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ABSTRACT

An Iowa D.0.T. Laboratory built machine was constructed for the
chloride permeability testing of concrete by measuring electric
current through a specimen between a salt solution and a base

solution,

This study had two purposes. The first was to evaluate the
machine's performance. To do this, three concrete mixes were
made consisting of different cement factors and water/cement
ratios. Each mix was tested for chloride ion content by the 90-
day salt ponding method and for chloride permeability at a 28-day
cure by the permeability machine. The results from each test
were evaluated to see if there was correlation between chloride
ion content and the chloride permeability. It was determined
that there was a correlation and that the permeability machine
was satisfactory for determining chloride permeability in

concrete.

The second purpose of this study was to examine the effects that
pozzolans have on the chloride permeability of concrete. Four
mixes were made: one without any pozzolans as a control, one with
class € fly ash, one with c¢iass F fly ash, and one with silica
fume. Specimens from each mix were evaluated for chloride ion
content by the 90-day salt ponding test and by the laboratory
built machine for chloride permeability after curing 28 days.
Specimens from these mixes were also taken from the salt ponding

slabs after completion of the ponding test to examine the effect
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chloride ion content has on the operation of the chloride
permeability machine. Specimens containing pozzolans were also
examined for chloride permeability after a cure of 180 days. It
was determined that the addition of pozzolans to concrete lowers
the chloride permeability as measured by the permeability
machine, Class F fly ash and silica fume in the concrete had a
major effect in lowering the chloride permeability in concrete as

measured by the permeability machine.



INTRODUCTION

In August of 1981 the Federal Highway Administration released a
report by David Whiting of the Construction Technology
Laboratories in Skokie, Illinois titled, FHWA/RD-81/119 “"Rapid
Determination of the Chloride Permeability of Concrete"{1). The
report promoted the concept of measuring the direct electric
current through a portiand cement concrete specimen between a
salt solution and a base solution to determine the chloride
permeability of p. ¢. concrete. Since that time, a number of
agencies and institutions have used this concept to study the
permeability of portland cement concrete and AASHTO has adopted
this procedure as a standard test, T 277-83 "Rapid Determination

of the Chloride Permeability of Concrete"(2).

A machine was built based on specifications stated in Whiting's
report in the Iowa D.O.T. Central Materials Lab to determine the
chloride permeability of concrete. Data is needed to properly
assess the viability and reliability of the Iowa D.0.T. lab built
machine in determining the chloride permeability of concrete
mixes. Research and data is also needed to analyze the effects
of different characteristics such as cement content, water/cement
ratieo, curing, and pozzolans has on the chloride permeability of

concrete.



OJBECTIVE

This study served two purposes. The first was to examine the
reiiability of the Iowa D.0.T. iab built chloride permeability

machine on three concrete mixes {B-4, C-4, and 0-4).

The second purpose was to analyze what effects different
characteristics such as pozzolans, chloride content, and curing

would have on the chloride permeability of a D-57 concrete mix.

SCOPE

For the first purpose, specimens of the B-4, C-4, and 0-4 mixes
were tested at 28 days for chioride permeability by the
permeability machine and for chloride ion content by the 90-day
salt ponding test (AASHTO T 259-80) (3) to determine if the
chloride permeability test correlates with the 90-day salt

ponding test.

For the second purpose, four concrete mixes were made, a D-57 mix
without any pozzolans as a control mix, a D-57-C mix containing
class C fly ash, a D-57-F mix containing class F fly ash, and a
D-57 mix made with condensed silica fume. The D-57-C and D-57-F
mixes were made with fly ashes conforming with ASTM C618.
Specimens of these mixes were tested for chloride permeability at

28 days and 180 days.



The chloride ion content was also determined by the 890-day salt

ponding test. Core specimens of each of the D-57 mixes were

taken from the salt ponding slabs after completion of the 90-day

salt ponding tests for chloride permeability testing to analyze

the effects the chloride ion content of concrete might have on

the chloride permeability test.

LABORATORY PROCEDURES

A. Materijals

The following materials were used in this study:

1.

Portiand Cement: Type I, the standard laboratory

blend of the eight portland cement sources commonly
available in Iowa, was used to prepare the concrete

specimens, Lab No., R-11-7-86.

Water: City of Ames

Air Entraining Agent: Ad-Aire, Naturalized vinsol

resin, Carter-Waters, single strength, Lab No.
ACA6-110,

Fine Aggregate: Mississippi River Sand, Cordova, IL,

Lab No. AAS6-201.

Coarse Aggregate: Martin Marietta Limestone,

Ft. Dodge, Lab No. AAC6-647,

Water Reducing Admixture (Used in 0-4): WRDA-82,

W. R. Grace and Co. Dosage rate 3 f1. 0z./100 1bs,.
of cement, Lab No. ACI6-36.



7. Superwater Reducing Admixture (Used in D-57 with

silica fume): Daracem 100, W. R. Grace and Co.
Dosage rate 14.0 fl. 0z./100 1bs. of cement.

8. Condensed Silica Fume {Used in D-57 with silica

fume): force 10,000, W. R. Grace and Co.
Dosage rate 1 gal./100 1bs. of cement.

9., Class C Fly Ash (self-cementing) (Used in D-57-C):

Ottumwa fly ash, Chillicothe, IA Lab No. ACF6-88.
10. Class F Fly Ash (non-cementing) (Used in D-57-F):

Clinton fly ash, Clinton, IA Lab No. ACF7-1.

Mixes

The following seven p.c.c. mixes were used in this study:

Mix Mix ) Cement Fly Ash Water/Cement
No. Type Lb/Yd.3 Lb./Yd.3 Ratio
1A B-4 492 - 0.538
2A c-4 624 - 0.429
3A 0-4 {overlay) 825 -— 0.340
1B D-57 (control) 709 - 0.389
2B D-57-C 603 104 0.366
3B D-57-F 603 133 0.365
4B D-57 with 709 39 0.343

Stlica Fume
The mix designs and properties of each mix are listed in

Table 1 of Appendix A,

Aggregate Gradations

Both coarse aggregate and fine aggregate gradations
compiied with current Iowa DOT Specifications.

