Standard Method of Test
for

Electrical Indication of Concrete’s Ability to Resist Chloride Ion Penetration

1. SCOPE

1.1 This test method covers the de-
lermination of the electrical conductance
of concrete to provide a rapid indication
of its resistance to the penetration of
chloride ions. This test method is appli-
cable to types of concrete where correla-
tions have been established between this
test procedure and long-term chloride
ponding procedures such as those de-
scribed in T 259. Examples of such cor-
reladons are discussed in Refs. (1-5).!

1.2 The values stated in SI. units are
to be regarded as the standard.

L3 This standard does not purport
1o address all of the safery problems, if
any, associated with its use. [t i5 the
responsibility of the user of this standard
to establish appropriate safety and health
practices and determine the applicabiliry
of regulatory limitations prior 10 use.

2. REFERENCED DOCUMENTS

2.1 AASHTOQ Standards:

T 23  Making and Curing
Concrete Test Speci-
mens in the Field
Obtaining and Testing
Drilled Cores and
Sawed Beams of Con-
crete
Making and Curing
Concrete Test Speci-
mens in the Labora-
tory
Resistance of Con-
crete to Chloride
fon Penetration

T 24

T 126

T 259

—_—
* The boldface numbers in parentheses refer to the
list of references at the end of this standard.

AASHTO DESIGNATION: T 277-93
(ASTM DESIGNATION: C 1202-91)

22 ASTM Standard:

C 670 Preparing Precision
and Bias Statements
for Test Methods for
Construction Pur-
poses

3. SUMMARY OF TEST
METHOD

3.1 This test method consists of
moaitoring the amount of electrical cur-
rent passes through 50-mm (2-in.) thick
slices of 100-mm (4-in.) nominal diame-
ter cores or cylinders during a 6-hour
pedod. A potential difference of 60 V
de is maintained across the ends of the
specimen, one of which is immersed in
a sodium chloride sofution, the other in
a sodium hydroxide solution. The total
charge passed. in cqulombs, has been
found to be related to the resistance of
the specimen to chloride ion penetration.

4. SIGNIFICANCE AND USE

4.1 This test method covers the labo-
ratory evaluation of the electrical con-
ductance of concrete samples to provide
a rapid indication of their resistance to
chloride ion penetration. In most cases
the electrical conduciance results have
shown good correlation with chloride
ponding tests, such as T 259, on compan-
ion slabs cast from the same concrete
mixtures (References 1-3).

42 This test method is suitable for
evaluation of materials and material pro-
portions for design purposes and research
and development.

43 The numercal results  (total
charge passed, in coulombs) from this
test method must be used with caution,
especially in applications such as quality

TABLE 1 Chloride Ion Penetrability
Based on Charge Passed (1)

Charge Passed Chioride lon
{coulombs) Penctrability
>4000 High
2.000-4000 Moderate
1000-2000 Low
100-1000 Very Low
<100 Negligible

control and acceptance tesung. The qual-
itative terms in the right-hand column
of Table 1 should be used in most cases.

4.4 Care should be taken in interpre-
ting results of this test when it is used on
surface-treated concretes. for example,
concretes ueated with penctrating seal-
ers. The results from this test on some

. such concretes indicate low resistance o

chloride ion penetration. while 90-day

. chlonde ponding tests on companion

slabs show a higher resistance,

4.5 The details of the test method
apply to 100-mm (4-in.) nominal diame-
ter specimens. This includes specimens
with acrual diameters ranging from 95
mm (3.75 in.) to 100 mm (4 in.). Other
specimen diameters may be tested with
appropriate changes in the applied volt-

- age cell design (see Section 7.5 and Fig-
‘jurc 1).

4.5.1 For specimen diameters other
than 95 mm (3.75 in.), the test result

“value for total charge passed must be

adjusted following the procedure in Sec-
tion 11.2. For specimens with diameters
less than 95 mm (3.75 in), particular
care must be taken in coating and mount-
ing the specimens to ensure that the con-
ductive solutions are able to contact the
entire end areas during the test,

4.6 Sample age may have significant
etfects on the test results, depending on
the type of concrete and the curing proce-
dure. Most concretes. if properly cured,

‘became progressively and significantly
"less permeable with time. .
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FIGURE1 Applied Voltage Cell (Construction Drawing)

5. INTERFERENCES

5.1 This test method can produce
misleading results when calcium nitrite
has been admixed into a concrete. The
results from this test on some such con-
cretes indicate higher coulomb values,
that is, lower resistance to chloride ion
penetration, than from tests on identical
concrete mixmures (controls) without cal-
cium nitrite. However, long-termn chlo-
ride ponding tests indicate the concretes
with calcium nitrite were at least as resis-
tant to chloride jon penetration as the
control mixtures.

