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SYNOPSIS

A modified method has been developed for using the
ASTM Tracer Salt technique for measuring the percentage of
stripping of the total mix gradation, Studies indicate that
the repeatability of the modified Tracer Salt method is not
as good as the Dye solution procedure.

The percentage of stripping determined by the Dye and
Tracer Salt methods was compared with the surface water
abrasion test results on a number of different aggregates.
The results show that the abrasion loss and percentage of
stripping are related.

INTRODUCT ION

Water may induce partial to serious raveling and disin-
tegration at the surface of a pavement. The entrance of
water into the pavement may cause stripping of the asphalt.
Such action may alter the properties of the pavement to the
extent that failures will oeccur under traffic action.

One of the important aspects of the problem is the de-
velopment of tests that will provide a quantitative measure
of the effect of water on pavement performance. These tests
should be performed on paving mixtures containing the entire
aggregate gradation with the design asphalt binder content.

Recently ASTM Committee D-4 has completed an extensive
study of a new method for measuring the stripping of bitumen
aggregate mixtures, known as the Tracer Salt Method, (1).

Tn this method, a sample of aggregate passing the 3/8" sieve
and retained on the 1/4" sieve is coated with Lithium Chloride
salt solution and dried in an oven. Portions of this treated
aggregate are coated with bitumen and cured for a designated
time. Original Lithium chloride treated control samples (raw
aggregate), and bitumen coated materials are placed in 4 oz.
screw top jars, covered with distilled water, and allowed to
stand for 16-18 hours at room temperature. The Lithium
chloride content of the water, from the control and bitumen
coated samples, is determined by means of a flame photometer.
From these values, the per cent of retained coating or per-
centage of stripping may be calculated,

The completion of the work on development of the Tracer
Salt procedure by Committee D-4 led to a progosal.to attempt
to modify the method in order to use the entire mix gradation
with the design asphalt binder content. Further, a study was
proposed for comparing the modified Tracer Salt method with
the Dye technique and Surface Water Abrasion test develqped
in the Pavement Section of the California Division of High-
ways, Materials and Research Department. The latter two

-1-
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methods are described in a paper published in the 1963 pro-
ceedings of the AAPT (2). per P PO

_This final report will present results on the objectives
outlined above.

CONCLUS IONS

Tentative modifications in the original ASTM technique
for the Tracer Salt test have provided a method for measur-
ing the percentage of stripping of the total mix gradation.

Studles indicate that the Dye method has better repeata-
bility than the proposed Tracer Salt procedure. The results
clearly indicate that every care must be taken in sample
preparation since these studies were performed under very
strict control of all possible variables. It is apparent
that further extensive studies will be required by a number
of organizations before adequate control over reproducibil-
ity is achieved.

Some aggregate sources may produce anomalous results
when the Dye test is used for measuring stripping. This
appears to be caused by aggregate sources which have grading
fractions with widely different dye uptake-percentage of
stripping ratios. Our studies to date indicate that such
situations occur only rarely.

Using five aggregates of widely different stripping ten-
dencies, a satisfactory relation was found for the percentage
of stripping by the Dye and Tracer Salt methods. Tor all
practical purposes the percentage of stripping is the same by
either method.

There is also a definite relation between the percentage
of stripping and the surface abrasion loss.

Considering the three methods under study, the surface
abrasion test appears to provide the best indication of pave-

ment resistance to water action.

DEVELOPMENT OF A MODIFIED TRACER SALT TEST METHOD

The first objective of this project was to modify the
existing Tracer Salt method in order to use the entire mix
gradation with the design asphalt binder content. The princi-
pal change was in the Lithium chloride coating process of the
raw aggregate. In the ASTM method, a 90 gram sample compﬁsed
of aggregate passing the 3/8" sieve and retained on a 1/4
sieve, is immersed in 45 grams of tracer salt solution for
one minute. The sample is stirred with a spatula to ensure
complete surface coverage. The sample is transferred onto a

-
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1/4" sieve, and the excess solution is drained off. The
coated aggregate is oven dried at 250°F with frequent light
stirring by the operator.