-6 -



Procedure

90-Day Salt Ponding Test

For each mix, a 12" x 12" x 2" ponding slab was made. Each
slab was made and tested in accordance to the requirements
of AASHTO T 259-80, "Resistance of Concrete to Chloride Ion
Penetration"(3). After the procedures in AASHTO T 259-80
were completed, three holes were drilled in the slab. At
each hole, powdered concrete samples were taken at depths
of 1/16" to 1/2", 1/2" to 1", and 1" to 1-1/2" to determine
the chloride content by AASHTO T 260-84, "Sampling and
Testing for Total Ion in Concrete and Concrete Raw
Materials"(4). A four inch diameter core was also drilled

from each siab to test for rapid chloride permeability.

The Chloride Permeability Test

The procedure for the chioride permeability was in
accordance to AASHTO T 277-83. A 3" x 6" x 20" beam was
made for each mix. Four-inch diameter cores were drilled
from each beam and sawed to two-inch high specimens (see
figure 1). Each core was then transferred to a moisture
room and cured at a 100% humidity and at a temperature of
73 degrees F. +/- 3 degrees. After a designated period of
cure, the core was taken out of the moisture room and the
sides were coated with rapid setting epoxy. After the
epoxy dried the core was placed in a sealed desicator (see
figure 2). A vacuum pump was attached and allowed to

-7 -
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maintain vacuum for 3 hours. At 3 hours, {while the pump
was still running) de-aerated water was added to completely
cover the core. The vacuum was allowed to run another hour
and then the pump was shut off. After 18 hours +/- 1 hour,
the core was taken out of the desicator and attached on
each side fo an acrylic applied votage cell. In one cell,
a 3% sodium chloride (NaCl) solution was added and in the
other cell a 0.3 normal solution of sodium hydroxide

{NaOH) {(see figure 3). The cells were connected to the
permeability machine. The NaCl lead was connected to

the negative post on the machine and the NaOH lead was
connected to the positive post on the machine (see

figure 4). The machine was then turned on and set at 60
volts dc, The current in amperes was recorded every half-
hour and the temperature of each cell was recorded every
hour during the 6 hour test. The recorded values for
amperes were plotted verses the total time in seconds. A
smooth curve was drawn through the data, and the area
underneath the curve was integrated to give the total
number of coulombs {amps-sec.) for the core. The lower

the coulombs the Tower the chloride permeability of the

p.c. concrete.

The salt ponding tests and chloride permeability tests

were run at a temperature of 73 degrees +/- 3 degrees.
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Figure 3
Diagram of the applied voltage cell

Figure 4
The applied voltage test cells with concrete sample
connected to the chloride permeability machine

- 10 -



E.

Equipment

The lowa D.O.T. lab built chloride permeability machine
was made according to the specifications_in the FHWA's

report FHWA/RD-81/119, (see appendix D).

The applied voltage cells were milled from a 2" thick sheet

of acrylic plastic (see appendix D).
A triaxial compression chamber was used as a desicator.

The pump used to supply the vacuum was Cenco Hyvac 2

powered by a General Electric 1/4 hp. motor.

TEST RESULTS AND INTERPETATION

A.

90-Day Salt Ponding Test

The results of the chloride ion content from the 90 day
salt ponding tests are shown in figure 5. Ait depths
bhetween 1/16" and 1/2" the results were what was expected,
except that the B-4 mix had a lower chloride content than
the other mixes containing no pozzolans. The D-57 mixes
containing pozzolans showed a lower chloride ion content
than the D~57 mix without any pozzolans. The D-57 with
silica fume had the lowest chloride jon content. The two
mixes with fly ash, D-57-C and D-57-F, had relatively the

same chloride ion content.
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B.

At the depths between 1/2" and 1" the results were what was
as expected. The cement factor and water/cement ratio had
an effect on chloride content for the mixes containing no
pozzolans. The B-4 and C-4 mixes had higher chloride ion
contents than the 0-4 mix. Again, the D-57 mixes with
pozzoians showed a lower chioride ion content than the D-57

mix without pozzolans.

At depths between 1" and 1-1/2", only the B-4 mix showed
any significant chloride ion content. In the rest of the
mixes, the chloride ion content could be considered the

baseline chloride ion content.

28-~Day Chloride Permeability Test on 28-Day Standard Cure
Specimens

The results from the 28-day cure chloride permeability test

are on the bar graph in figure 6. For the mixes not
containing any pozzolans, the cement factor and water/
cement ratio affected the resuits. The B-4 mix had the
highest number of coulombs followed closely by the C-4
mix. The addition of pozzolans in the D-57 mixes Towered
the coulomb value as compared to the coulomb value of the
D-57 mix without pozzolans. The D-57 mix with silica fume
tested significantly lower than the other mixes. The 0-4

mix, D-57-C mix, and D-57~F had values close to each other,.

Figure 7 shows the relationship between the 28-day chloride

permeabijiity and the water/cement ratio.

- 13 -



Figure 6
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Chloride Content and Curing Effect on the Chloride

Permeability Test

The cores taken from the salt ponding slabs and tested for
chloride permeability showed very little effect from the
chloride ion content in the concrete. In a research paper
by David Whiting titled "In Situ Measurement of the
Permeability of Concrete to Chloride lons"(5), it was
stated that the chloride ion content up to 3.5% by weight
of the concrete had very 1ittle effect on the results on
the chlioride permeability test. It was determined that the
chloride ion content (0,420% maximum) of our salt ponding
specimens was not high enough to effect the rapid chloride

permeability test.

It appears ponding of the slabs actually helped in the
curing process. The coulomb value for each core was
actually lower than the results of the 28-day cure chloride
permeability test (shown in figure 8). Again the D-57 with
silica fume had a low coulomb value., The coulomb value of
the D~57-F specimen had a drop of more than 70 percent from

the 28-day cure results.

