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FOREWORD

This report presents recommended methods for sampling and testing
for both total and water-soluble chloride ion in hardened concrete.
Alternate procedures for sampling the hardened concrete with either
a core drill or a rotary impact drill are included. Two alternate
methods of chemical analysis are presented, a potentiometric titra­
tion method and a significantly more rapid method employing the
Gran endpoint determination procedure. Both methods are compatible
with either chloride or silver ion-selective electrodes.

This report is being distributed in sufficient numbers to provide a
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PREFACE

One of the most severe problems facing the highway community is ch1oride­
induced reinforcing steel corrosion and the suhsequent deterioration of
concrete bridge decks and marine structures. The Federal Highvlay
Administration, Offices of Research and Development, consider the develop­
ment of methods for the elimination of bridge deck deterioration as one
of their highest priority efforts. The problems and the approach to
solution of the problems are defined in Project 4B of the Federally
Coordinated Program of Research and Development in High,~ay Transportation
under the ti t1e, "E1 iminate Premature Deterioration of Portland Cement
Concrete. II

The authors wish to acknowledge the valuah1e technical assistance of
r1essrs. Ernest F. Bailey and Douglas D. SifT1T1ons who performed the chemical
analyses for Part IV of this report and contrihuted greatly to the formulation
of the procedures contained in Parts II and III.

iii



I. INTRODUCTION

During the past several years, the Federal Highway Administration has
devoted considerable effort to solving the severe prohlem of bridge deck
damage caused by chloride ion-induced reinforcing steel corrosion
(principally as a result of the increasing use of deicing salts).

One of the main areas of investigation has dealt vlith development of an
accurate, reliahle rrethod for determining the chloride ion concentration
of hardened portland cement concrete (PCe). Such a method is essential
in assessing the need and magnitude of maintenance on existing bridge
decks, as vlell as assuring that materials used in nel',' construction do not
contain potentially harmful chloride ion levels.

Such an analytical rrethod was developed by Bemanl and presented in
procedural form by Clear2 in 1974. In the interim this method, ,"hich
involves dissolution of the PCC by nitric acid and supsequent potentio­
metric titration of the chloride ion with standard silver nitrate solution,
has received vlide dissemination by FHHA and is in use by many State
highway ofganizations.

This report contains a complete revision of this original method. This
revision was necessitated by two factors. First, continual and large­
scale use of the method in the laboratories of FHHA's r-1aterials Division
uncovered a number of points in the original method which required elahora­
tion or clarification. Second, a I1..lmber of ne"1 techniques were tried and
proven which have considerably simplified the method and significantly
reduced the analysis time per sample.

The major change in the method given here is the inclusion of the
alternate Gran endpoint determination procedure in addition to the
original potentiometric titration procedure. The original application of
the Gran ~rocedure to this analysis was made ~v Clemena, Reynolds and
I'lcComi ck3• Extensi ve laboratory v!ork hy FHWA confirmed the results
of the Virginia study, viz., that the Gran procedure applied to this
analysis results in a considerable savings in time and lahor per
determination with no significant change in accuracy and precision
frOM the more laborious original method. The Gran endpoint determina­
tion procedure as well as the original method is COMpatible with both
chloride ion and silver ion-selective electrodes, and the methods here
allovi the use of either of these electrodes. Also, besides an analysis
of total chloride, a procedure is included here to determine the
concentration of ",ater-soluble chloride ion in a sample. Finally, the
revision provides detailed alternate procedures for sampling of the
concrete.

Part II of this report contains the complete sampling and testing
method for determination of total chloride ion content; the original
potentiometric titration procedure is designated as alternate method I
\'1hile the Gran plot determination procedure is contained in alternate
method II. Part III contains the sampling and testing method for
water-soluble chloride ion content. Finally, Part IV contains short
discussions of the accuracy and repeatability of the methods, the precision
betl'leen alternate methods I and II, and some data on the measured level
of water-soluble chloride ion in typical concrete samples.



I I • STANDARD r1ETHnn OF
SM1PLI NG AND TEST! NG FOR TOTAL

D1LORIDE If'N IN CONCRETE

1. Scope

1.1 This method covers a procedure for the deterMination of the total
chloride ion content of aggregates. portland ceMent. mortar or concrete.
The method is limited to materials that do not contain sulfides. but
the extraction procedure. paragraphs 5.1 thru 5.6. may be used for all
such materials.

2. Arparatus

2.1 Samp1 es may be ob tai ned by one of b,1O methods. 2.1.1 or 2.1.2.

2.1.1 Core drill

2.1.2 Rotary impact type drill with a depth indicator and drill or
pulverizing hits of sufficient diameter to provide a representative
sample of sufficient size for testing.

2.1.2.1 Sample containers caparle of maintnining the saMple
in an uncontaminated ~tate.

2.1.2.2 Spoons of adequate 5ize to collect the sample from the
drilled holes.

2.1.2.3 A "b1o", out" bu1h or other suitahle means of rer10ving
excess pulverized material from the hole prior to re­
drilling operations.

2.1.2.4 A pachometer capan1e of determining the location and
depth of steel reinforcement to ~ 1/8 inch (+ 3mm).

2.2 Testing

2.2.1 Chloride-ion or silver/sulfide ion-selective electrode and
manufacturer-recommended filling solutions.

Note: Suggested electrodes are the Orion 96-17 Comhination
Chloride Electrode or the Orion 94-6 Silver/Sulfide
Electrode or equivalents. The Silver/Sulfide electrode
requires use of an appropriate reference electrode (Orion
90-02 or equivalent).

