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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

Structurally deficient concrete is caused by deterioration due to corrosion, mainly induced by chlorides
from de-icing salts and marine exposure. The structural durability of concrete has become an issue of
common concern to engineering.

The high humidity and high salt spray characteristics of the marine environment need higher durability
structures. More specific requirements for the corrosion-resistant properties of reinforced steel bars,
as well as the corresponding testing technology requirements, have been put forward.

In c

nsideration of engineering practices,_corrosion propertieg could be predicted on

he basis of

testi
spec
can

hg the corrosion rate via the comparative test of the steel bar specimen and a referfer]
men. This document is consistent with the actual conditions of concrete structurese;
rovide support for the development and selection of corrosion-resistant steel.

iIce steel bar
kposure and
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INTERNATIONAL STANDARD ISO 21062:2020(E)

Corrosion of metals and alloys — Determination of the
corrosion rates of embedded steel reinforcement in
concrete exposed to simulated marine environments

WARNING — This document does not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this document to establish

appropriate safety and health practices.——
1 $cope

This|document specifies the apparatus, materials, specimen preparation, pro¢edures, |[results and
repofts for comparing the corrosion rates of steel reinforcement bars in concrete in simulpted marine
and ¢oastal environments.

This|document is not applicable to galvanized steel reinforcement. {t”“gives guidelines for material
seledtion in corrosion design.

In order to illustrate the methodology, Annex A provides examples of experimental results.

2 Normative references

The following documents are referred to in the text'in such a way that some or all of their content
consfitutes requirements of this document. Forzdated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

[SO 1920-3, Testing of concrete — Part 3: Making and curing test specimens
ISO 1920-4, Testing of concrete — Part 4: Strength of hardened concrete
IS0 3673-1, Plastics — Epoxy resins'— Part 1: Designation

ISO §935-2, Steel for the reinforcement of concrete — Part 2: Ribbed bars

ISO 8407:2009, Corrosion of metals and alloys — Removal of corrosion products from cqrrosion test
specimens

ISO 42965-1, Concrete — Part 1: Methods of specifying and guidance for the specifier

[SO R2965<2»Concrete — Part 2: Specification of constituent materials, production of doncrete and
compliance of concrete

EN 1'\"’1 Val £ D 1. TeL 1Ly 41 o £ R e Py b t
J 771, GCITICTIU rurtc 1. bUlllyUDlLlUll, ..)[JCLI_I[LUL(UI[O uriu bUllle llllby crireer lUJUl CuUITrmrurt © men S

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved 1
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31

breaking of specimens

separation of specimens (which are steel reinforcement bars that have been encased in concrete) into
fragments using a hammer or similar tools and then taking out the bars

4 Apparatus

4.1 Simulation chamber.

The simulation chamber shall be designed so that the test conditions can be obtained and controlled
during the [test. The simulation chamber shall be such that the conditions of homogeneijty] and
distribution| of the spray are met. A typical design of simulation chamber is shown in Figufée 1| The
placement of the concrete specimens is shown in Figure 2.

The test is gonducted in a temperature range (approximately 5 °C to 30 °C). In special-¢asés, other test
temperatur¢ ranges may be adopted by agreement between the parties.

5
6 \ 4

7 —
OO ACO\
/

8 OO ;
Key
1  vessel with spray solutioh 5 tube
2 pressurizing pump 6  nozzles
3  power 7  specimens
4 control ynit 8 specimen holder

Figure I — Typical design of simulation chamber

2 © IS0 2020 - All rights reserved
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Key
1 dpecimen
2 dpecimen holder

NOTH All materials, such as plastic or stainless steel, that can support the mass of the specimens and have
certajin corrosion resistance can be used as specimen holders.

Figure 2 — Placement of concrete specimens

4.2 | Spraying device.

The [spraying device for the salt solution installed in the simulation chamber shall b¢ capable of

produhihg a fine mist or small r‘rnp]nfc Fn”ing onthe test nhjnrfc

Salt (5.5) solution concentration: 3 % * 0,2 %, initial pH 7 = 0,5.

4.3 System for forced drying.

The simulation chamber shall be equipped with a system for forced air flow drying, as after spraying/
wet stand-by all test objects should be dried and it shall be possible to regain environmental control
within a reasonable time.

The specimens are sprinkled every 12 h for 60 min + 5 min. Then the ventilation system is turned on for
2 h to dry the specimens.

© IS0 2020 - All rights reserved 3
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5 Test materials

5.1 Reinforcing steel.

The reinforcing steel shall have a diameter of 16 mm to be consistent with the dimensions of Figure 3.

5.2 Benchmark bar.

The benchmark bar is numbered as 0# with alength of 395 mm * 2 mm. [t shall be selected in accordance
with ISO 6935-2. B400DWR steel is recommended.

5.3 Testh

Test bars ar

5.4 Concry
B30 concret

The standay
cement is r¢
with ISO 22
coarse aggr

5.5 Indus
Industrial s{

Users can cHf

ars.

e numbered as 1#, 2# and 3#, with a length of 395 mm * 2 mm.

ete.
e shall be used in accordance with ISO 22965-1 and ISO 22965-2.

d cement used in this experiment shall conform to EN 197-1. CEM 11/A Portland-comp
commended with a strength class of 42.5. The aggregate shall’be selected in accord
D65-1 and SO 22965-2. It is recommended to use approximately 5 mm to 10 mm grave
pgate.

trial salt.
hlt is used in the experiment.

joose industrial salt according to their actual situation, as long as, in the process of teg

the selection and added amount of industrial salt shall be consistent for the series of tests.

