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Evaluation of Boiling and Stress Pedestal 
Tests for Assessing Stripping Potential of 
Alabama Asphalt Concrete Mixtures 
FRAZIER PARKER, JR., AND MICHAELS. WILSON 

Moisture produces serious distress, reduces performance, and 
increases the need for maintenance of asphalt concrete pave
ments. Although moisture Is but one of many distress mecha
nisms contributing to pavement deterioration, It is often a 
major factor. Moisture damage is attributable to stripping 
where stripping Is the loss of adhesion between aggregate and 
asphalt cement, or possibly loss of cohesion in the asphalt 
cement. Boiling tests and stress pedestal tests were performed 
on asphalt concrete mixes composed of materials common in 
Alabama. The purposes of these tests were to evaluate the 
laboratory procedures for (a) a!!Sesslng the potential of asphalt 
concrete mixture stripping and effectiveness of antistripping 
additives and for (b) identifying mix components responsible 
for stripping. Results from the boll tests Indicated that aggre
gate, asphalt cement, and additive properties affect coating 
retention. Implications are that each combination must be 
tested to assess stripping potential and that geµeralizations are 
not possible. Reasonable correlations with field performance 
were obtained with results from entire mixes. Results indicate 
that boil tests may provide valuable predictions of antistrip
ping agent effectiveness, but that they will not identify aggre
gate components causing stripping. Results from the stress 
pedestal tests did not correlate well with field performance. In 
addition, there were no correlations between mix performance 
and the performance of individual aggregate components. 
Implications are that the stress pedestal test has little potential 
for predicting mix performance or for Identifying aggregate 
components causing stripping for typical Alabama materials. 

Moisture produces serious distress, reduces performance, and 
increases the need for maintenance of asphalt concrete pave
ments. In the past 10 years, the incidence of moisture-induced 
damage appears to have increased significantly, causing con
cern in the highway engineering community. Although mois
ture is but one of the many factors that may cause deterioration 
of asphalt concrete pavements, it is often a major contributor. 

Typically, this moisture-induced damage is attributable to 
stripping, where stripping is the "separation of the asphalt 
coating from the surface of the aggregate in a flexible pave
ment" (J). The most serious consequence of stripping is the 
loss of adhesion between the aggregate and asphalt cement, 
resulting in a substantial reduction in tensile strength of the 
asphalt concrete pavement. In some cases, damage occurs 
because of softening of the asphalt cement matrix, where soft
ening is a loss of cohesion in the asphalt binder (2). 

The study of asphalt concrete stripping is complicated by the 
many parameters that influence stripping. Some of these 
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parameters are asphalt and aggregate properties, mixture 
design, construction procedures, environmental conditions, and 
traffic; each may contribute in some part to the initiation and 
severity of stripping (3). 

The objective of the research reported in this paper was to 
evaluate laboratory procedures for assessing the stripping 
potential of asphalt-aggregate mixtures comprised of typical 
Alabama materials and the effectiveness of antistripping addi
tives. A secondary desirable feature of evaluating the pro
cedures was the ability to individually test aggregate compo
nents to determine the component(s) for which stripping is 
most severe. This is particularly important for fine components 
in which stripping action is difficult to detect. 

LABORATORY TESTS FOR ASSESSING STRIPPING 

Many tests have been developed to determine the susceptibility 
of asphalt concrete to moisture. To date, none has received 
wide acceptance because of often highly variable results and 
lack of correlation with field performance. In evaluating test 
procedures, the following parameters were considered: 

1. Correlation with field performance; 
2. Test simplicity; 
3. Ability to evaluate mixes and aggregate components, 

including fines; and 
4. Ability to evaluate antistripping additives. 

Types of Tests 

There are two basic types of tests to determine the suscep
tibility of an asphalt concrete to stripping: a test run on a loose 
mixture or a test mn on compaclt:d samplt:s. Smnt: of Lht:st: 
tests are described and commented on by Majidzadeh and 
Brovald (4) and by Taylor and Khosla (5). 

Tests on Loose Mixtures 

Tests run on loose mixtures subject the coated sample to mois
ture conditioning and evaluate the percent coating retained. 
Quantitative or qualitative means are used to determine the 
percent coating retained. Some of the subcategories of this type 
of test are static immersion, dynamic immersion, chemical 
immersion, and boiling (6). The most widely used test on loose 
mixtures is the boil test. 
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Tests on Compacted Samples 

Tests on compacted samples are usually run to compare an 
engineering property such as strength before and after moisture 
conditioning. In the past, the immersion compression test was 
widely used to assess the loss of cohesion due to the action of 
water. Currently, the most widely used of this type test is the 
indirect tensile test. The indirect tensile test, as reported by 
Lottman (3) or Tunnicliff and Root (7), may provide predictive 
information on moisture damage in asphalt concrete. The Texas 
freeze-thaw pedestal test is a test on compacted samples that 
has shown good correlation with field performance (8). In 
addition, the test permits evaluation of individual aggregate 
components, including fines, and does not require loading. A 
possible disadvantage is that it does not permit testing of actual 
mixes, but requires samples with smaller size particles. 