2.2.2 A millivoltmeter comratih1e "lith the ion electrode.

Note: Suggested millivoltmeter is the Orion ~1ode1 lOlA Digital
pH/mv meter or ~uivalent.
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3.3

3.4

2.2.3 t'lagnetic stirrer and teflon stirring bars.

2.2.4 Burette with 0.1 m1 graduations.

2.2.5 Balance sensitive to 0.0001 gram with minimum capacity of 100
grams.

2.2.6 Balance sensitive to 0.1 gram with minimum capacity of 1 Kg.

2.2.7 Hot plate, 2500 to 4000 C heating surface temperature.

2.2.8 Glassware - 100 and 250 m1 beakers, filter funnels, stirring
rods, "/atch glasses, dropper; mortar and pestle; Nash bottles.

2.2.9 Sieve, U.S. Standard 50 mesh.

2.2.10 Whatman No. 40 and No. 41 filter papers (or equivalent).

Note: Filter papers should he checked to confirm they do
not contain chloride which will contaminate the sample. If
chloride is detected, the papers should be washed with nitric
acid and distilled water until no chloride ion is detected.

3. Reagents

3.1 Concentrated Htl03 (sp. gr. 1.42).

3.2 Sodium chloride, Na(l, reagent grade (primary standard).

Standard 0.0100 ~ NaC1 solution. Dry reagent grade NaC1 in an oven
at 105 C. Cool, in a dessicator, weigh out 0.5844 grams, dissolve
in distilled H20, and transfer to a 1-1iter volumetric flask. Make
up to the mark "lith distilled H20 and mix.

Standard 0.01 N AgN03• Weigh 1.7 grams of reagent grade AgN03,
dissolve in distil1ea H20, filter into a l-1iter brown glass Dottle,
fill, and mix thoroughly. Standardize against 25.00 ml of the
NaC1 solution by the titration method given in paragraph 5.7.

3.5 Oisti lled \'Iater.

3.6 f1ethy1 orange indicator.

3.7 Ethyl alcohol, technical grade.

4. t1ethod of Samp1 ing

4.1 Determine the depth within the concrete for which the chloride content
is desired. Use the pachometer to determine reinforcement bar location
and depth. Use of the pachometer is described in references Sa
and Sb.
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4.2 Core ~1ethod - Drill the core to chosen depth and retrieve.

4.2.1 When samples are received in the laboratory in other than
pulverized condition, the sample shall be crushed and ground to
a pO\'fder. All sa\'fing or crushing shall be done dry (i.e. without
\·fater). All material shall pass a number 50 mesh sieve. All
pulverizing tools and sieves shall be "lashed with ethyl alcohol
or distilled water and shall be dry before use \'Iith each
separate sample (see note para. 4.3.7).

4.3 Pulverizing Hethod

4.3.1 Set the rotary hafTlller depth indicator so that it vlill drill to
1/4 inch (6 mm) ahove the desired depth.

4.3.2 fJsing a drill or pulverizing hit, drill until the depth
indicator seats itself on the concrete surface.

4.3.3 Thoroughly clean the drilled hole and surrounding area utilizing
the IIblo\'/ out ll bulb or other suitahle means.

4.3.4 Reset the depth indicator to permit 1/2 inch (13 mm) additional
dri 11 ing.

4.3.5 Pulverize the concrete until the depth indicator again seats
itself on the concrete.

Note: Care rust be exercised during this pulverizing operation
to prevent the drill bit from abrading concrete from the
sides of the hole above the sampling depth. To prevent
this, some users utilize an 0.25 inch (6mn) smaller
diameter bit in this step than that used in para. 4.3.2.

4.3.6 Collect at least 10 grams of the material remaining in the hole
using a spoon and place in the sample container.

4.3.7 If the sample, as collected, does not completely pass a 50 mesh
screen, additional pu1verizinq shall be performed until the
entire sample is finer than 50 mesh.

note: During sample collection and rulverizing, rersonne1 shall
use caution to prevent contact of the sample with hands,
or other sources of body perspiration or contamination.
Further, all sampling tools (drill hits, spoons, bottles,
sieves, etc.) shall be washed with ethyl alcohol or
distilled \'Iater and shall be dry prior to use on each
separate sample. Ethyl alcohol is normally preferred
for "lashi ng because of the rapi d drying ",hich naturally
occurs.

5. Procedure

5.1 IJeigh to the nearest milligram a 3 gram povldered sample representative
of the material under test.
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Note: Some users dry the sample to constant weight in a lOSct oven and
determine the dry sample weight prior to analysis. This
optional procedure provides a constant base for comparison of
all results by eliminating moisture content as a variable. It
is generally believed that drying is only necessary when very
high accuracy is desired (see Reference 2 for data in this area).

Note: Running of blank determinations is recommended to allow
correction for any extraneous sources of chloride ion.
Hov,ever, such corrections should be extremely small; large
blank corrections indicate sources of contamination which
should be eliminated.

Transfer t~e sample quantitatively to a mortar; add 10 ml of hot
(90 0to 100 C) distilled H a to the roortar, s\'rirl ing to bring the
powder into suspension. Carefully grind the slurry \'lith a pestle until
all lumps are gone. Very little grinding \·,i11 be necessary for soft
aggregates, hut considerable effort vfill be reouired for samples contain­
ing hard aggregates.