~ When a 250 gram sample containing the entire mix grada-
tion was placed in a container and 125 grams of Lithium
chloride added and the excess solution decanted off, some
of the fines were lost. Our next approach was to add 50 mls.
of Lithium chloride to cover the sample which was spread out
in a shallow pan. The sample was stirred, and all liquid
was evaporated in an oven at 250°T., The 50 ml. quantity
proved to be excessive and "caking'" was quite pronounced.
After a series of trials with a number of different aggregates
25 ml. of solution was found to adequately coat the aggre-
gate with only a slight excess. The modified test method is
presented in Appendix A,

After development of a modified test method, a test
series was performed to check repeatability. Two aggregate
sources of quite high stripping tendencies were selected. The
results are shown in Table A, The standard deviations for
Lithium chloride demand indicate about equal repeatability for
both uncoated and coated systems. The standard deviations
for the percentage of stripping are quite high, and the re-
peatability is not considered satisfactory.

In order to obtain more information on the repeatability
of the Tracer Salt method, a test series was performed in which
the Dye Technique and Tracer Salt method were compared using
three aggregate sources of varying percentages of stripping.
The results are shown in Table B, The results from the Dye
test show very good repeatability in both Trials 1 and 2 while
the Tracer Salt method shows greater variation. We note,
however, that both methods show rather wide differences be-
tween Trials 1 and 2 even though the repeatability for each
trial is quite good, especially with the Dye procedure. This
comparison indicates that factors beyond those involved in the
determination of dye and Lithium chloride demands on uncoated
and coated samples are important in the final percentage of
stripping. These are probably associated with variables con-
cerned with sample preparation, mixing, curing, and stripping.
Turther studies are required in order to determine the spec-
ific reasons for the variations noted in average percentages
of stripping in Trials 1 and 2.

COMPARITIVE RESULTS USING
C T T MRT !

TRACER SALT METHOD,
ON M RIACE WATER )

ST

The percentage of stripping by the Tracer Salt and Dye
solution methods was compared with the Surface Abrasion test
result using five different aggregate sources. The results
are shown in Table C and Figs. 1 and 2.
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The two methods for measuring stripping check quite
closely with two of the aggregate sources, but va qf
10 to 167% for the other three sources. ’ R

The Surface Abrasion test results are compared with
the percentage of stripping by the two methods as shown in
Fig. 2. The percentage of stripping as measured by the two
methods appears to be related to the amount of loss attained
with the Surface Abrasion test. However, one aggregate
source shows very high stripping by both methods with a low
loss in the Abrasion test. It is very difficult to explain
this finding., There is the possibility that one portion of
the fine grading is very hydrophilic and strips badly as
compared to other portions, thereby, providing a final high
figure, In the compacted specimen, subjected to the surface
abrasion test, this portion may be protected by other mater-
ials of the matrix which show greater resistance to stripping.
The abrasion loss would, therefore, represent the overall re-
sistance of the matrix to water action. On this basis we may
conclude that the surface abrasion loss is the best indication
of the resistance to water action of the paving mixture.

In the Dye test the amount of dye that is held by the
aggregate will depend on the degree of adsorption, absorption,
and surface area. As an example, materlals having low adsorp-
tion and high stripping when combined with those having high
adsorption and low stripping may provide misleading final re-
sults. The Tracer Salt technique, involving the coating of
an inert salt on the surface of the aggregate should provide
better results for the percentage of stripping on aggregate
combinations of this kind. This is illustrated in Table D
and Fig. 3. The results from the Tracer Salt test provide the
expected linear relation between percentage of stripping and
increasing additions of uncrushed to crushed material from
the same source. The dye test does not show this relation and
indicates a marked increase in stripping with a small addition
of uncrushed material. The surface abrasion results confirm
the Tracer Salt results as shown in Fig. 4. An explanation
for the anomaly in the dye test results is shown in Fig. 5.

We note that the uncoated sample provides a direct relation
between dye uptake, and percentage of crushed material in the
sample under test. However, this relation is not attained

with the stripped sample.