The chloride permeability results for the 180-day cure
specimens were very similar to the salt ponding cure
results. Again the D-57-F showed a large drop in coulomb
value from the 28-day cure results. The D-57 specimen was
inadvertently destroyed before chloride 180-day
permeability testing could be done.

- 16 -
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DISCUSSION OF RESULTS

A. Evaluation of the Chloride Permeability Machine

Except for the lower than expected chloride ion content of

the B-4 mix at depths between 1/16" and 1/2", the results

from the salt ponding tests and the 28-day cure chloride

permeability tests generally had a good correlation.

Figure 9 shows the correlation between the chloride ion

contents at depths between 1/2" and 1" and the 28-day cure

chloride permeability results.

Figure 9
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The coulomb values for each mix by the 28-day cure rapid
chloride permeability test fell into the ranges indicated
on table 1 in AASHTO 277-83 used to evaluate the results

{shown below).

NOTE 3: The terms in the mididic column of Table | arc not absolute. They are relative descripsions of the permeabiiiies of carcfuliy
prepared laboratory specimens. L

Table 1. Chioride Permeability Based on Charge Passed (from Reference 2)

Charge Passed : Chloride
{coulombs) Permeability Typical of
>4,000 High ' High water-cement ratio. conventional {20.6) PCC
2,000-4,000 Moderate ' -+ Moderale water-cement ratio. conventional (0.4-0.5) PCC
1,000-2,000 Low “ . 'Low water-cement ratio. conventiona! (<0.4) PCC
" 100-1,000 Very Low : Latex-modified concrete
: Internaliy scaied concrete
o <100 Negligible Polymer impregnaied concrese

Polymer concrete

*Whiting. D.. "Rapid Determination of the Chloride Permeability of Concrete.” Repont No. FHWA/RD-B1/119. August 1981, availzbie
from NTIS. PB Na. 82140724, ' : i

Effects of Pozzolans

Both the salt ponding chloride ion content results and
chloride permeability results indicate that the pozzolans
lowered the permeability of the portland cement concrete.
The D-57-C mix containing class C fly ash lowered the
permeability compared to the D-57 control mix by 40 percent
by the 28-day cure chloride permeability test and by 29
percent by the salt ponding test. The D-57-F mix con-
taining class F fly ash lowered permeability compared to

the D-57 control mix by 33 percent by the 28-day cure



chloride permeability test and by 31 percent by the salt
ponding test. The D-57 mix with silica fume lowered the
permeability compared to the D-57 control mix by 86 percent
by the 28-day cure chloride permeability test and by 69

percent by the salt ponding test,

The reason why pozzolans lower the permeability of portiand
cement concrete is stated by Robert F. M. Bakker in paper
titied "Permeability of Blended Cement Concretes"(6). The
pozzolanic activity of the fly ashes and the silica fume
produces acids of A1204'2 and Si03“2. These acids react
with surplus alkaline calcium hydroxide Ca{OH) (a solubie
precipitate) formed from the hydration process of the

portland cement between two Ca+2

clinker particles to form
calcium aluminate hydrate Ca4A1H13, calcium silicate
aluminate hydrate CazAisng, and calcium silicate CaSiH.
Ca4A1HI3, Ca2A1SiH8, and CaSiH form impermeable
precipitates between the portland cement particles and the

pozzolan particles. These impermeable precipitates decrease

the number of capillary pores in the concrete,.

Since the condensed silica fume contains over 85 percent
reactive silicon dioxide 5i0, and is a highly reactive
pozzolan, it is expected that it would significantly lower
the permeability of concrete based on the explaination

above.



At 28 days, the pozzolanic activity of both class F and
class C fly ash used in this study is relatively the same.
The permeability results from the 28-day cure chloride
permeability test indicated this. The class F fly ash
which contains more silicon dioxide Si0p and aluminum
trioxide Al,053 than the class C fly ash has probably a
higher pozzonlanic activity potential. The reaction of the
pozzonlanic activity of the class F fly ash is greater
after 28 days than the class C fly ash. This might be an
indication of why the permeability of the D-57-F concrete
dropped significantly between the 28 days and 180 days as
compared to the permeability difference in the D-57-C

concrete,

CONCLUSTONS

Based on the data gathered in this study, the following

conclusions are obtained:

The rapid determination of the chloride permeability of
concrete by the Iowa D.O0.T. lTaboratory built machine is a
valid method to determine the chloride permeability of

portiand cement concrete in the laboratory.

The 28-day curing time for the concrete specimens tested in
the chloride permeability machine appears to be an adequate
time period to obtain satisfactory results for most

concrete mixes. Concrete containing Class F fly ash caused

- 21 -



a8 significant drop in chloride permeability between 28

days and 180 days as measured by the permeability machine.

The addition of class C fly ash, class F fly ash, and
silica fume to a concrete mix lowers the chloride perme-
ability of concrete as measured by the permeability

machine,

RECOMMENDATIONS

1.

Consideration should be given to and including the chloride
permeability test as an lowa D.0.T. test method based on
the testing procedures listed in this study and in AASHTO T
277-83.

The machine should be modified to test two or more
specimens at the same time. This would be more efficient
and allow for averages to be made between specimens to

increase accuracy.

More study is needed to determine the concrete chloride ion
content that would affect the chloride permeability test

results.

An evaluation of chloride permeability of bridge decks and
bridge deck overlays containing different types of

pozzolans should be done,



Section 3.3 of AASHTO T277-83 states that care should be
taken when interpreting the chlioride permeability results
of surface-treated concrete. Limited testing should be
done to examine the effects of bridge deck sealers on the

chloride permeability test.