Note: Sample particle size after grinding should be such that it will
pass a 100 mesh screen. further, about 75 percent of a properly
ground sample \-,i11 pass a 200 mesh screen. It is sU0gested that
the analyst grind several trial samples, in accordance with the
above procedure and then dry the samples and determine the
particle size as a means of defining the grinding re~uired for
actua1 samples.

5.2 Transfer the slurry quantitatively from the MOrtar through a funnel into
a 100 ml beaker, rinsing the funnel lightly with hot distilled ~O.

Add 3 ml concentrated HN0 3 to the mortar and stir \'/ith the pestle to
completely dissolve any cement left in the mortar. Transfer the contents
of the mortar through the funnel while continuously stirring the beaker
with a glass stirring rod. Rinse the mortar, pestle, inside of the funnel
and the tip of the funnel \'lith hot distilled H20.

Note: Too rapid transfer of the acid into the 100 ml beaker \·';11 cause
excessive foaming or frothing of samples \'lith calcareous aggregates
or organic components and resultant risk of sample loss.

5.3 !1ake up the solution in the 100 ml beaker to approximately 50 ml
with hot distilled H20. Stir thoroughly to ensure complete sample
digestion. Add five drops of methyl orange indicator and stir. If
yellow to yellow-orange color appears, the solution is not sufficiently
acidic. Add additional concentrated HN0 3 dropvrise \'lith continuous
stirring until a faint pink or red color persists in the solution.
Cover with a \'latch glass, retaining the stirring rod in the beaker.

Note: Due to the presence of relatively insoluble materials in the
sample, the solution generally will have a strong gray color,
making the detection of the indicator color difficult at times.
Running of several trial samples is suggested to give the analyst
practice in detecting the indicator color.

5



5.4 Bring the solution in the covered 100 ml beaker to a boil on a medium
heat (250°to 400 0C) hot plate, and then boil for a full minute with
care to avoid frothing and spillovers. R~ove from heat.

Note: The analysis can be stopped at this point and the sample allowed
to cool in an Hel fume-free area if it is necessary. Before
proceeding to the next step, however, the solution must again be
brought to a boil.

5.5 Prepare a funnel fitted "lith double filter paper (HhatMan No. 41 over
No. 40 filter paper or equivalents) and a 250 ml beaker to receive the
filtrate. Carefully lift the ''latch glass from the 100 ml heaker, 1'lithout
tilting it, and wash any adhering drops into the filter paper with hot
distilled water. Then filter the hot solution into the 250 ml beaker.
Proceed carefully, employing the stirring rod to aid ~uantitative transfer
of the solution into the fil ter funnel. Hash the inside of the 100 ml
beaker and the stirring rod tNice vlith hot distillerl H20. Transfer the
",ashings through the filter into the 250 ml beaker. Flnally, carefully
"rash the outside of the [Jouring lip of th~ 100 ml beaker with hot
distilled H20 into the filter.

5.6 \~ash the filter paper five to ten times ,·lith hot distilled H20, being
careful not to lift the paper a\'fay from the funnel surface. Finally,
lift the filter paper carefully frOM the funnel and wash the outside
surface of the paper with hot distilled H20; then \flash the tir of the
funnel. The final volume of the filtered solution should be 125 to
150 ml. Cover "lith a \!latch glass and all 0'" to cool to room temperature
in an Hel fume-free atmosphere.

5.7 T\,K) alternate fTlethods are available to detemine the C'- content of the
solution. Both methods utilize an ion-selective electrode (Cl- or Ag+)
and both methods for the purpose of this analysis give results of
essentially equal accuracy and precision. However, r'ethod II offers
a substantial decrease in time required for analysis over t~ethod .I.

5.7.1 Alternate t'1ethod I: Potentiometric Titration

Fill the C'- or the I\g+ electrode lttith the solution(s) recommended
by the rmnufacturer, plug it into the millivoltneter (preferably
the type with a digital rather than a dial readout), and determine
the approximate equivalence point by immersing the electrode
in a beaker of distilled H20. Note the approximate millivolt­
meter reading (,·,hich ma." he unsteady in H20).

Take the cooled sample beaker from 5.6 and carefully add 4.00 ml of
0.01 N NaCl, swirling gently. Remove the beaker of distilled H2n.
from the electrode, wipe the electrode with absorhent paper,
and immerse the electrode in the sample solution. Place the
entire beaker-electrode assembly on a magnetic stirrer and begin
gentle stirring.

Using a calibrated buret, add gradually and record the amount of
standard 0.01 N AgN03 solution necessary to bring the millivolt­
meter reading to - 40 mv of the equivalence point determined in

6



distilled HtJ. Then add standard O.OlN /l,~N0::l solution in 0.10 m1
increments recording the millivoltmeter readfng after each
add ition.

As the equivalence point is approached, the e~ua1 additions of
A0N03 solution will cause larger and larger changes in the milli­
voltmeter reading. Past the equivalence Doint, the changes per
unit volume will again decrease. Continue the titration until
the millivoltmeter reading is at least 40 mv rast the approximate
equivalence point.