NOTE 1—Other admixtures might affect
results of this test similarly. Long-term pond-
ing tests are recommended if an admixmre
effect is suspected.

5.2 Since the test results are a func-
tion of the electrical resistance of the
specimen, the presence of reinforcing

- steel or other embedded electrically con-
. ductive materials may have a significant
* effect. The test is not valid for specimens

containing reinforcirlg steel positioned
longitudinally, that is, providing a contin-
uous electrical path between the two ends
of the specimen.

6. APPARATUS

6.1 Vacuum Sarurarion Apparatus
(sec Figure 2 for example):

6.1.1 Separatory Funnel, or other
sealable, bottom-draining container with
a minimum capacity of 500 mL.

6.1.2 Beaker (1000 mL or larger) or

FIGURE 2 Vacuam Saturation
Apparatus

other container—Capable of holding con-
crete specimen(s) and water and of fitting
into vacuum desiccator (see Section 6.1.3).

6.1.3  Vacuum Desiccator—250-mm
(9.8-in.) inside diameter or larger. Desic-
cator must allow two hose connections,
through rubber stopper and sleeve or
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through rubber stopper only, Each con-
nection must be equipped with a stop-
cock.

6.1.4 Vacuun Pump—Capable of
maintaining a pressure of less than 133
Pa (I mm Hg) in dessicator.

NOTE 2—Since vacuum will be drawn
over water, pump should be protected with
a’water wap, or pump oil should be changed
after ecach operation.

6.1.5 Vacuum Gage or Manome-
ter—Accurate 10 * 66 Pa (* 0.5 mm
Hg) over range 0 to 1330 Pa (0 w0 10
mm Hg) pressure,

6.2 Coating Apparaws and Mate-
rials: "

62.1 Coaring—Rapid setting, elec-
trically nonconductive, capable of seal-
ing side surface of concrete cores.

6.2.2  Balance or Scale, Paper Cups.

Wooden  Spatulas, and Disposable
Brushes—For muxing and applying
coating.

6.3 Specimen Sizing Equipment (not
required if samples are cast to final speci-
men size). .

6.3.1 Movable Bed Water-Cooled
Diamond Saw or Silicon Carbide Saw.

7. REAGENTS, MATERIALS,
AND TEST CELL

7.1 Specimen-Cell Sealanr—Ca-
pable of sealing concrete to poly methyl
methacrylate, for example, Plexiglas.
against water and dilute sodium hydrox-
ide and sodium chloride solutions at tem-
peratures up to 90°C (200°F); examples
include RTV silicone rubbers, silicone
rubber caulkings, other synthetic rubber
sealants, silicone greases, and rubber
gaskets.

7.2 Sodium Chloride Solution—3.0
percent by mass (reagent grade) in dis-
tilled water.

7.3 Sodium Hydroxide Solution—0 .3
Normal (reagent grade) in distilied water,

7.4  Filter Papers—30 mm (No. 2)
diameter (not required if rubber gasket
is used for sealant (see Section 7.1) or
if sealant can be applied without over-
flowing from shim onto mesh).

75 Applied Voltage Cell (see Fig-
ures | and 3)—Two symmetric poly
methyl methacrylate chambers, each
containing electrically conductive mesh
and external connectors. One design in

FIGURE3 Applied Voltage Cell-Face View

common use is shown in Figures 1 and
3. However, other designs are acceptable,
provided that overall dimensions (includ-

- ing dimensions of the fluid reservoir) are

the same as shown in Figure | and width
of the screen and shims are as shown.

7.6 Thermocouple Wire and Readout
Device (optional}~0 to 120°C (30 to
250°F) range.

7.7 Voliage Application and Data
Readoui Apparar;—Capable of holding
60 = 0.1 V dc across applied voltage
cell over entire range of currents and of
displaying voltage accurate 0 = 0.1 V
and current to = 1 mA. Apparanus listed
in Sections 7.7.1 through 7.7.5is a possi-
ble system meeting this requirement.