- 23 -
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Apperndix A

Table 1: Concrete Properties and Proportions of Mixes llsed



Table 1

Concrete Fropecties And Proporticons OF The P.C.C. Mixes Used For MLR-86—11
‘Rapid Determination OF The Permeabilty OF Portland
Cemert Concrete By ARSHTO T 2Y7-83°

Mix i Type of i Date Cemert [Fly AshiF. Agg. iC. Agg. ! WT  1SlumpiRir (Density |
iNo. i Mix | Mixed (LtbsYd3 (Lb/Yd3 ILbsYdE ILbsYedd Ratio | In. 1 X 1bs/FL3 |
iRy B4 1 1-Y-87 492 | —— G155Z.0 1155Z2.0 10.338 | 2.5 5.5 144.8 |
2R 0 L4 1 1-14-37) G224 | ———  11482.0 114932.5 10,428 1 2.5 6.2 144.0 |
30 O-4 1 1-21-871 825 1 —— 11399.0 11403.5 10.340 1 1.0 5.5 144.2 |
: P 0ver ey H H 4 : : : : : :
V1B DBy 11-ZE8-870 OB | —— 114268.0 11421.5 (0.389 | 2.0 186.2 | 143.6 |
28 1D-5v-0 1 Z2-4-87 | &3 | 104 11417.0 (1417.0 10.Ze0 @ 2.5 15.6 145.6 |
28 D5 r-F 1 2-11-871 o003 | 1833 11376.5 113ve.5 10,365 | 2.0 i5.1 4 143.6
B D57l 1 3-11-87 o2 F9 11397.0 11397.0 [0.343 | Z.5 5.5 1 14,4 |
: iGilica | ' : : ! ' i : : :
Motes:
1: 18 throe 48 are PCC with the following materials in common:

A: Cemernt — Std. Lab Blernd{1l0 producer=) Tup= I; Sp. Gr. — 3,14

B: Mater — Ames, la tap water

L Firnge FAgg. — Mississippi River Sand, Cordoua, IILARSG-201); Sp. B-. — Z2.67

D: Coarse fAgg.

— Martirm Marrietts,

Ft. Dodge,

IACRACS-547); Sp Gr.

- 2.67

E: Rir—Erntraining Agernt — Ad-Rire Single Strength vinsol resin(ACARS-1103
WRDA~82 water reducer{(RCIGC—362; Do
class O Ottumwa fly ash(ARCFS—-887 ;

Mix
Mix
Mix
Piisc
arcd

o, IR uses
ne. 2B uses
. 38 uses
. B uses
Daracem 100

Mixes ZB and 3B
Mixes 1R and 26

caorternt &.02 47—

P

class F Clirmton flyg askh{ARACF7-13;

For-ese 10000 corndernse silics Fume;

super water reducer;

the Ffly ash is
were corbtrolled to slump of 2ZU +/-

O.5%.

ineloded

Dos. 1d4o=. 210

- e

So=. /10010,

S5p. Gr. — £.99

Sp. Gr. — 2.40

of cemerth.

Do=s igzl. 100 1b. of cement

Oiks.

of Cement.

i the waterSocemernt ratio.

rno. 3A was corvbrolled to 8 maximum slump of 10
5.5% +F— 1.

Mixes 1B, 28,
ard am air conternt of &6.5%

38,

e

172"

and an air

armcd amn air comtermt of

ard 48 were corntrolled to a slump of 2Y +/— 172
1%.



Appendix B

Table 2: Coarse Agg. Gradations for the B-4, -4, D-57,
0~-57-C, D-57-F, and D-5%7 with Silica Fume Mixes

Table 3: The Coarse Aggregate Gradation for the 0-4 Mix



Tahle 2

The Coarse Aggregate Gradation for the B-4, C-4, D-57,
D-57—-F, and D-5%7 With Silica Fume

2ieve No. % Psg.
v 100
374" T7
1/2% 40
3/8" 12.0
No. 4 0.%
No. 8 G.3
Table 3

The coarse Aggregate Gradetion for the 0-4 Mix

Sieve No. % P3d.
1" 100
I/4n 100
1/2n 100
3/8" 83

No., 4 10.0

No. 8 8.5



Appendix (0
Table 4: Chloride lon Content Results
Table 5: 28 Day Cure Rapid Chloride Permeabhility Results

Table &: The Effects of Pozzolans and Curing



Table 4

.C. Mix

ach P.C

E

From The 90 Day Salt Ponding Test AASHTO T 259
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Table 5

100% Humidity

Chioride Permeability Determination of PCC By AASHTO T 277-83
From Cores That Were Cured At

And 73 Degrees +/- 3 Degrees For 28 Days

Chloride Perm.

Standard By
TASSHTO T 277-8

1
1
1
1

1 Coulombs
Amp—-Sec

‘Density
Vib/FE3

%

Air

Slump |
In !

i
]
i
H

W/C
Ratio

Mix

IMix! Type of

INo.

[
§

Modarate

B4

]
¥

Moderate

3120

-4

Mid-Range

L ow
Mid-Range

i
i
i
i
1
i
i
t
F
1

1545

B

I
[
1
i
1
i
|
1
¥
i
F
I
3
1
£
3
i
1

Moderate
Low-Range

Low

Mid-Range

L oyvw
Mid-Range

1D~BT7 /W
15i1ica

Very Low
Mid—-Range

.343

0

k
I
H
k

B



Table 6

Effects Of Pozzolans And Curimg On The Chioride Permeability Test
ASSHTOQ T 277-83 For D-57 Mixes
Coulombs (Amp—-5S5ec) For
Each Type Of Cure
Air iDensity! 28 Day |5alt Pond| 180 Davy

EMix ) Type of! W/C  'Slump '
Cure ! Cure ! Cure !