The endpoint of the titration usually is near the approximate
equivalence point in dic;tilled ,,'ater and mav be determined l1y
(1) plotting the volume of f\.C1t!03 solution added versus the
mi 11 ivo1tmeter read ings. The endl')oi nt \'Ii 11 corresrond to the
roint of inflection of the resultant smooth curve, or (2)
calculating the differences in millivoltmeter readinfJs bebreen
successive AgN0 3 additions and calculating the total volume of
AgN0 3 \,ltlich corresponds \,iith each difference (i.e., the midpoints
between successive additions).

Titrant
~1idpoints

Example: Raw nata
Titrant Millivolt
Volume Reading

Differences
r~illivolt

nifferences

4.2 m1
4.3 m1
4.4 ml
4.5 ml
etc.

130.()
135.0
142.0
152.0

4.25 ml
4.35 ml
4.45 ml

etc.

5.0
7.0

10.0

The endpoint will he near the midpoint which produced the
largest change in mi1livoltneter reading. It may be determined
by plotting midpoints versus differences and defining the AgN0 3
volume vlhich corresponds to the rraximum difference on a smooth,
symmetr i ca1 curve drawn throuqh the poi nts • HOVlever, it ca n
usually be estimated accurately vrithout plotting the curve by
choosing the midpoint which corresponds to the maximum difference
and adjusting for asymmetry, if any. In other "'Jords, if the
differences on each side of the largest difference are not
symmetrical, adjust the endpoint mathematically in the direction
of t~e larger differences. Detailed examples of this adjustment
are presented in Figures 1 and 2; further discussion is
contained in Reference 2.

5.7.2 Alternate r'1ethod II: Gran Plot nethod

This method is compatible ~Iith either a Cl- or I\g+ ion-selective
electrode. Attach the electrode of choice to a compatible digital
millivoltmeter after filling with reouired solutions as per the
electrode manufacturer's instructions. Clean the electrode with
distilled H20 and pat dry with absorhent paper.
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Ml. AgN03 Reading Difference
added mv. mv.

0.0 36.1
10.8

5.0 46.9
8.6

8.0 55.5
12.2

11.0 67.7
12.4

13.0 80.1
9.0

14.0 89.1
6.3

14.5 95.4
7.7

15.0 103.1
11.8

15.5 114.9
6.2

15.7 121.1
8.7

15.9 129.8
5.1

16.0 134.9
6.9

16.1 141.8
SYMMETRICAL8.2

16.2 150.0 REGION

1O.5~16.3 160.5
16.35 12.0-

16.4 END 172.5

POINT
10.7

16.5 183.2
8.9

16.6 192.1
6.8

16.7 198.9
5.6

16.8 204.5

Figure 1. A typical symmetrical chloride titration.
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Symmetrical, 2 High Differences Unsymmetrical, small skew

m!. AgN03 Reading Diff. m!. AgN03 Reading Diff.
added mv. mv. added mv. rov.

25.2 146.7 11.8 140.8
7.8 9.8

25.3 154.5 11.9 150.6
8.9 12.3

25.4 163.4 12.0 162.9

10.8J

~-25.5 174.2 -12.1 177 .5
10.8 14.0

25.6 185.0 12.2 191.5
8.5....J 10.1

25.7 193.5 12.3 201.6
7.5 8.0

25.8 201.0 12.4 209.6

ENDPOINT = 25.50
6.1

12.5 215.7

ENDPOINT = 12.09

Unsymmetrical, half-way skew Unsymmetrical, large skew

m!. AgN03 Reading Diff. m!. AgN03 Reading Diff.
added mv. mv. added rov. mv.

14.1 138.0 7.1 139.1
8.0 7.3

14.2 146.0 7.2 146.4
9.4 9.7

14.3 155.4 7.3 156.1
12.4 ] 11.3J14.45 4.4 167.8 14.40 7.4 167.4 L 12 • 1

7.45
- .02 12.3 t .02 -.02

14.43
14.5 180.1 14.42 7.5 179.5 7.431l.0 10 5
14.6 191.1 , 7.6 190.0

8.1 8.0
14.7 199.9 7.7 198.0

6.0 6.4
14.8 205.9 7.8 204.4

ENDPOINT 5.0
7.9 209.4

AVERAGE = 14.425 ENDPOINT :: 7.43

Figure 2. Other types of endpoint regions.
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I'leigh the cooled sampl e and beaker from 5.6 vii thout the "latch
glass and record the ,·!eight. 'Ising i:t calihrated huret, titrate
the sample to 225 ~v + 5 mv (()- electrode) or 310 +
5 mv (Ag+ electrode) "lith standard O.OlN Aq~'()3 solution. Pecord
the volume added and the rnillivoltrleter reading.

Continue to titrate in 0.50 ml increments recording the volume
added and the millivoltMeter reading ~or each increment. Add and
record the data for at least five increments. Empty, clean, dry
and \'leigh the beal<er. Subtract heaker vJeiqht fron heaker + solution
weight determined ahove to define solution \'/eig'lt.

Additional information on the Gran r"ethocl is given in ~eference 3.