The recomn
S0,2-<0,70

6 Prepa

nended quality indicators of indust¥ial salt are NaCl > 94,5 %, CaZ*+Mg2* < 0,40 %
%.

ration of specimens

6.1 Reinflorcing steel cleaning

The reinfor(
traces (dirt
employed s}

ing steel (5.1) shall be thoroughly cleaned before testing. Cleaning shall eliminate all {
oil or other>oreign matter) that could influence the test results. The cleaning me
nall depénd' on the nature of the material, its surface and the contaminants. It shal

include the fise of.any abrasives or solvents that could attack the surface of the specimens.

It is recomn

nénded that reinforcing bars should be degreased and submerged in 10 % sulfuric aq

osite
ance
|s for

ting,

and

hose
thod
1 not

id at

room temperature for approximately 10 min to 15 min. Then they should be washed using dis

water. After

that, they should be soaked in n-hexane and then dried.

6.2 Reinforcing steel coating ends

tilled

Both ends of the reinforcing bars are coated with the epoxy, which shall conform to ISO 3673-1. The
coating length is 25 mm * 1 mm.

6.3 Adding industrial salt

Industrial salt (5.5) is added to the concrete (5.4) and as 2,5 % of the cement.

© IS0 2020 - All rights reserved
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6.4 Making concrete specimens

The dimensions of the test specimens are 100 mm x 100 mm x 400 mm. No fewer than three specimens
are used in each exposure period.

The three-dimensional positioning of the reinforcing bars is shown in Figure 3. The reinforcing bars
are fixed inside the mould. A benchmark bar (5.2) numbered as 0# and three test bars (5.3) numbered
as 1#, 2# and 3# are placed together in each specimen. Countries can adjust the thickness of the bars’
protective layer according to their actual situation and the experiment purpose. The recommended
thickness of the bars’ protective layer is 15 mm. It takes 24 h for the concrete (5.4) to harden. Then,
the wood boards used to hold the bars in place are removed from both ends, which are sealed with the

cemdTrtitious grout: T tre bars shroutd ot beexposed: The specinensare mambered after 24 h. The bars
shalllbe placed in the curing chamber for 28 d in accordance with the requirements of 1S0.1920-3.
15 70 15
)
(=}
=
(=)
r~
0
100
Figure 3 — Cross section of concrete specimen

7 Test procedure
7.1 Initial performance test

7.1.1 Mechanical properties and chemical compositions of reinforcing bars

The analysis of the chemical composition and the test of the mechanical properties of the bars shall be
performed in accordance with ISO 6935-2.

© IS0 2020 - All rights reserved 5
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7.1.2 Mass

The initial mass m,, of the bar is measured after the rust is removed according to 6.2. The accuracy of
the measurementis 0,01 g.

7.1.3 Dimensions

After the bar is treated using the method described in 6.2, it shall be measured for its initial dimensions
by the method specified in ISO 6935-2. Three measurements are taken at randomly picked spots and
the average is calculated.

7.1.4 Conrete strength

The concrete strength test shall be conducted in accordance with the method specified in ISO-192(-4.
7.2 Test datarecording

7.2.1 Testtime

The recording starts after the 28 d curing period. The test duration and concrete destruction perfod is
determined|by the purpose of the experiment. The recommended expetrimént duration is 54 weeks. A
triplicate sef of specimens is examined destructively every 18 weeks.

7.2.2 Crag¢ks record

The specimé¢n is inspected every week during the experiment. The location of cracks and the inspeftion
time are recorded. Figure 4 shows the location of cracks. The cross section is evenly divided by drawing
vertical and|/horizontal lines to connect the middle of th€’parallel sides. The serial number of each|area
matches the serial number of bars.

6 © IS0 2020 - All rights reserved
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Figure 4 — Component cracks corresponding schematic diagram area

7.3 | Breaking of specimens

7.3.1 General

Threle specimens are broken each time. When necessary, photos are taken before and after the
specimens are broken.

7.3.1 Mechanical properties

TheJnechanical properties of the bars should be tested after they are taken out of the broken concrete.

7.3. Mass

After the bars are taken out of the broken concrete, the rust shall be removed in accordance with
[SO 8407:2009, Annex A, and the epoxy shall be removed with a light mechanical cleaning treatment by
brushing. The mass, m;, of the bars is then measured. The accuracy of the measurement is 0,01 g.

7.3.4 Dimensions

Three measurements of the bars are taken after they are taken out of the broken concrete with the rust
and epoxy removed. The average of the measurements is calculated.

© IS0 2020 - All rights reserved 7
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8 Testresult

8.1 Mass

loss rate of test bar

The mass loss rate of each test bar is calculated using Formula (1):

m. m
_ 10
n=——-

%100

mio

where

U

8.2 Avers

The averagsd
n=m;
where 17_1 is

8.3 Ratio

The ratio of

ki=n;/ng

where

is the mass loss rate, in %;

is the initial mass, in g;

is the mass after being taken out of concrete, in g;
is the mass loss of each reinforcing bar, in g;

is the serial number of each bar.

jge mass loss rate of test bar

mass loss rate of the test bar is calculated using Formula (2):

the average mass loss rate, in %.

of the mass loss rate of the benchmark bar and the test bar

the mass loss rate of the benchmark bar and the test bar is calculated using Formula (

k.

; isth

No ist

e ratio of the mass loss rate;

e mass loss’rate of the test bar, in %;

e mass loss rate of the benchmark bar, in %.

8.4 Averagéerat

M

(2)

B):

(3)

The average ratio of the mass loss rate of the benchmark bar and the test bar is calculated using

Formula (4):

k=k;

where ki is

the average ratio of the mass loss rate, in %.

(4)
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