Selected Laboratory Tests 

The boiling test and the freeze-thaw pedestal test, as proposed 
by the Texas Center for Transportation Research, were selected 
for evaluation (8). These tests are relatively simple and good 
correlations with field performance has been reported. They 
may be used to quantify the stripping potential of an asphalt 
concrete mixture or the effectiveness of antistrip additives. 
They permit testing of aggregate components, including fines. 

MATERIALS 

Two asphalt cement sources, three aggregate mixes, and three 
antistrip additives were obtained for testing. These were 
selected to represent typical materials used for asphalt concrete 
mixtures in Alabama. 

Asphalt Cement 

The asphalt cements were labeled ACl and AC2. Both were 
grade AC-20, meeting specifications of the State of Alabama 
Highway Department. Each came from different manufac
turers. Both manufacturers mix crude oil from various sources, 
but at the time of sampling, the majority of their crude oils 
came from the Gulf of Mexico. 

Aggregate Mixes 

Three aggregate mixtures meeting Alabama Highway Depart
ment specifications for surface courses were obtained Each 
mix was arbitrarily assigned a label A, B, or C. Each mix was 
made up of three components; each component was arbitrarily 
numbered 1, 2, or 3 (e.g., the second of the three components of 
Mix A was designated A2). Physical properties of the mixes 
and their components are given in Figures 1-3. 

Each of the three mixes is distinctly different in the nature of 
the materials; however, all are graded as AHD 416 wearing 
surface mixes. All of the mixes have known performance 
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histories, and results of a limited survey of state highway 
personnel are included in the following descriptions and assess
ments of performance. 

Mix A 

This mix contains 85 percent crushed dolomite and 15 percent 
natural coarse sand It is used for shoulder paving and leveling. 
The reported performance of the mix is good, and it has shown 
few signs of stripping. 

MixB 

Mix B contains 70 percent crushed gravel, 20 percent natural 
coarse sand, and 10 percent crushed limestone screenings. The 
gravel and sand come from the same source; both are described 
as cherty materials and have high absorptions. The reported 
performance of this mix is varied. Before the use of antistrip 
additives was required in mixes containing siliceous materials, 
stripping damage was severe. With the use of antistrip addi
tives, performance has improved; however, some stripping 
problems are still reported 

MixC 

This mix contains 60 percent crushed gravel, 25 percent natural 
coarse sand, and 15 percent fine sand. All of the aggregates are 
quartzite and quartz materials. The reported performance of 
this material is good. Even before the use of antistrip additives 
was required with siliceous aggregates, only minor stripping 
problems were reported 

Texas Limestone 

A limestone used in the development of the Texas testing 
procedures was obtained from the Texas Center for Transporta
tion Research and coded TX. Its performance in the field was 
described as nonstripping. Results from the Texas boiling test 
were published as 75 to 85 percent retained after boiling (2). 
The Texas freeze-thaw pedestal test results showed more than 
25 cycles to cracking (8). 

Ottawa Sand 

An Ottawa sand was used in preliminary testing. The sand was 
uniformly graded medium to fine clean quartz sand. 

Antlstrlp Additives 

The three antistrip additives used were hydrated lime and two 
proprietary liquid chemical agents. The proprietary agents were 
from different manufacturers and composed of different chemi
cal groups; they were labeled BA and KB. 
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Material Description, Mineralogy - Location 

I I Screenings, Dolomite - Tarrant 

percent mix 

65 

2) Course Sand, Quartz - Hunter 15 

3) I /2" Stone, Dolomite - Tarrant 20 
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Absorption -- 1.55 0.43 1.55 

FIGURE 1 Material characterization for Mix A. 

Hydrated Lime 

This material was a high calcium hydrated lime. The rate of 
application used was 1 percent by weight of aggregate. 

BA 

This proprietary agent is characterized as a metalo-arnine (or 
polyamine). The manufacturer recommends application at a 
rate of 0.5 percent by weight of asphalt cement. 

KB 

This proprietary agent is characterized as an amino-amine. The 
manufacturer recommends application at a rate of 0.5 to 1 
percent by weight of asphalt cement. 