6. Calculations

6.1 Alternate r~ethod I - Potentiometric Titration

Detemine
b~' ei ther
Calculate

the endpoint of the
plotting a curve or
the percent Cl- ion( V,lI,

%Cl-= 3.5453 (.I

titration as descriopr, in ~ara. S.7.1
estimatinQ from the numerical data.
from the eOlIa ti on:
- 'f2 rl2 )

"Ihere "1 = endpoint in ml \/2 = '.'olume of NaCl solution arlded, in ml
f'll = nornality of /\g1-l03 N2 = Normality of ;lar.l Solution
\'1 = Heiqht of original concrete sample in grams

6.2 Alternate r1ethod II - Gran Plot nethod

Calculate corrected values
5.7.2 by the equation:

\f
correct =

for each of the \fO1umes recorded in

Vrecord
W100

Where W= original solution weight in grams
V record = Volumes recorded in ml

If any of the \l correct values are greater than 10, see para. 6.3.
If less than 10, plot these corrected values versus the correspondinq
millivolt readings on Orion Gran Plot Paper (10 percent volume
corrected type with each major vertical scale oivision equal to 5 milli­
volts) or equivalent. Draw the best straight line through the points
and read the endpoint at the intersection of the line ,·lith the horizontal
axis of the graph. Calculate the actual endpoint by the equation:

H
Ea ' ACTUAL ENDPOINT = Eq l~O

",here Eg= Endpoi nt determined from graph in rnl
H = Weight of solution in grams

10



Then % Cl = 3.5453 EaN
"I'c

\tJhere fa = Actual endpoint, in m1; N = Normality of Ag~:03 solution and
Wc = Concrete sample ~eight in grams

I
I

6.3 Supplementary Gran i1ethod Calculations:

l,fhen the V correct volumes determined in 6.2 are qreater than 10,
discard the values and follow the follol-ring procedure.

Choose a constant I'Ihich, I'!hen suhtracted from all V record volumes,
yields values less than 10 ml.

Note: This constant, designated as X in the formulas below, is
normally assigned an even value such as 5, 10, 15, 20, etc.

Calculate a revised solution Vleiqht vi asr

'Ar = I" + X

where \'I = original solution "leiqht in grams
X = the constant

Then calculate corrected volumes for each recorded volume as:

Vcorrect = V record - X
Hr/100

Plot these values and determine the graph endpoint F~ as described
in para. 6.2. The actual endpoint, F-a is then:

\1
E = E (mo) + X
a 9

\'/here Ea = actual endpoint in m1

Eg = endpoint from graph in m1

Wr = revised solution weiqht in grams

X = the constant chosen above.

Calculate the chloride content using the formula given in para. 6.2.

6.4 The percent chloride may be converted to pounds of C1- per cubic
yard of concrete as follows:

(~. )lbs Cl-/yd3 = %C1 lUI)

"'here

UH = Unit ",eight of concrete per cubic yard.

Note: A unit ",eight of 3915 1bs/yd
3

is often assumed for
normal structural Height concrete "rhen the actual
unit weight is unknown.
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III. STANDARD METHOn OF TESTH!G
FOR ~'!ATER-SOLUBLE CHLORInE

ION IN CONCRETE

1. Scope

1.1 This method covers a procedure for the determination of the
water soluble chloride ion content of aggregates, portland
ceMent, mortar or concrete. The method is limited to materials
that do not contain sulfides, but the extraction procedure,
paragraphs 5.1 thru 5.6, may be used for all such materials.

1.2 This method is sifTlilar to Section II, "Standard Method of Testing
for Total Chloride Ion in Concrete," except that a boiling
water extraction procedure is used rather than a nitric acid
extraction. Consequently, Paragraphs 2, 3, 4, 5.1, 5.7 and 6 of
Section II are applicable while paragraphs 5.2 thru 5.6 are not.

1.3 The age of concrete, roortar, or hydrated portland cement at the
time of samr1ing vli11 have an affect on the Hater soluhle chloride
content. Therefore, unless early age studies are desired, it is
recomfTlended that the material be \A.ell cured and at least 28 days
of age before safTlp1ing.

Procedure:

Fo11O\'1 paragraphs 2, 3, 4, 5.1, 5.7 and 6 of Section II, "Standard
11ethod of Testing for Total Chloride Ion in Concrete, It

Substitute the follO\'ting for paragraphs 5.2 thru 5.6 of the
above referenced total chloride method.

5.2 Transfer the ~round safTlp1e quantitatively frofTl the mortar through
a funnel into a 100 ml beaker. ',Jash mortar and pestle at least
four times each vlith approximately 5 m1 units of hot distilled
Hl). Finally \"lash the funnel ,,,ith hot distilled H20. Final
volume should be 60-7n ml.

5.3 Cover the beaker \t,,;th a v,/atch qlass and hrinq to a boil on a
fTlagnetic stirrer using a small magnet. Boil for 5 minutes, then
let stand for 24 hours from the end of the boil in an atmosphere
free of HCl fumes.

5.4 Prepare a funnel fitted vlith a double filter paper (WhatInan No. 41
over no. 40 filter paper or equivalent) and a 250 ml beaker to
receive the filtrate. Lift the '-latch glass frofTl the 100 ml
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beaker and I'rash any ad heri ng drops into thP. fi 1ter paper. Care­
fully decant the clear supernatant li~uid into the filter paper
using a stirring rod to aid transfer.

5.5 Add sufficient hot distilled H20 to cover the residue in the
100 ml beaker, stir 1 minute on a magnetic stirrer and pour
the mixture into the filter paper \'!hile sl·!irling the bea~er.

\:Jash thP. inside of the beaker and the stirring rod once into
the filter using hot distilled H20. Set aside the heaker
and stirring rod without further ,..,rashing. Hash the filter
paper~ with hot distilled H20.