H

L
FNo.! Mix | Ratio | In. % ILb/Ft3 ! !
ol i R |~ e = } o | e |~ |
i L D57 1 0.389 | 2.0 1 6.2 | 143.6 | 2330 i 1340 ! - !
1 ! f i d ; i ; i H
fm—— | mmm————— it e § o e ———— e j e e I
128 1D-57-C | 0.366 | 2.5 ! 5.6 | l45K.6 | 1390 | 1280 | 1105
; | i ! ! | i i : i
j e ] e et e [ =——— fm e v e e § e o e e |
3R IR-57-F | 0.365 | 2.0 | &.1 | 143.6 | 1565 | 470 435 |
| ! ! i ! | | i : ]
s [ e o o e g e e | o e o e e v e f f—— |
4B D-5T7/W ) 0.343 F 2.5 | B.5 | 146.4 | 320 | 195 | 195 |
| isilica | ! ; ! ! | 1 '
Notes

l: The 28 day cure and 180 day cure core specimans were
cured in a moisture room at a 100% humidity and at 73
deg. +/- 3 deg.

Z2: The salt ponding cure specimans were cored from the stabs
wsed for the 90 day salt ponding test AASHTO T 259,

3: The speciman for the 180 day cure of mix no. 1B was in-—
advently destroyved before chloride permeability testing
could be done.



Appendix D
Procedures and Equipment Needed to Determine

the Rapid Chloride Permeability



Procedure

i.

Vigorously boll tapwater in a
targe {2 L) florence flask.
Cap tightly & short while
after removing from hotplate
and allow to cool overnight,
Allow specimen to surface dry
in air for 1 hour. Thoroughly
mix 5 grams of epoxy resin
with 5 grams of hardener and
brush onto sides of specimen
(placing specimen on a small
stud while applving coating
will help). Allow coating to

¢cure 3 hours at lab temperature.

Check coating for tack~Ffree
surface. Place specimen in

500 ml s.s. beaker, and place
beaker into vacuum degiccator.
Beal desicrcator and turn on
vacuum pump, - Vacuum should
reduce to less than 1 mm Hg
{1330 kPa} within a few
minutes. = Run pump for 3 hours.
P11l 500 ml separatory funnel
with de~aerated water, With
pump still running open stop-
cock and drain sufficient water
into stainless steel beaker to
cover sPécimen {do not allow
alr to eﬂter desiceator through
stopcock) .

Close stopcock and allow pump
to run for an additional hour.
Close desiceator sleeve, turn
off pump, allow air to

re—-enter desiccator.

brain eil from vacuum pump and
replace with fresh oil.

Allow epecimen to soak under
water for 17-19% hours
{overnight},

Step 4 - Testing of Specimen

Materials

1.

Silastic Rubber {(Dow Corning
3112 RTV +0.5% catalyst F).

3.

4.

Bguipment

1.

2.

Procedure

1.
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3.0% by weight sodium chloride
(Reagent grade) solution,

0.3 sodium hydroxide (pellets
- Reagent grade) seolution.
Paper discs - 3-in. diameter,

Applied Voltage Cell

(Figures 67 and 68).

4=1/2 digit DVM -~ 200.00 mv
full scale (¥luke Model 8600a
or eguivalent).

3~1/2 digit DyM - 99,9 v full
scale {(¥luke Model BO20A or
equivalent).

100 mv shunt resistor - 10 amp
rating (GE 50-140-034-MTAA).
D.C. constant voltage power
supply. O~80 Vdc 0-6 A
{Sorenson Model 80-6 or
equivalent).

No. 14 (1.6 mm) two conductor
insulated 600 V cable,
Miscellaneous electrical
components, hookup wire,
banana jacks.

Long stem plastic funnel,
Thermocouple wire and readout
device (Optional}.,

An electrical block diagram of
the eguipment is shown in
Figure'sg. All wires carrying
the current which passes
through the cell should be
No. 14 (1.6 mm) high voltage
cable. Wires leading to the
meters can he standard elec~
trical hookup wire.

Remove gpecimen from water,
blot off excess water,
transfer to sealed can,

Mix 20 grams of RTV rubber
with 0.1 gram of Catalyst F.
Place paper disc over one cell
screen; trowel RTV rubber over

secreen borders adjacent to

i




i

O
Cera

Skl
e e

L

s e

FIGURE 68. SPECIMEN READY FOR TEST.
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3% Digit DVM

YAl

OOV F.S. s NO, 14 Wire
—— Hookup Wire .

0 0
‘Power Supply | 4L Digit DVM
0-80V dc :

200 mv F S,

0 - 6A _ Q0 mv Shunt -

O ® - TR S I ? @

Y

-To 3.0% NaCl _ To 03N NaOH

FIGURE 69, ELECTRICAL BLOCK DIAGRAM.



Note:

8.~

Note:

10.

piastic cell. Carefully remove
paper disc.

Press specimen onte screen;
remove excess RTV rubber which
flows out of specimen/cell
boundary. Cover exposed face
of specimen with an impermeable
material such as solid rubber

sheeting, Place a rubber

‘stopper into cell vent-hole to

restrict moisture movement,
Allow 10 minutes for rubber to
cure,

Repeat Steps 3~4 on second
half of cell.
cure 10 minutes.

Fill left hand (-} side of
cell with 3.0% NaCl using a
Fill right
hand (+) side of cell with
0.3N NaOH.

Attach lead wires to cell

Allow rubber to

long~stem funnel.

banana posts., Turn on power
supply, set to &3.0 V, and
record initial current reading.
If a 4-1/2 digix DVM is used
in conmjunction with the 100 mv
shunt, the display can be read
directly in milliamps, disre-
garding the decimal point
(i.e., 0.01 mv equals

1 milliamp).

Read current every 30 minutes.
Monitor temperature inside of
cell if desired (thermocouple
¢an be run through 1/8-in.

(3 mm) venthole in top of
cell).

If temperature exceeds 150%
(BBDC), discontinue test in
order to aveid damage to cell.
Terminate test after & hours
has elapsed. _
Remove specimen. Rinse cell
thoroughly in running water:
strip out and dis¢ard residual
RTV rubber seal.
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Step 5 - Interpretation of Results

1.

Nate:

‘Note:

Construct a plot of current (in
amperes) vs. time (in seconds).
Draw a smooth curve through

the data, and integrate the
area underneath the curve in
order to obtain the ampere-
seconds, or coulombs, of

charge passed during the

g~hour test period,.