SAMPLE PREPARATION AND TESTING 

The procedures used for sample preparation and testing have 
been published in several articles. A brief description of the 
procedures and some minor changes are covered in the follow
ing sections. 

Texas Boiling Test 

The Texas boiling test was reported in 1983 (2). It is a com
posite of several procedures, many of which originate from 
ASTM D-3625. Several changes were made due to variations 
in testing equipment. However, changes were minor and 
remain within the spirit of the test. 

The standard procedure calls for heating the asphalt cement 
for 24 to 26 hr at 325°F (2). However, extended heating was 
not reported as a test variable having significant effects on 
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Material Description, Mineralogy - Location percent mix 
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Absorpt I on -- 0 . 70 1.4 2 3 .06 

FIGURE 2 Material characterization for Mix B. 

results, nor was heat stability of antistrip additives a study 
consideration. Therefore, the asphalt cement was not heated for 
the extended time. The required amount of asphalt cement was 
poured into a bowl and heated to the mixing temperature (30 
min) before adding heated aggregate. The percent asphalt coat
ing retained was determined by careful visual observations by a 
panel of observers. A rating board was progressively developed 
and initial ratings based on visual observations were adjusted to 
match the final rating board. 

Three test variables were considered in evaluating the testing 
procedure and determining test sensitivity: boiling time, agita
tion (stirring) during boiling, and drainage before cooling. Each 
parameter was varied in a factorial experiment based on the 
standard procedure. 

Boiling times of 10 and 13 min were used. The standard 
procedure called for a boiling time of 10 min, but stipulated that 
on addition of the asphalt mixture, the water boiling should 
cease. The water should be heated such that boiling continues 

in 2 to 3 min. Typically, on addition of the asphalt mixture, the 
water never completely stopped boiling, and the boiling time 
considered was the total time the asphalt mixture was in the 
water on the hot plate. 

Agitation is provided by stirring in the standard test pro
cedure. Samples were stirred on three occasions for 10 sec at 
3-min intervals during boiling. Identical samples were prepared 
without stirring. 

Samples were cooled while remaining in the water and with 
the water poured off. Samples cooled in water were left in the 
boiled water until both reached ambient room temperature. 
After the materials cooled, the water was poured off and the 
mixture placed on a paper towel. The drained materials that 
were cooled had the water poured off immediately after boiling 
was complete. 

In addition to test procedure variations, sample preparation 
was also varied with respect to mixing and reheating the 
asphalt-aggregate mixtures. In a series of tests, reheating and 
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FIGURE 3 Material characterization for Mix C. 

remixing were varied in an attempt to separate the stripping and 
the nonstripping aggregates. After initial mixing, a sample was 
placed in the oven for 15 min, removed, and stirred two addi
tional times. Kennedy reported that this significantly affected 
coating retention for Texas aggregates (2). 

Texas Freeze-Thaw Pedestal Test 

The Texas freeze-thaw pedestal test was reported in 1982 (6). 
The procedure is an adaptation of a test proposed by the 
Laramie Energy Technology Center (9). The test was per
formed as published, but with certain minor deviations. 

A fine fraction of aggregate (usually -#20 to +#35) and 
asphalt are mixed, reheated, and remixed three times at 300°F. 
The mix is cooled to room temperature, reheated to 302°F, and 
compacted with a load of 6,200 lb for 15 min in a mold 1.63 in. 
in diameter to form a briquet 0.75 in. high. The briquet is cured 
for three days at room temperature (75°F), placed on a pedestal 
in a covered jar of distilled water. It is then subjected to thermal 

cycling of 15 hr at 10°F, followed by 9 hr at 120°F. After each 
cycle, the briquet surface is checked for cracks. The number of 
cycles required to induce cracking is a measure of water sus
ceptibility. The only deviation from the published procedure 
was that all specimens compacted were tested regardless of 
their height. No specimens were discarded because they did not 
meet the rather severe tolerance on height. 

BOILING TEST RESULTS 

Results from boiling tests are presented and analyzed in this 
section. 

Effects of Test Variables 

Two aggregates, Al and B3, were submitted to a factorial 
testing program to study the effects of (a) boiling time, (b) 
agitation during boiling, and (c) cooling conditions. Aggregate 
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TABLE 1 EFFECTS OF TEST VARIABLES ON RETENTION OF 
ASPHALT COATING (%) 

Boiling Time 
(10 min/13 min) 10 min 

Agitation 
( Sti r-S/None-N) s 

Cooling (Immersed-
l/Drained-0) I 0 

Al 45 75 

83 45 90 

CJ 40 --
Note: -· Indicates no data available. 

