
with ISO 1920-4 at 28 d. Where a number of mixes are made, additional testing, e.g. the 28-day strength,
should be undertaken to confirm consistent manufacture or identify anomalous batches where mixes
might need to be repeated.

After removal from the curing tank, the specimens shall be immediately wrapped and sealed in polythene
or similar material that will prevent drying during transportation. Alternatively, they should be
transported while remaining fully immersed in water, e.g. in a mobile curing tank. On arrival at the test
laboratory, the test specimens shall be unwrapped, checked for damage, and then stored in a water-filled
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curing tank with temperature in the range of (20 * 2) °C in accordance with ISO 1920-3 until they are 28 d
old. In hot climate locations, the temperature of the water in the bath may be in the range of (27 * 2) °C.

At an age of 28 d, the prisms/cubes shall be removed from the water bath and transferred for 14 d to
a laboratory air drying environment having a temperature in the range of (18 - 29) °C and relative
humidity in the range of (50 - 70) %.

Alternative conditioning environments may be used; however, they shall be recorded and reported.

After 14 d of conditioning, the top and bottom longitudinal faces and the two end faces of prisms (or top,
bottom, and two side faces of cubes) shall be sealed using paraffin wax or a similar material that will
prevent ingTess of carbon dioxide and allow carbonation to occur only on two castlongitudinal surtdces.

See Figurell a). Qr\

NOTE 1 'he purpose of sealing the top, bottom, and end faces is to minimize any corner effegi;ﬁ m m|
directional farbonation and also to prevent longitudinal carbonation through the prism/cube.

] Llti-

NOTE 2
the concret
each applicg

4
Iif paraffin wax is used to seal the surfaces, melt it in a temperature controlled le and app
b surface with a paint brush in three equal layers, leaving the wax to set o concrete betw

tion. O

y to
reen

Once the p|
5.4. The p1f
permits ait

risms/cubes have been sealed, they shall be placed in the stor Ql

amber complying v

faces are vertical and

to circulate freely around the two faces that are to be car,

ated (see Annex A).

vith
that

isms/cubes shall be positioned in such a way that their exp;s

1

a) Sealingc ﬁnd prism prior to placing in

b) Sealing of split end face of prism after
storalg e@é(l ironment for the first time

removing slice for testing carbonation depth

Key
1
2

3
4

waxed faces concrete slice split and sprayed with phenolphthalein

exposed faces prism split and resealed

Figure 1 — Sealing of prism specimen prior to and during testing
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Carbonation depth measurements

Exposure period and generation of colour change

The carbonation depth of prisms shall be measured after the following exposure periods: 56 d, 63 d,
and 70 d or as specified after placing in the storage chamber. The carbonation depth of cubes shall be
measured at 70 d unless specified otherwise.

10 single point carbonation depths (dk point) are measured after each exposure period on each prism or
cube and the depth of carbonation d, is expressed as the mean of the 20 readings.

A slice approximately 50 mm thick shall be broken off after each exposure period and thérs

on 1
det
half

NOT
Cle:
fing
colg

The

NO1
the

8

8.1
The

8.2

The
edg]
of a
per

Thd
a to|

8.3

ermination of the carbonation depth is made on a cube after 70 d of storage, the cube sha
. The depths of carbonation on the freshly broken surface of the split slice shall be measy

E1 Slicing by saw is not suitable.
mist of indicator solution. Avoid the formation of flow channels an-the test surface. If o
uration or none at all appears on the treated surface, spray again after 30 s.

measurements shall be conducted after the colour has stabilized.

ndicator solution.

Determination of the carbonation depth

General

carbonation depth shall be determinedby the colour change in accordance with the method d

Measuring the depth of carbonation

carbonation depth shall-be’‘measured at five points on each exposed face. To locate these
e length shall be divided into six equal distances. The five central points shall be used. W
ruler or a sliding gauge and a magnifier, the point carbonation depth (dk point) shall be ¢
pendicular to theeexposed surface of the prism with a precision of 0,5 mm per measured

depth of thelearbonation shall be measured on the one broken face on both prisms giving
tal of at least20 measurement points.

Appreciation of dense aggregates

lit surface
he remaining prism resealed to prevent longitudinal carbonation [see Figure 1 b)}: Wh{re a single

be splitin
red.

ir the broken surface immediately of dust and loose particles after breaking and then spray with a

nly a weak

E2 The measured depth of carbonation may be influenged\by the time of measuring after application of

iven below.

points, the
th the help
etermined
point.

(normally)

Der

Sedggregate partictes tiattiewithinthecarbomationfromtwittmotbecotoured by thephen

Iphthalein

and the carbonation front will be interrupted by the particle [see Figure 2 a)]. For determining the
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carbonation depth, the theoretical carbonation depth at the intersection of the location point and a line
connecting the limits on each side of the particle [see Figure 2 b)] shall be used.