While conventional integration
techniques such as planimetry
or paper weighing can be used,
programmable hand-held calcula-
tors are now available which
can be used to numerically
integrate the plots,

Refer to Table 3% for evaluat-
ing the test results. These
parameters were developed from.
data on 3.75~in. (95 mm) diame-
ter x 2-in, {81 mm) long core
slices taken from laboratory
slabs prepared from various
types of concretes., They have
shown good correlations with
S0-day chloride ponding
results on-cbmpanion slabs
cast from the same concrete
mizes. .

The effects of such variables
as aggregate type and size,
cement‘cantept and composition,
density, and other factors
have not heen evaluated, We
recommend that persons using
this procedure prepare a set
of concretes from local mate-~
rials and use these to estab-
lish their own correlation
between charge passed and
known chloride permeability
for their cown particular mate-
rials. The values given in
Table I may be used as esti-
mates until more data has been



TABLE 35

APPLIED VOLTAGE TEST

Interpretation of Results

Chloride Charge Passed
Permeability (coulombs) Tvpe of Concrete
High 4,000 High water-cement ratios
(20.6)
Moderate 2,000~4,0G00 Moderate water~cement ratio
(0.4-0.5)
Low 1,000-2,000 Low water—cement ratios
"Towa" dense concrete
Very Low 160-1,000 Latex modified concrete
Internally sealed concrete
Negligible 100 Polymer impregnated concrete

developed by & number of
agencies on a wider range of
_ concretes. )
Notes on Cell Construgtion -~ Figure 70
1. Attachment of Lead Wire to Sdreen
Solder one end of the nylclad lead
wire to the outer edge of the brass shim
which holds the screen. The nylclad
insulation should be removed prior to

soldering by burning off with a propane
torch and then removing the charred
residue with wire wool, _
2. Attachment of Screen to Cell

The screen is bonded to the cell by

using & high quality waterproof adhesive
(Scotch "super—strength adhbesive” or
equivalent). Scour both the screen shim
and the cell lip with medium sandpaper
prior to applying adhesive in order to
obtain good metal to plastic bond. Apply
a coating of adhesive to both cell and
‘screen, run lead wire through 1/16~in.
(1.5 mm} hole inside of cell, then gently
push screen into place on cell lip. Wipe
excess adhesive off face side of screen
shim and place a weight on screen until
adhesive has fully cured (24 hours).
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Polymer concrete

3. Attachment of Lead Wire to Banana
Plug
Solder & 12-10~1/4 ring terminal
onto the bare end of the lead wire,

keeping excess wire length to a mini-
mum. Run the threaded end of the banana
pilug through the eyelet of the ring ter—
minal} then thread banana plug into the
1/4-28 threaded hole in the side of the
cell, tighten securely. Then £ill the
1/6~in. (1.5 mm) hole with clear silicone
rubber caulk (Dow Corning No. 732 or
equivalent).

4. Materials Quantities and Cost

Some materials may not be available
in the small quantities necessary to
construct a single cell. In these cases
package guantities have been guoted,.
Lucite sheet stock will probably need to
be pre-cut by the suppliers, "and the
buyer will need to pay cutting charges
unless he has another use for the full
stock width,
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Appendix E
AASHTO 277-83
Rapid Determination of the

Chioride Permesabhility of Concrete



Standard Method of Tésf | for' |
Rapnd Determmatwn of the Chlornde Permeabshty of Concrete .

AASHTO DESIGNATION T 277 83

1. SCOPE
1.1 This method covers the determination of the permeability of conventional portiand cement and -
specialized, e.g., latex-modified and polymer, concretes to chloride ions. It consists of monitoring the
amount of electrical current passed through 95 mm (3.75 in.) d:ameter by 51 mm (2 in.) long cores when one

+ end of the core is immersed in a sodium chloride solution and a potential difference of 60 V dc is maintained
across the specimen for 6 hours, The total charge passed, in coulombs, is related to chloride permeability.

2. APPLICABLE D-OCUMENTS.

2 1 AASHTO Standards: ' 2
T 24 Obtaining and Testing Drilled Cores and Sawcd Beams of Concrete
T 259 Resistance of Concrete to Chioride fon Penetration

3. SIGNIFICANCE AND USE

_ 3.1 This method covers the laboratory evaluauon of the relative permeability of concrete samples to
chioride ions. The test results have shown good correlation with the results of 90-day chioride ponding tests

(AASHTO T 259) on compamon siabs cast from the same concrete mixes.
3.2 The method is suitable for specification acceptance, design purposes, service evaluation, and

- research and development.

3.3 Care should be taken in interpreting résults of this test when it is used on surface-treated concretes
The results from this test on some such concretes show high chioride permeab:hnes while 90-day chloride

~ ponding tests on companion slabs show low permeabthuas
. 3.4 The method may be used on cores of diameters other than 95 mm (3.75 in.) and thicknesses other
~than 51 mm (2 in.). The values in Table | are not valid for any other size specimens, however, and no
rciatiﬂnships have been established to adjust the values in that table for other specimen sizes. Data for
- specimens of other sizes may be uscd for relative comparisons of chlonda penncabzhucs among spec:mens

. of the same size.