7.71 Voltmerer—Digital (DVM), 3
digit, minimum 0-99.9 V range, rated
accuracy = 0.1 percent.

7.7.2 Voltmerer—Digital  (DVM),
4'/; digit, 0-200 mV range rated accuracy
= 0.1 percent.

713 Shunt Resistor—100 mV, 10A
rating, tolerance = 0.1 percent. Alterna-
tivety, a 0.01  resistor, tolerance = 0.1
percent. may be used, but care must be
taken to establist very low resistance
connections. ;

774 Consran; Voltage Power Sup-
ply—0-80 V dc, 0-2 A, capable of hoid-
ing voltage constant at 60 % 0.] V over
entire range of currents.

7.7.5 Cable—Two conductor, 1.6
mm (No. 14), insulated, 600 V.

8. TEST SPECIMENS

8.1 Sampie przparation and selection
depends on the purpose of the test. For

evaluation of materials or their propor-.
tions, samples may be (a) cores from test’

slabs or from large diameter cylinders or
{(f) 100-mun (4-in.) diameter cast cylins

ders. For evaluation of structures, sam-
ples may be (a) cores from the structure
or (&) 100-mm (4-in.) diameter cylinders
cast and cured at the field site. Coring
shall be done with a drilling rig equipped
with a 100-mm (4-in.) diameter dia-
mond-dressed core bit. Select and core
samples following procedures in T 24.
Cylinders cast in the laboratory shall be
prepared following procedures in T 126.
When cylinders are cast in the field to
evaluate a structure, care must be taken
that the cylinders receive the same weat-
ment as the structure, for example, simi-
lar degree of consolidation, curing, and
temperature history during curing.

NOTE 3—The maximum alfowable aggre-
gate size has not been established for this test.
Users have indicated that test repeatability
is salisfactory on specimens from the same
concrete batch for aggregates up to 25.0-mm
(1-in.) nominal maximum size.

8.2 Transport the cores or field-
cured cylinders to the laboratory in
sealed (tied) plastic bags. If specimens
must be shipped. they should be packed
$0 as 10 be properly protected from freez-
ing and from damage in transit or
storage.

8.3 Using the water-cooled diamond
saw or silicon carbide saw, cut a 50 =
3-mm (2 % 0.125 in.) slice from the top
of the core or cylinder, with the cut
parallel to the top of the core. This slice
will be the test specimen. Use a belt
sander to remove any burrs on the end
of the specimen.

8.4 Special processing is necessary
for core samples where the surface has
been modified, for example, by texturing
or by applying curning compounds, seal-

v
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ers, or other surface treauments, and
where the iniemt of the test is not 10
include the effect of the modifications.
In those cases, the modified portion of
the core shall be removed and the subse-

quent 50 = 3 mm (2 * 0.125 in.) slice ‘

shall be used for the test.

9. CONDITIONING ‘

9.1 Vigorously boil a litre or more :
of tapwater in a large sealable container.
Remove container from heat. cap tightly, .
and allow water to cool to ambient tem- .

perature.
9.2 Allow specimen prepared in Sec-

tion 8 10 surface dry in air for at least.

1 hour. Prepare approximately 10 g (0.5

oz.) of rapid setting coating and brush -
onto the side surface of specimen. Place °
the sample on a suitable support while -
coating to ensure complete coating of °
sides. Allow coaling to cure according -

to the manufacturer’s instr.ctions.
9.3 The coating should be allowed

to cure uptl it is no Jonger sticky to the

touch. Fill any apparent holes in the
coating and allow additional curing time,

as necessary. Place specimen in beaker -

or other container (see Section 6.1.2),
then place container in vacuum desicca-
lor. Alternatively, place specimen di-
rectly in vacuum desiccator. Both end
faces of specimen must be exposed. Seal
desiccator and start vacuim pump. Pres-
sure should decrease to less than 133
Pa (1 mm Hg) within a few minutes.
Maintain vacuum for 3 hours.

9.4 Fill separatory funnel or other
container (see Section 6.1.1) with the
de-aerated water prepared in Section 9.1,
With vacuum pump still running, open
water stopcock and drain sufficient water
into breaker or container 10 cover speci-
men (do not allow air to enter desiccator
through this stopcock).

9.3 Close water stopcock and allow
vacuum pump to run for one addi-
tional hour.

9.6 Close vacuum line stopcock,
then wm off pump. (Change pump oil
if a water wrap is not being used.) Tum
vacuum line stopcock 1o allow air to re-
enter desiccator.

9.7 Soak specimen under water (the
water used in Sections 9.4 through 9.6)
in the beaker for 18 = 2 hours.

10. PROCEDURE

10.1 Remove specimzn from water,
blot off excess water, and transfer speci-
men to a sealed can or other container
which will maintain the specimen in 93
percent or higher relative humidity.