C3 was also submitted to several of these tests, which were 
performed on the 3/s in. to #4 size aggregate fraction with 2 
percent ACI. Data from the tests are presented in Table 1. 

Boiling time and agitation had only minor effects on the 
percent of asphalt cement retained after boiling. On average, 
the extra 3 min of boiling time stripped away only an additional 
6 percent of the initial asphalt coating. Stirring also had a minor 
effect on the asphalt coating retained Stirring increased the 
amount stripped by an average of only 6 percent of the initial 
asphalt coating. 

13 min 

N s N 

I 0 I 0 I 0 

50 80 45 65 50 60 

70 90 45 85 60 85 

-- -- 30 85 -- --

the effects of mixing and heating. Mixes were heated and 
mixed three times each, for comparison with mixes that were 
heated and mixed once. These tests were performed using the 
3/g in. to #4 size aggregate fraction and AC2. Reheating and 
remixing the asphalt aggregate mixture yielded the results 
given in Table 2. The reheating and remixing caused a 15 to 20 
percent increase in percent coating retained on all aggregates 
tested, which is consistent with the results reported by Kennedy 
(2). 

None of the test variations appeared to be aggregate sensi
tive. The same trends were observed for all three aggregates. It 
is unlikely that the test variables would change the relative 
ranking of aggregates that strip and those that do not. However, 
drainage conditions and reheating and remixing would affect 
limiting percentages retained, established to separate stripping 
from nonstripping mixtures. 

Effects of Material Variables 

Stripping is affected by (a) the properties of the asphalt cement 
and asphalt cement content, (b) aggregate mineralogy and 
aggregate size and gradation, and (c) antistrip additives. 

Of the test variables considered, cooling conditions had the 
most dramatic effect on the percent asphalt coating retained. 
Figure 4 shows the effect of cooling conditions, immersed and 
drained; hatched bars represent immersed cooling conditions. 
When the water was poured off immediately after boiling, the 
percentage asphalt retained was 22 percent higher for aggregate 
Al and 28 percent higher for aggregate B3. Those samples that 
were cooled after the water was drained typically appeared to 
have about 50 percent coating retained before the water was 
poured off. After the water was poured off, the aggregate and 
asphalt were still hot (+200°F). This enabled the asphalt to 
recoat the stripped aggregate surfaces, resulting in an 
appearance of 75 to 80 percent coating retained. Although the 
asphalt had been stripped away during boiling, a thinner film of 
asphalt recoated the aggregate and gave the appearance of a 
smaller coating loss. Asphalt Cement and Asphalt Cement Content 

Tests were performed on aggregates Al, B3, and C3 to study 
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FIGURE 4 Effects pf cooling conditions. 

The asphalt cement content was varied with an Ottawa sand. 
The data, plotted in Figure 5, show the effects of asphalt 

TABLE 2 EFFECTS OF REHEATING AND 
REMIXING ON ASPHALT COATING RETENTION 
(%) 

Aggregate Times Mixed 

3/8" #4 1 3 

Al 35 55 

83 55 75 

C3 25 40 
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content on the percent of coating retained. By using a pro
cedure based on the surface area of equivalent spheres, an 
asphalt content of approximately 2.5 percent would be required 
to produce an asphalt cement coating thickness on the Ottawa 
sand equivalent to the asphalt cement coating thickness in the 
mixes. However, in Figure 5, the curve appears to break at 
about 3 percent with a relatively constant percent coating 
retained at higher asphalt contents. Indications are that asphalt 
content has little effect on percent coating retained when suffi
cient asphalt cement is available to provide complete aggregate 
coating. 

This is reinforced by the results shown in Figure 6. There 
was only a small difference in the percent coating retained 
when asphalt contents of 2 and 5.5 percent were used. Using 
5.5 percent asphalt only increased the percent retained an 
average of 6 percent. Based on surface area, less than 1 percent 
asphalt cement would be required to coat the surfaces of the 3/a 
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FIGURE 6 Effects of asphalt content and 
aggregate type. 

in. to #4 material used in these tests. However, visual observa
tions indicated that about 2 percent was required to achieve 
complete coating. This is caused by difficulty in uniformly 
coating the basically one-size material during niixing. The 
procedure followed for selecting asphalt content was to com
pute the required asphalt content for uniform coating of equiv
alent spheres, but to adjust this upward based on visual obser
vation of the mixture during mixing. 