Lift the filter paper carefull~_' from the funnel and \'lash the
outside of the paper with hot distilled H20. Set aside the
paper and ,,'ash the interior of the funnel and its tir I,'ith
hot distilled H20.

5.6 Add 1-2 drops of methyl orange innicator to the 250 ml henker;
then add concentrated WI03 drop':,;se I-lith continuous stirrin0
until a permanent pink to red color is obtained. 'lake U[l the
volume to 125 to 150 ml.

13



IV. OI SCUSS I r)N

Accuracy amI Repeatability of the Analytical 11ethods

In any chemical analysis the accuracy and repeatability of the method
used is of prime importance to the analyst. This is particularly true
of the methods for chloride analysis presented in Sections II and III
of this report since decisions involving the expenditure of suhstantial
funds are made based on the results obtained.

The accuracy of a chemical analysis is defined as the difference hetl'reen
the measured va 1ue of the su hs tance analysed and its true value. The
accuracy of the general method in Sections II and III was measured by
Reman (1) using portland cement paste specimens to which specific Quantities
of chloride ion had been added. He found that the accuracy of the method
was within 0.5 percent of the total chloride present. For a paste ''lith
1.0 lb Cl-/yd (.592 kg/M 3) or 0.0255 percent (1- by \'Iei0ht, 0.5 percent
,,,ould be 0.005 lb Cl-/yd 3 (.00296 ~g/m3) or 0.0001 percent Cl-by weight.

CleMena, Reynolds, and !'1cCormick (2) investigated the accuracy of this
method, as ",ell as atomic absorption and neutron activation analysis
procedures, for separate series of concrete samples containing siliceous and
carbonaceous a9gregates ...rith known quantities of added chloride ion.
Each series also contained a blank \'.rith no chloride added. Based on
I"llltip1icate ana1~'ses for each specimen, the authors found that for the
potentiometric titration method the average accuracy was 3.4 percent of
the total chloride present, representing a range of errors from zero to
8.2 percent respective~v for specimens \:lith ch1§ride contents bet\'Jeen
.95 and .39 1bs Cl-/yd 3(.560 and ~238 kg Cl-/m ) (based on a unit I"!eight for
concrete of 3915 1bs/yd (2318 kg/m). For siliceous aggregates, the
average accuracy \-!as 3.7 percent and for carbonaceous aggrega tes, 3.1
percent. These accuracies \-!ere considerably better than those ohtained by
either neutron activation or atomic absorption technioues.

Hhen the analyst deals ",ith actual unknown samr1es, the accuracy cannot
be determined. In this case, ...rhich, of course, corresponds to the rOlltine,
day-to-day situation, the exactness of a measurement is expressed in terns
of the repeatahi1ity and precision of the results. Using the potentiometric
titration procedure (Nethod I), Lankard, r'1oreland, et al (4) at Battelle
f1efllOria1 Institute perfonned repeatabil ity tests on 10 speciMens of portland
cement concrete, each of \'lhich ,·,as sp1 it into four samples. The results are
shO\,," in Tab1 e 1. The rraximum difference betl-IP3n an~' of the four saMples
taken from a single specimen was 0.19 1b Cl-/yrl ~O.r)048 percent Cl-by ...,ei<lht);
the average maximum difference was 0.10 1b Cl-/yd (0.0026 percent (l-hy
.../e; ght).

Similar tests have been performed in the FHWA laboratory. Table 3 compares
analyses performed 1 year apart on the same field samples by different
operators. Table 4 presents the results of analyses of 10\'1 chloride content
samples by different operators and different methods; for run 1 the potentio­
metric titration method (alternate method 1) \'ras used I'lhi1e for run 2 the Gran
plot method (alternate method II) was used. If \'~ define the precision of the
measurements as the absolute deviation of the measurement divided by the arith­
metical mean of the measurements expressed as a percentage, He find that the
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~\forst rrecision o~tained is 22 pe3cent, rerresentinq a deviation froM the mean
of .115 lbs (l-yd (.068 kg cr /m ) or .0029 rercent cr hy v.leight. Such
variation on a practical level is not considered significant.

The data in Tables 1-4 are concerned \·/ith the anal\lsis for total chloride
ion content in a sample (Section II). Repeatability data was also gathered
on the procedure for determining \'later soluble chloride ion content (Section
III). These results are presented in Table 5 for samples "lith a variety of
chloride ion contents. r~ximum precision as defined above was 33 percent
for a sample (#3) ,·,ith a mean chloride ion content of .06 lbs/yd3 (.04 kfl/m3) or
.0015 percent by weight. Again, such a deviation has no practical signi~icance.

For sample 1 with a mean chloride ion conten~ of 4.87 lhslv~ (2.88 kq/rn ) the
precision \'/as 1.02 percent or .05 lbs (1- /yd' (.03 kg cr /m ) (.0013 percent
Cl- by weight).

In summary, the analytical procedures presented in sections II and III of this
report have denonstrated accuracies, repeatabilit,\1 and rrecisions \'thich are
satisfactory for the purpose the analyses are designed to fulfill.