10.2  Specimen mounting (all seal-
ants other than rubber gaskets: use 10.2.2
or 10.2.3, as appropnate):

10.2.1 If using two-part specimen-
cell sealant, prepare approximately 20 1o
40 g (0.7 10 1.4 c2).

10.2.2  Low Viscosiry Specimen-Cell
Sealant—If filter paper is necessary, cen-
ter filter paper over one screen of the
applied voliage cell. Trowel sealant over
brass shims adjacent 10 applied voltage
cell body. Carefully remove filier paper.
Press specimen onto screen; remove or
smooth excess sealant which has flowed
out of specimen-cell boundary.

10.2.3  High Viscosiny Specimen-Cell
Sealanr—Set  specimen onto  screen.
Apply sealant around specimen-cell
boundary.

10.2.4 Cover exposed face of speci-
men with an impermeable material such
as rubber or plastic sheeting. Place rub-
ber siopper in cell ﬁlling hole 1o restrict
moisture movement. Allow sealant 10
cure per manufacturer's instructions.

10.25 Repeat sieps in Sections
10.2.2 (or 10.2.3) and 10.2.4 on second
half of cell. (Specimen in applied voltage
cell now appears as shown in Figure 4.)

103 Specimen mounting (rubber
gasket alternative): Place a 100-mm (4-

' in.) outside diameter by 75-mm (3-in.)

inside diameter by 6-mm (0.25-in.) circu-
lar vulcanized rubber gasket in each half
of the test cell. Insert sample and clamp
the two halves of the test ccll together
to seal.

10.4 Fill the side of the cell con-
taining the top surface of the specimen

" with 3.0 percent NaCl solution. (That
. side of the cell will be connected to the

negative terminal of the power supply

" in Section 10.5.) Fill the other side of

the cell (which will be connected to the
positive terminal of the power supply)
with 0.3 Normal NaOH solution.

10.5 Attach lead wires to cell banana
posts. Make electrital connections to
vollage application and data readout ap-
paratus as appropriate: for example, for
system listed in Sections 7.7.1 through

7.7.5, connect as shown in Figure 5. Tum
power supply on, set to 60.0 = 0.1 ¥,
and record initial current reading. Tem-
peratures of the specimen, applied vol-
age cell. and solutions shall be 20 o
25°C (68 10 T7°F) at the time the 1es1 is
initiated. that is, when the power supply
is turned on. . .

10.6 During the test, the air tempera-
tre around the specimens shall be main-
lained in the range of 20 1o 25°C (68
10 77°F).

10.7 Read and record current at least
every 30 minutes, If a voltmeter is being
used in combination with 2 shunt resistor
for the current reading (see Figure 3),
use appropriate scale factors to convert
voltage reading 10 amperes. Each half of
the test cell must remnain filled with the
appropriate solution for the entire period
of the test.

NOTE 4—During the test, the iemperature
of the solutions should not be allowed 1o
exceed 90°C (190°F) in order to avoid damage
1o the cell and to avoid boiling off the solu-
tions. Although it is not a requirement of the
method, the temperature of the sclutions can
be monitored with thermocouples instalied
through the 3-mm (0.125-in.) venthole in the
top of the cell. High temperatures occur only
for highly penctrable concretes. If a test of
a 51-mm (2-in.) thick specimen is terminated
because of high temperatures, this should be
noted in the report, along with the tume of
termination, and the concrete rated as having
very high chloride ion penetrability (see Sec-
tion 12.1.9),

10.8 Terminate test after 6 hours, ex-
cept as discussed in Note 4,

10.9 Remove specimen. Rinse cell
thoroughly in tapwater; strip out and dis-
card residual sealant.

11. CALCULATION AND
INTERPRETATION OF
RESULTS

11.1 Plot current (in amperes) versus
time (in seconds). Draw a smooth curve
through the data, and integrate the area
undemeath the curve in order to obtain
the ampere-seconds, or coulombs, of
charge passed during the 6-hour test pe-
riod. (See Note 5.) Aliernatively, use
automatic data processing equipment 1o
perform the integration during or after
the test and to display the coulomb value,
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1L.2 If the specimen diameter is
other than 95 mm (3.75 in.), the value for
total charge passed established in Section
1.1 must be adjusted. The adjustment is
made by multiplying the value estab-
lished in Section 11.1 by the ratio of the
cross-sectional areas of the standard and
the actual specimens. That is:

3.75)\,
2, =0, % T)

where:

Q, = charge passed (coulombs) through
a 95-mm (3.75-in.) diameter spec
imen,

Q. = charge passed (coulombs) through
x mm (in.) diameter specimen, and

x = diameter mm (in.) of the nonstan-
dard specimen.