4. APPARATUS, REAGENTS, AND MATERIALS

4.1 Vacuum Saturation Apparatus (see Figure ). -
4.1.1 Separatory funnel — 500 ml capacity. e
4,1.2 Beaker — 1,000 mi e
4.1.3 Vacuum desiccator'-—250 mm 1.D.
4.1.4 Vacuum pump—capable of maintaining a pressure of less than | mm Hg (133 Pa) in dessicator.
. 4.1.5 Vacuum gage or manometer—-—accurale to = 0.5 mm Hg {"'66 Pa} over range 0- IO mm Hg
{0-13,30 Pa) pressure,
4.2 Epoxy Coating Apparatus and Ma:enals
4.2.1 Epoxy resin—rapid setting, capable of sealing side surface of concrete cores. '
4.2.2 Balance or scale, papcr cups, wooden spawlas, and dlsposable brushes-—for mlxmg and ap-
~ plying epoxy. - '
4.3 Specimen szmg Equipment
4.3.1 Movable bed diamond saw.
4.4 Voltage Application Apparatus, Reagents, and Materials '
- 4.4,1 Specimen-cell sealant—RTYV silicone rubber or silicone rubber caulking
4.4.2 Sodium chloride solution--3.0 percent by weight (reagent grade) in demineralized water.
4.4.3 Sodium hydroxide solution—0,3N, reagent grade.
4 4.4 Filier papers-—-No 2, 90 mm dmmeter

kN

‘Desnccamr must allow two hose ccmnecuons. through rubber stopper ami stecve or through rubber stopper oniy
Each connection must be eqmpped with a stopeock.
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-4.4.5 Digital voltmeter (DVM)—4Y2-digit, 200 mV full seale.

4.4.6 Digital voltmeter—3% digit, 99.9 V. full scale.

4.4.7 Shunt resistor—100 mV, 10 A rating.

4.4.8 Constant voltage power supplv—-m{} —~ 80'Vde 0~ 6 A, capable of holding vol:age constant at .
‘ 60 + 0.1 V over entire range of currents.

" 4.4.9 Cable—two conductor, No, 14 (1. émm). insulated, 600 V,

4.4,10 Funnel—plastic, long stem,

. 4.4.11 Applied voltage cell (see Figures 2 zmd 3. Append:x)
4. 4.12 Thermocouplc wire and readout dev:ce (optmnal)~—-0 120 C {30-250 F) range.

5. TES'I‘ SPECIME\!S

5 1 Obtam samp!es from lhe structure (o be eva!uated using a.core dn!hng rig equipped with a nominal
4-in (102 mm) diameter (3.75-in (95mm) actual 1.D.) diamond- dressed core bit. Select and core samples
. following procedures in AASH’I‘O Method T 24 P!ace the cores in a plastic bag for transport to the
- laboratory.

' 5.2 Using the dmmond saw, cut a 2-inch (51 mm) slice from the top of the core, with the cut parallei to
~ the top of the core. This slice will be the test specimen. Use a belt 5ander io remove any burrs.on the end of
the s;x:c:men o ‘ PR

i
o

6. CONDITIONING

6. 1 Vlgorouslv boil tapwater in a !arge (2L) ﬂorence ﬂask Remove ﬂask from heat, cap tuzhtiv .md
~_allow water to cool to ambient temperature,

6.2 Allow specimen prepared in Section 5 to surface dry in air for I hour. Prepare approxnmatel) IO g
of rapid setting epoxy and brush onto sides of specimen: Place sample ot sample~suppon stud while coating -
- to ensure compete coatmg of sides. Allow coating to cure per manufacturer’s instructions.

6.3 Check coating for tack-free surface. Place specimen in 1,000 mi beaker, then place bexker in
vacuum desiceator. Seal desiceator and start vacuuri pump. Pressure should decrease to less than ! mm Hg

© (1,330 kPa) within a few minutes. Maintain vacuum for 3 hours.

© 6.4 Fill 500 ml separatory funnel with de-aerated water. With vacuum pump stlil running open water
stopcock and drain sufficient water into beaker to cover specrmen (do not allow air to enter desnccawr
' through this stopcock). .
6.5 Close water stopcock and allow vacuum pump 1o run for ! addmona! hour.
6.6- Close vacuum line stopcock, then turn 6ff pump. Turn vacuum line stopcock to allow air to reemer
desiccator.
6.7 Sozk specimen under water i the beaker for 1$ = 1 hours,

) 7. PROCEDURE

7.1 Remove spemmen from water, blot off excess water. and transfer specimen to can and seai

. temporarily.

7.2 If using two-part spec:men-cei! sealant, prepare approumate!y 20 g
7.3 Place filter paper over one screen of the applied voltage cell; trowel sealant over brass :shtms
adjacent to cast acrylic cell body. Carefully remove filter paper. .,
7.4 Press specimen onto screen; remove excess sealant which has flowed out of specimen/celt bound-
_ ary. Cover e'cposed face of specimen with an impermeable material such as solid rubber sheeting. Place
rubber stopper in cell vent-ho!e to restrict moisture movement. Allow sealant to cufe per manufacturer’s
instructions,
7.5 Repeat steps 7. 3 and 7 4 on second haif of ceil. (Specimen in applied voltage cell now appears as
shown in Figure 4.)
- 1.6 Usmg the long stem funnel., fill !ef: hand ( —) side of cefi i.e., the side containing the top surface
of the speciinen, with 3.0 percent NaCl solution. Fill right hand (+) sade of cell with 0.3N NaOH soclution. .
' 7.7 Attach lead wires to cefl banana posts. Make electrical connections as shown in Figure 5. Tumn
power supply on, set to 60.0 = 0.1 V, and record initial current reading (When the 4%-digit DVM
specified in Section 4.4.5 is used with the 100 'mV shunt, the DVM display can be read d:rectly in milliamps
dlsregardmg the decimal point, i.e., 0.0l mV equals 1 milliamp.).

SR
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7.8 Read and record current’ every 30 minwtes, Monuur temperature inside of cell if desired (ther-
mocouple can bc installed through ‘A in. (3 mm) vemho!e in top of cclh).

NOTE §: If temperature exceeds 190 F (88 C). discontinue test in order to avoid damage to cell. Such temperatures generally occur only for
high permeabilily concretes and for specimens thinner than 51 mm (2 in.).