The above noted study was repeated on another aggregate
source, The results, shown in Table D and Fig. 6, indicate
excellent agreement between dye and tracer salt methods and a
direct relation between the percentage of stripping by the two
methods and additions of uncrushed material. The dye uptake
curve for the stripped sample for this system 18 compared with
that previously found in Fig. 7. We note in this case that
the expected linear relation is found.

The anomaly found for the dye test has not been encount-
ered in the bulk of the aggregate sources tested with this
method. We, therefore, conclude that a false figure for

by
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percentage of stripping by the dye technique will only rarely
occur. In any case, these studies indicate the Iimportance of
developing tests that will provide a measuve of the resistance
to water action of a compacted specimen which closely simu-
lates the pavement. In this case, the surface abrasion test
appears to consgistently measure the overall effect of water on
the pavement.
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TABLE A

REPEATABILITY OF LITHIUM CHLORIDE
TRACER SALT METHOD

Aggregate Test, P.P.M. Lithium %
Sample No. No. Chloride Stripping
Uncoated | Coated
64-3187 &
64-3189 1 8 5 63
Asphalt A
Operator 2 11 7 64
#1
3 11 9 82
4 9 5 56
5 10 7 70
6 11 8 73
7 11 9 82
8 11 8 73
Ave X 10 7 70
n 7 7 7
S.D + 1.2 + 1.0 + 9.2%
59-1022 & 1 14 8 57
A
Asphalt A 2 14 8 57
Operator
¥ #1 3 13 8 62
4 13 7 54
5 12 5 42
6 12 5 42
7 13 6 46
8 13 6 rh
Ave X 13 7 51
n 7 n 7
3.D. + 0.8 + 1.4 +7.7%
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TABLE B

REPEATABILITY OF TRACER SALT

AND DYE METHODS.

Percentage of Stripping
Sample No. Dye Method Tracer Salt Method
Trial 1L Trial 2 Trial 1 Trial 2
63-5013
Asphalt A 14.5 21.0 41,2 27.3
Operator
#1 14,7 21.0 38.9 33.4
15.0 21.0 35.0 25.0
Average 14.8 21,0 38.4 28.6
S.D. 0.3 - 3-1 317
59-1770 &
59-1771 37.9 33.9 33.4 25.0
Asphalt A
Operator 38.6 35.7 31.3 31.6
AL
1
i 39,1 33.9 33.4 35.0
Average 38.5 34.5 32.7 30.5
S.D. 0.6 1.0 1.3 5.1
64-3187 &
643189 47.2 62.3
Asphalt A
Operator 45.9 61.9
#1
| 42,7 60.0
Average | 45.3 61.6
S.D. 2.3 1.4
SUMMARY
Average Percentage of Stripping
Sample No. and Standard Deviation
Dye Method Tracer Salt Method
Trial 1 Trial 2 Trial L Trial 2
63-5013 14.8 21.0 38.4 28.6
> S.D. = 0.3 - 3.1 3.7
59-1770 |& 71 38.5 34.5 32.7 30.5
S.D. = 0.6 1.0 1.3 5.1
64-3187 {& 89 45.3 6.6
S.D. = 2.3 1.4

“CIihPD
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TABLE C

COMPARTSON OF PERCENTAGE COF STRIPPING
BY TRACER SALT AND DYE SOLUTION METHODS

WITH SURTFACE ABRASION LOSS,

Code Aggregate Asphalt Average Percentage | Average
No. Number Source of Stripping Abrasion
(see & Grade Dye Tracer Salt | Loss-Gms.
Figs. Method Method
L & 2)
“A“
A 63-5013 85-100 15 26 0
B 64-3190,°1, Al
92,93 & 2194 | 85-100 21 22 0.1
C 59-1770 & Al
1771 85-100 39 33 19
D 64-3187 & Al
3189 85-100 54 70 16
E 59-1022 & AT
A 85-100 64 54 9%
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EFFECT OF MINERAL SURFACE ON PERCENTAGE
OF STRIPPING BY DIFFERENT TEST METHODS

TABLE D

USING ASPHALT A, 85-100 PENETRATION GRADE

Agerepate
Numbe% and

Mix Combination

Percentage of Stripping*

Dye
Method

Tracer Salt
Method

’Abrasion
Loss® Gms,

59-1021A
100% crushed

59-1021 & A
757% crushed
25% as rcvd.