" 13

AN AN

» Vi

dk,point

dk,point

7

a) Dens¢ aggregate interrupting carbonation b) Theoretical carbonation front'drawn
front across dense aggregate

Key

1  measulfing points

2 dense qggregate

3 theoretjcal carbonation front

Figure 2 1+ Procedure for obtaining the carbonation depth whefe)the point falls within a depse

aggregate particle

8.4 Appreciation of pores and porous aggregates:and extreme values

When ther¢ are pores or particles of porous aggregateslying in the area of the carbonation front, extr¢me
values of tle carbonation depth may appear (see Figure 3). Where the measured values of Ady, poing
less than 4 mm, they shall be used in the calculation of the mean carbonation depth. Higher valug

Ady point sHall not be included when calculating the mean carbonation depth; however, the existeng
high value§ of Adk, point shall be recorded in'the test report.

are
s of
e of

VLN AR

A R
—t 2 7 %
/ j ! 1
£ /// E
a) Porous aggregatefllf:)tltle: rupting carbonation b) Air void interrupting carbonation front

Key
1  measuring points

2 porous aggregate
3  airvoid

Figure 3 — Procedure for obtaining the carbonation depth where the point falls on a porous
aggregate particle or on air void
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Expression of the results

The mean depth of carbonation for each exposed face of a specimen (dk, face) shall be calculated and
recorded. The mean depth of carbonation for each specimen (dk, spec) shall be calculated and recorded.
The arithmetical mean of the mean carbonation depth of two specimens (dk) at 70 d shall be reported as

the

carbonation depth of the concrete mix.

Where testing is undertaken on prisms at alternative exposure periods, these shall be expressed as the

arit

9
a)

g)

Thd

10

Thd
rep
the

hmetical mean of two specimens (dx) at the reported alternative exposure periods.

Test report

reference of the concrete under test;
date of casting of the specimens;
date of the start of the test;

all measured minimum and maximum carbonation depths of at least 20 points at thg
exposure period of 70 d or the specified exposure periods;

mean carbonation depth of specimen faces (dk face), €ach specimen (dk, spec), and the overal

ifany, the number of values of Ady, point and their magnitudethat were notincluded in the
of the mean value;

any deliberate deviation from the reference conditions or non-conformity with the test
e.g. any failure to maintain the required carbon:dioxide for an identified short period or
the preconditioning environment.

test report may contain the following:

details of the concrete mixes;

individual test results and relevant photographic records;

results of additional testing;€.g. compressive strength results at 28 d;
any additional comments or observations;

any accreditation.for undertaking the test procedure.

Precision

repedtability (r) of the carbonation measurements (95 % confidence level) is r = 2,0
batability standard deviation of 1,0 mm. No repeatability or reproducibility data are ay
falbtest.

b reference

mean (dy);

calculation

conditions,
changes to

mm with a
Failable for

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=819dd6dd1df81667832cc2b7bcf18247

ISO 1920-

The featur
carbon dio
When a la
rapidly anc
content be
chamber ta
in Figure A

12:2015(E)

Annex A
(informative)

Guidance on suitable storage chambers

es of a typical storage chamber are given in Figure A.1. For the reference conditions,

Fge number of specimens are placed in a chamber, the carbon dioxide content might
remain below the required levels. For this reason, it is recommended that the carbondio}
controlled and a suitable method is by means of a carbon dioxide injector connected to
replace carbon dioxide consumed by the carbonation reaction. A suitable apparatus is s

should be g

Prisms sha
should be |
prism, e.g.
be placed

manner th
provided b

Mechanica
circulation
by means o

the minimyim and maximum number of prisms to be used'to ensure adequate air circulation during

Experience
chamber, t
storage ch

arried out on a daily basis. Any deviations from this level should be reparted.

uld be stored either horizontally or vertically. Where prisms are stored horizontally, t
bositioned in such a way to permit the free flow of air to the expdséd, unsealed faces of]
1sing spacers cut from 50 mm diameter plastic piping. It is recomimended that spacers sh
bn the sealed faces of the specimens. Prisms should be plagedin the storage chamber

etween the prisms and the walls.

fans (table fans are suitable) should be positioned within the storage chamber to ensursg
. It is recommended that the turbulence be monitored during commissioning of the chan
fa smoke generator test or a similar method. The'storage chamber should be tested with &

has shown that if non-standard saturated surface-dry specimens are placed in the stor
he relative humidity could exceed thdt permitted. It is therefore a recommendation that
hmber has active control on relativetHumidity (50 - 70) % and temperature (18 - 29) °C.

h
.2 and Figure A.3. Monitoring of the readings from the carbon dioxide injéction equipli

the
me.
fall
kide
the
wn
ent

hey
the

uld
in a

ht ensures a gap of at least 50 mm between prisms; see Figure A.4. A similar gap should be

air
ber
oth
l1se.

age
the
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~
)
<

concrete specimens
turbulent flow
wooden platform
CO7 inlet

steam inlet

fan

CO7 controller

O© 0 N O U1 o W N =

control box

-
o

dehumidifier

Juny
=

gas input

Juny
N

regulator

[
w

CO3 gas cylinder

temperature control device

Figure A.1 — Typical storage chamber with vertical storage

13
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gure A.2 - Suitable system for carbonation dioxide injection and monitoring

Key
1 carbonjtion storage chamber
2 zeroaifin
3  samplefout
4  samplel|in
5 pump
6  thermal conductivity detector
7  selector valve
8 fine meftering valve
9  CO3 conptroller
10 C02c0|5{!roller valve hi
11 CO3 controller valve lo
12 COz cylinder
F
10
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