1.9 Terminate test after 6 hours. ' .
7. 10 Remove specimen. Rmse cell 1homuch}3 in tapwcucr. strip out and discard residual sealanl

*

8. CALCULATION AND INTERPRE'_I‘ATION OF RESULTS

8.1 Plot current {in amperes) vs. time (in seconds). Draw a smooth curve through the data, and
. integrate the area undemeath the curve in order to obmm the ampere- aeconds. or coulombs, of charge passed
. durmg the 6-hour test period. '

'NOTE 2: While conventional § mlcgmuun lechmqnes such as planimetry or paper weighing can bc used, programmable hand-held calculators
_which are now available can be used to numerically imegrate the plots, :

- 8.2 Use Table I to evaluate lhe test results. These vaiues were developed from data on 3 75-in. (95
mm) diameter X 2-in. (51 mm) long core shces taken from laboratory slabs prepared from various types of

o concretes

iy

- NOTE 3: The terms in the middle column of Table 1 arc not abschue They ure relative dcscnptmns of the permeailitics of caztfuny
pn:pared laborawry spec:mens B

“Fabile 1. Chlonde Permeab:llty Based on Charge Passed (from Reference 2)

Charge Passed o Chionde o S
{coulombs) _ Perme;zbtiny o o Typ:cai of o
S >4000 : High - Hwh water-cement ratio, conventional (20.6) PCC
-, 2,000-4,000 Moderate ‘ Moderate water-cement ratio, conventional (9.4-0.5) PCC
* 1,000-2,000 Low Low water-cement ratio, conventional {<(.4) PCC
100-1,000 Very Low Latex-modified concrete
‘ . o internally sealed concrete
<100 - Negligible Polymer impregnated concrete

Polymer concrete

. *Whiting. D.. *Rapid Determination of the Chlortde Permeability of Concrete,”” Report No. FRWA/RD-81/119. August 1951, avaitable
from NTIS, PB No. 82140724, ' . _

9. REPORT

9.1 The report shall include the following:

~ 9,1.1 Source of core, in terms of the structuré and the particular location in the structure from which
the core was obtained.

9.1.2 Identification number of core and specimen.

9.1.3 Location of specimen within core.
, 9.1.4 Type of concrete, mc!udmg bmder type. water-cement ratio, and other relevam data supp!aed

with cores,

9.1.5 Description of specimen, mc]udmg pn:sence and Iocauon of remforcmg stee:l presence and
thickness of overlay, and presence and thickness of surface treatment,

9.1.6 Unusual specimen preparation, e.g., removal of surface treatient.

9.1.7 Test results, reported as the total charge passed over the test period and the maxxmum cufrent
recorded during the test period.

9.1.8 The chloride penneab:lny equivalent to the calculated charce passed (from Table 1).

1.0._ PRECISI_ON

The following criterion should be used for judging the acceptability of results (95 percent probability).
- 10.1 Test results by the same operator on duplicate specimens ftom the same concrete should not be
- considered suspect unless they differ by more than 19.5 percent. E
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APPEND!‘(—»-NOTES ON APPLIED VOLTAGE CELL CONSTRUCTION
' (REFER TO FIGURE 3).

1 ATTACHMENT OF LEAD WIRE TO SCREEN

Solder one end of the nylclad lead wire to the outer edge of the brass shim ‘which holds the screen. The
nylciad insulation should be removed prior to soldering by burnmg off w;th a pmpane torch and then
removing the charred res1due with wire wool. :

2. ATTACHMENT OF SCREEN TO CELL

_ The screen is bonded to the cell by using a high quality waterproof adhesive, Scour both the screen shim

and the cell lip with medium sandpaper prior to applying adhesive in order to obtain good metal to plastic

. bond. Apply a coating of adhesive to both cell and screen, run lead wire through Vis in. (1.5 mm) hole inside

- .of cell, then gently push screen into place on ceil lip. Wipe excess adhesive off faces:de of screen shim and
g place a weight on screen until adheswe has fully cured (24 hours).

3. ATTACHMENT OF LEAD WIRE TO BANANA PLUG

Solder a 12-10% ring terminal onto the bare end of the lead wire, keepmﬂ excess wire length to a
minimum. Run the threaded end of the banana plug through the eyelet of the ring terminal, then thread
banana plug into the Y-28 threaded hole in the side of the cel! tighten secure!y Then fill the Vis in. (1.5
mm) hole wnth clear silicone rubber cauik. :

s 4 MATERIALS QUANTITIES AND COST
Some materials may not be available in the smali quantmes necessary to construct a single cell. In these

cases package quantities have been quoted. Cast acrylic sheet stock will probably need 1o be precut by the
suppliers, and the buyer will need to pay cutting charges unless he has another use for the full stock width.
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FIGURE 1  VACUUM SATURATION APPARATUS.

2" Two unlts req'd.
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Y -28 NE ) 7T i
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N b L :’Q: Glue joln screen
h ! il L~ unlt to cell
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ye?'rjﬂzna‘lo ) | ; mm=in, x 25.4
I
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! ! Mash soldersd
b eeewip |7 between shims
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[ 5 & 3 _:J: 48 OF WATERIALS - PER CELL (fwp Unite]
MATEM1 AL SIZE AMOUNT
e ———— ————— PMMA® Sheet | 21n thick [FELR A
; . v ! \ 1- AR D T WATMTT
s k3 Lacdwirs - Copper § Ho I4 sotld-nylsiad | 12 In,
i o O/ 1 Banagna Plug Glant ¥Yadn male plug| 2
) L ~ T o7 mingl 1210 - a4 2z
A #—Mvu-----—-------h-—_-----u»vu-v—"ﬂ”‘"“;wp: .
Solder no. 14 wire Poly Methyl Methacrylate, g, Plexiglas, Lucite
to bross shim
FIGURE 3 APPLIED VOLTAGE CELL ({CONSTRUCTION DRAWING).
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FIGURE 4 SPECIMEN READY FOR | TEST.
3% Digit DVM
100V F. S, No.i4 Wire
Hookup Wire
o Q
Power Supply ‘4—‘2- Digit DVM
0-80V de¢
0 - 8A {00 mv  Shunt 200 my RS
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To 3.0% NaCl

FIGURE 5

To 03N NaOH

ELECTRICAL BLOCK DIAGRAM.
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