11.3  Use Table 1 to evaluate the test
tesults. These values were developed
from data on slices of cores taken from
laboratory slabs prepared from various
types of corcretes.

34 Oigit VM | 11.3.1 ffactqrs which are kr?own 1
affect chloride ion penetration include
water-cement ratio, the presence of poly-
meric admixtures, sample age, air-voic

system, aggregate type, degree of consol-
i ? idation, and type of curing.

FIGURE 4 Specimen Ready for Test

100V F. S,

No.i4 Wire
Hookug Wirs

Power Supply 4% Digit OvmM

0-80V dc 12. REPORT
200 mv F.§, :
0- 64 o~ Shu -
C o2 St 12.1 Repori the following, if known
Y 11 12.1.1 Source of core or cylinder, in

terms of the particular location the core
or cylinder represents.

12.1.2  Identification number of cor
or cylinder and specimen.
| 12.1.3  Location of specimen withi
To 3.0% NaCl To O3 N NaOM core or cylinder.

12.1.4 Type of concrete, inciuding
binder type, water<ement ratio, an
other relevant data supplied with sam
ples. )

FIGURE 5 Electrical Block Diagram (exatnple)

The total charge passed is a measure of Q =900 (I, + 2y + 2Usg ... + sy cluldzi:g‘sprc[s),::f::p::; I‘;i:g;ﬁ“g;“;c;';

gl:nﬂicg::a;:sggu;;agg Zis:hc Fonerete ¥ 2+ T) . forcing steel, presence and Lh.ick.ncss o

i ) where: - overlay, and presence and thickness o
surface treatment.

NOTE 5—Sample Calculation—If the cur- Q = charge passzd (coulombs), : 12.1.6 Curing history. of specimen.
rent is recorded at 30-minute intervais, the fo = current (amperes) immediately 12.1.7 Unusual specimen prepara
following formula. based on the rapezoidal after voltage is applied. and 1 tion, for example, removal of surface
rule, can be used with an electronic calculator I, = current (amperes) at ¢t min after’ treatment,

lo perform the integraton: : veltage is applied. 12.1.8 Test results, reported as the

v
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total charge passed over the tes; pertod
tadjusted per Section 11.2), and

12.1.9  The qualitative chioride ion
penewrability equivalent 1o the calculated
" charge passed (from Table 1).

13. PRECISION AND BiAS®

13.1  Precision:

13.1.1 Si‘ngle»Operamr Precision—
The single operator co-efficient of varia-
tion of a single test result has been found
1o be 12.3 percent (Note 6). Therefore
the results of two properly conducted
lests by the same operator on concrete
samples from the same batch and of the
same diameter should not differ by more
than 35 percent (Note 6).

13.1.2  Mulrilaboratory Precision—
The multilaboratory coefficient of varia-
lion of a single test result has been found
to be 18.0 percent (Note 6). Therefore
results of ™wo properly conducted tests
in diffcrent laboratories on the same ma-
terial should not differ by more than 5)
percem (Note 6). The average of three,
test res:lts in two different laboratores

* Suppor .ng data have been filed at ASTM headquar-
ters (1916 tace Suecer, Philadelphia, PA 19103) and
may be obiined by requesting RR: C-9-1004.

should not diffet by more than 29 percent
(Note 7).

NOTE 6—These numbers Tepresent, re-
spectively, the (1§ percent) and (d2s percent)
limits as described in ASTM C 670. The
precision statemehts are based on the varia-
tions in tests on three different concreles,
each tested in triplicate in 11 Jaboratores.
All specimens had the same acrual diameters,
but lengths varied within the range 50 = 3
mm (2 = 0.125 in.).

NOTE 7—Although the test method does
not require the reporting of more than one
test result, testing of replicate specimens is
usually desirable. ‘The precision statement for

-the averages of three results is given since

laboratories frequently will run this number
of specimens. The percentage cited represents
the (d2s percent) limit divided by the square
root of 3.

13.2  Bias—The procedure of this
test method for theasuring the resistance
of concrete 10 chloride jon penetration
has no bias because the value of this
resistance can be defined only in terms
of a test method

14. KEYWORDS

14.1 chlonde content: corrosion; de-
icing chemicals; resistance-chloride pen-
etration
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