59-1021 & A
50% crushed
50% as revd.

59-1021 & A
25% crushed
75% as revd.

59-1021
100% as revd.

25

37

48

72

79

22

36

45

70

74

0.1

14,1

31.7

8.8

59-1022A
100% crushed

59-1022 & A
757% crushed
25% as recvd.

59-1022 & A
50% crushed
50% as rcvd.,

59-1022 & A
25% crushed
75% as recvd,

59~1022
100% as revd,

- —
e S e =7

O u

2

67

65

73

66

21

27

34

33

46

32.2

61.3

% Results are average of two tests.
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FIGURE 1
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FIGURE 4
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APPENDIX A

Tentative Method of Test For Quantitative
Determination of Film Stripping
Through Use of Lithium
Chloride Tracer Salt Solution

SCOPE:

This method provides a means for the quantitative determination
of the resistance of bituminous mixtures to stripping of the asphalt
from the aggregate particles, through the use of a 1ithium chloride
tracer salt technique and a flame photometer for indicating the
extent of the stripped surface.

PROCEDURE:
A. Apparatus

1. Flame Photometer - Perkin Elmer Model 52a
(or equivalent)

2. California Type Mechanical Stripping Machine with
special adaptors to hold 16 oz. bottles, Test Method
No. Calif. 302-B.

3. Mechanical Mixing Machine (optional) Test Method No.
Calif. 304-C.

4. Constant Temperature Oven capable of maintaining a
temperature of 250°F #

B. Materials
1. Lithium Chloride (LiCl), anhydrous Cp.
C. Preparation of Lithium Chloride Stock Solution

Prepare a solution (250 + 10 ppm Li+) by dissolving 1.527

gms. of anhydrous Cp lithium chioride (LiCl) in 1 liter of
distilied water.

D. Preparation of Samples

Process the aggregate im a manner comparable O constyuction
processing; i.e., wash if washing is to be employed; other-
wise, test as received. :

Place four 250 gm. samples of the aggregate in shallow pans
(preferably of aluminum or stainless steel). Pour 25 mls.
of the stock solution onto the sample and stir with a spatula
for 1 min. or until the entire sample has been coated. Place
the sample in a 250°T oven for a period of 1-1/2 - 2 hxs.
stirring occasionally to prevent caking. Remove the sample
from the oven and allow to cool before stqring in a clean,
dry container for testing. Treat oach of the four samples

of any aggregate in the same manner..
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Appendix A (cont,)

Mixing the Samples

Coat two 250 gram samples of aggregate with the design
bitumen content and cure for 15 hours at 140°F.

Tests and Calculations

1.

Procedure for stripping the coated and uncoated
samples.

a. Place the cured bitumen coated samples in 16 oz.
jars and allow to cool. Add 200 ml, of distilled
water and place the jars in the stripping machine
for 30 minutes.

b. Follow the same procedure for the uncoated samples,

Procedure of preparation of samples for lithium de-
termination.

a. Allow the sample to remain undisturbed for a
period of time to allow the fines to settle.

b, Filter out about 50 mls. of the solution of each
sample until the liquid becomes quite clear.

Procedure for determining the concentration of lithium.

a. Use Perkin Elmer Flame Photometer Model 52A (or
equivalent).

b. Determine Li+ in ppm using standard solutions
made from LiCl reagent grade and a predetermined
calibration cuxrve.

Procedure for calculating the percentage of stripping.

a. Calculate the percentage of stripped coating as
follows:

PSC = 100 {%}

Percentage of stripped coating.

A = mean of two lithium values in
parts per million of the strip-
ping waters of the coated cured,
and stripped samples.

B = mean of two lithium values in

parts per million of the strip-
ping waters of the uncoated samples.

b. Report the percentage of stripping to the nearest
Ollo/ol

" ClibPD
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