Soluble versus Total Chloride Ion Content in Concrete

To provide insight into the vJater-soluble ancl total chloride ion contents
of concrete measured using the FHI~J\ anal,\Itical methods in Sections II and
I II, 45 concrete si\Mpl es !'/ere studi ed. Each sampl e had a cement content
of 658 lbs/yd J (389 I-:g/m3 ); the samples were obtained at various depths within large
slabs using the rotary hammer sampling procedure. All chloride ion present
in these concretes \'fas due to the pond i ng of NaCl after the concrete \'/aS

6 weeks of age; no chloride ion was deliberately mixed into the fresh
concrete. Baseline (before salting) total chloride ion content was 0.3
to 0.4 lbs/yd3 (.2 kg/m3 ) (0.045 to 0.061 percent Cl- by Height of cement).
The type I cement used in all concrete had a free lime (CaD) content of 1.12
percent and the concrete age \'Jhen sampl ed \-/as 3 years. Table 6 presents the
results of the analyses. The percentage of solu~le chloride ion in the
total generally decreased as the total chloride ion content decreased.
This is consistent "lith the expectation that the soluble chloride ion is
due predOOlinantly to intrusion of the ponding solution \'/hile the insoluble
chloride content mainly arises from the original cement and aggregate
comrosition.

COf1ll1arison of Total Chloride Ion Analysis by r1ethods I and II

Table 7 contains a comparison of the results of the total chloride ion
analysis of identical saMples by the rotentiometric titration procedure
(Alternate f'lethod I) and the Gran plot rrocedure (JI..lternate r1ethod II)
contained in Section II. Both chloride and silver ion-selective electrodes
"Jere used. ~evieH of the data sho\\Is that the inter-method precision is
essentially equal for a variety of concrete types and chloride ion concentra­
ti ons.
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Tahle 1. Repeatability of chloride determinations on portland cement concrete

Specimen - 3 RangeTotal Chloride Content, lhs Cl /yd
Sample SaPlple Sampl e Sample (t1aximum

No. 1 2 3 4 differenc3)
lbs Cl- /yd

1 5.65 5.61 5.73 5.69 0.12
2 5.22 5.18 5.37 5.22 0.19
3 4.71 4.75 4.82 4.67 0.15
4 4.47 4.59 4.31 4.47 0.16
5 2.39 2.39 2.35 2.31 0.08
6 2.27 2.31 2.24 2.31 0.07
7 1.02 0.9L1- 0.98 0.94 'l.08
8 0.94 0.94 0.94 0.94 0.00
9 0.75 0.71 0.78 .078 0.07
10 0.67 0.67 0.63 .067 0.04

lb/~/d3 .592 kg/m3
Average 1f.1TJ

=

.l! l-inch (25.4 1Wl) thick, 4-inch ( 101.6 111ll) diameter concrete sections
\'lhich \'Iere pulverized and split into four rarts. A lO-gram sample was
then obtained from each rart.

Table 2. Repeatability tests usin~ different operators

SpeciMen Sample Total Chloride Content (lbs Cl- /yd3)
I~o. No. Operator 1 Operator 2

1 1 1.55
2 1.56
3 1.59
4 1.62

f1axirnum difference = 0.07 lbs Cl- / y0 3

2 1 1. 53
2 1.44
3 1. 51
4 1.50
5 1.50
6 1.48

naxirnurl difference = 0.09 1bs Cl- /yd 3

1b/:/d3 = 0.502 kg/rn 3
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Sample
No.

Table 3. Repeatability tests on field samples )j

Total C1- content, 1hs/yd 3
Run 1 Run 2 Difference
(1975) (1976)

3171
3182
3279
3283
3284
3291
3323
3324

lh/yd3 = 0.592

2.23
0.47
2.78
2.94
0.63
1.68
3.80
0.82
3kg/m

2.28
0.59
2.75
2.93
0.73
1. 72
3.93
0.82

0.05
0.12
0.03
0.01
0.10
0.04
0.13
0.00

1/ Ana lyses were rerformed 1 year apart by the same laboratory hut
- different operators using the rotentiometric titration method

and a chloride ion-selective electrode.
1/

Tah1e 4, Repeatability Tests on L~J Chloride Content Samples -

Sample Total Cl- content, 1bs/yd 3
l'Io. Run 1 Run 2 Difference

, 0.27
2 0.47
3 0.74
4 0.90
5 0.67
6 0.19
7 0.33
8 0.28
9 0.31
10 0.32
11 0.3~

1~ 0.39
13 0.34
14 0.32
15 0.23
16 0.25

1h/yd3= 0.592 kg/m3

0.31
0.47
0.55
0.90
0.43
0.21
0.27
0.28
0.25
0.24
0.38
0.3(1
0.30
0.40
0.21
0.32

0.04
O.f)()
0.19
0.00
0.23
0.02
O.On
0.0f)
O.O~

0.08
0.02
0.0~

0.04
0.08
0.02
0.07

)j These runs ItJere made 6 \!eeks apart by different operators usi n9
different titrant solutions. Run 1 used the potentiometric
titration method, while Run 2 used the Gran plot method. All
analyses \'/ere made \'lith a chloride ion-selective electrode.
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Table 5. Repeatability Tests for \'later-soluble chloride content]/

SaMple Water-soluble C1- content, 1~s/yd3
No. Run 1 Run 2 Difference, 4.82 4.92 0.10
2 1.37 1.35 0.02
3 0.04 OJ)8 0.04
4 1.72 1.76 0.04
5 0.30 0.22 O.OR

1h/ ~'d3 = O. 59 2 kg/rn 3

II All analyses ",ere made using the Gran plot procedure \·Jith
a chloride ion-selective electrode.
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Table 6. ~~ter Soluble and Total Chloride Contents

Sample
No.

Chloride content, 1hs/yd 3
Soluble Total

1/ %Soluhle
8ifference - Chloride

9i')
92
89
92
96
92
91
88
87
83
8S
81
80
80
90
83
83
82
77
91
82
78
81
76
80
78

~ 77
70
73
68
63
62
63
64
74
58
64
71
63
54
37
34
37
38
28

2.rl
2.3
2.2
1.40
0.5
0.70
0.50
0.40
0.45
0.49
0.43
0.45
0.50
0.49
0.20
0.33
0.31
0.32
0.43
0.14
0.27
0.33
0.23
0.25
0.19
0.20
0.20
0.28
0.19
0.18
0.21
0.21
0.18
0.17
0.10
0.19
0.13
0.09
0.13
0.16
0.29
0.31
0.27
0.24
0.21

28.8
28.2
20.5
18. 1
13.4
9.06
5.32
3.41
3.39
2.95
2.86
2.42
2.47
2.44
1. 92
1. 90
1. 79
1.76
1.84
1. 51
1.52
1.48
1.18
1.06
0.97
0.93
0.86
0.92
0.70
0.57
0.56
fl.55
0.49
0.47
0.39
0.45
0.36
0.31
0.35
0.35
0.46
0.47
0.43
0.39
0.29

, 25.9
2 25.9
3 18.3
4 16.7
5 12.9
6 8.30
7 4.82
8 3.01
9 2.94
10 2.46
11 2.43
l?- 1.97
13 1.97
14 1.95
15 1.72
16 1.57
17 1.48
18 1.44
19 1.41
20 1.37
21 1.25
22 1.15
23 0.95
24 0.81
25 0.78
26 0.73
27 0.66
28 0.64
29 0.51
30 0.39
31 0.35
3?- 0.34
33 0.31
34 0.30
35 0.29
36 0.26
37 0.23
38 0.22
39 0.22
40 0.19
41 0.17
42 0.16
43 0.16
44 0.15
45 0.08

1b/yd3 = 0.592 kg/fTl3

!! Total chloride minus soluble chloride

To convert 1bs/yd3 to percent by v/eight of concrete divide by
39.15. 3
To convert 1bs/yd to percent by weight of cement multiply by
0.152.
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Table 7. Cnml1ar;son of Chloride Ion flnal~lsis f\·.1ternate i'ethod I nnd II

Concrete T~lre/ % Cl- 1/ ~s C1- 2/
Sarlp1e !~o. i1ethod I - ~'ethorl II -=-

Difference % niffrrence ~ [1 3! Difference %nifference
(II - 1) (II - I/T) ~'ethorl II .:- (II - I) (II - II!)

Conventional
Conr.rete/

5208 0.117 0.117 0 0 0.119 +.nn2 1.7
5210 0.09R 0.094 -.()04 4. 1 o.n9R n 0
5212 0.102 0.101 -.0'11 1.n 0.103 +.'J01 1.0
5175 0.042 0.042 0 0 ,). 043 +.001 2.4
5170 0.297 O.29B +.001 0.3 O.2Qf, -.01')1 n.3
5177 0.410 ().400 -.010 2.4 0.41(') 0 0
5178 0.091 0.OQ1 0 () () J)9 11 +.003 3.3
5179 0.328 0.312 -n.01f; 4.<1 0.315 -.m3 4.0
5180 0.047 0.047 0 0 O. ""4-7 () 0

N
0

Internally Sea1erl
Concrete/

5231 0.034 0.034 0 0 OJ135 +.001 2.9
5232 0.006 0.006 () 0 oJY)6 0 0
5?33 0.043 0.045 +0.002 4.7 0.045 +.OO? 4.7
5%34 0.008 o.nog +O.nnl 12.5 0.008 () n

til tex Concrete!

5170 0.187 O.lC1? +.n05 2.7 0.1% +.Qnn 4.3
538n 0.n38 O.03E -.'1'12 5.3 O.03f. -.002 5.3
5381 0.279 0.298 +.OlQ 6.8 O.2Q4 +.015 5.4
5382 0.118 O.l1fi - .002 1.7 0.11 Q +. 0()1 n.s



Concrete T21 pe/ ~.: C1 1/
SRPlp1 e no. : lethod I -

% C1- 2/
r~thoct II -

f)iffer~nce

(IT - 1)
% Difference % C1 3/
(I I - II 1) r~ethod II -

~ifference

(II - 1)
% flifference
(II - 1)

LRtex Concrete/

5;~~33 0.321 0.315 -.onr: 1.Q O.3F' -.On2 0.6
5284 0.138 0.141 +.n03 2.2 0.13C"J +.0'11 0.7
5285 0.343 0.337 -.()()f, 1.7 n.3";7 +.014 4. 1
5286 0.152 O.13c) -.nB 8.n n.153 +.orll 0.7

AYera~e Values (lhs/yd = ~ C1 X 39.15)

lr./·,d 3 = 0.592 kO/r13
. -

0.nn43 2.0% n.nQ32 2. 1~~

N
-'

1/ :1ethod I: Potentionrletric titration usinq n- electrorle
2/ ~!p.tllod II: Gran r10t procedure lJsim) (1-' electrode
3/ Sane as 2. t hut usin~ PtJ+ electrode
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