Different asphalt cements have been shown to have different 
stripping resistance. The two asphalts used were similar 
because they were both AC-20 and were produced from 
sources of crude from the Gulf of Mexico. Table 3 gives the 
entire matrix of tests. Within this matrix of data there are 
indications that asphalt cements have an effect on boiling test 
results for certain aggregates. The most significant differences 
in coating retention were for the limestone aggregates. Aggre
gates Al, Bl, and TX were all limestones, and for all gradations 

TABLE 3 SUMMARY OF BOIL TEST RESULTS (%) 

Fraction Total Sample 3/8" #4 A Fine Fraction 
( typ. #40-#80) 

Asphalt 

"' Sample t\ ACl AC2 ACl AC2 A Cl AC2 
(S of Mix ) 

Mix A 70 70 50 40 20 15 

Al (65) 85 50 45 25 45 25 

A2 ( 15) 15 15 -- -- 20 20 

AJ (20) 40 J5 40 JS -- --
Mix B 55 60 40 40 JO 40 

Bl (10) 75 40 50 35 40 30 

82 (20) 80 80 55 55 80 80 

BJ (70) 75 60 45 40 30 JO 

Mix C 95 75 35 40 95 95 

Cl (15) 95 95 -- -- 95 95 

C2 (25) 75 80 -- -- 80 80 

CJ (60) 75 40 25 30 25 25 

TX ·- -- 85 70 75 65 

Note: •• Indicates no data available. 
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the differences in percent coating retained for the two asphalt 
cements were 10 percent or greater. Percent differences equal to 
or greater than 10 percent were also obtained for selected 
gradations from Mix A, Mix B, and Mix C, and for aggregates 
B3 and C3. In all cases ACl had the larger percent coating 
retained 

Aggregate Properties 

In addition to the mineralogy and particle surface properties, 
aggregate size and gradation can influence boiling test results. 
Aggregate Al was tested by using four uniform sizes, the 
+#200 material, and the total gradation. These tests yielded the 
results shown in Figure 7. The percent coating retained varied 
from about 50 percent for the total gradation to about 25 
percent for the four uniform-size materials. 

Additional evidence illustrating the effects of gradation can 
be obtained by examining the data for total samples, 3/8 in. to #4 
fractions, and #40 to #80 fractions in Table 3. Results for total 
samples, which have a wide range of particle sizes present 
(well graded), are consistently higher than those with a narrow 
range of particle sizes present (uniform gradation). 

The difference in pore sizes provides a possible explanation 
for this difference in behavior. In a well-graded mixture, the 
sizes of the voids are likely to be much smaller than in a 
uniform mixture (even for comparable void ratios). Smaller 
voids will result in larger capillary tension in asphalt films, 
making their removal more difficult. In addition, the smaller 
voids may prevent pieces of asphalt cement that are stripped 
from aggregate surfaces from escaping and floating to the 
surface during boiling. If these loose pieces are retained in the 
mix, they will possibly recoat aggregate particles when boiling 
ceases, thus indicating a higher coating retention. 

This behavior is consistent with performance observed 
where open graded mixes have shown considerable stripping. 
Kennedy has also noted that fines have a significant effect on 
stripping (6). 

On inspection of the data in Table 3, it was observed that the 
field performance of aggregate mixtures only correlated with 
boiling test results for the total sample. In Figure 8, test results 

100 
90 

... eo 
• c 70 c; 

• 60 
a:: 

!10 
c; 

'10 .c ... • 30 "" ~ 20 

10 
0 

0 a~ 
... 0 a 

a • ... -.. I 0 .. "' : • • - "' ' CD I I 

' 
... a 

"' • • 
SIH and Gradation 

FIGURE 7 Effects of aggregate size and 
gradation. 

0 
CD • 6 ... 
• 

100 
90 

... 80 • 
" 70 : • 60 a:: 

!10 
a 

40 .c 
:-

30 "' ~ 20 
10 
0 

uu 

"""" Wl1 A Wl1 I 
Good Poor 

-1\1 
uu 

"""" 

que1tlonole 

1trlppln1 

.... c ......... ,. 
Good Fl1ld Perlor111111ee 

FIGURE 8 Correlation of asphalt coating retention 
and field performance. 

97 

for the three mixes are compared with criteria recommended by 
Kennedy (2). 

Mix A, which has good reported performance, retained 70 
percent coating for both asphalts. This is on the boundary of 
stripping and questionable (stripping or nonstripping) mate
rials. The performance reported is consistent with the perfor
mance expected of mixes containing carbonate materials, 
although stripping of limestone has been reported (5). The low 
coating retention is unusual, but may be related to the dense 
dolomitic limestone, which comprises 85 percent of the mix. 
Most of the carbonate stone used in the Texas studies were 
high-calcium limestones. Differences in coating retention 
characteristics of the two materials are given in Table 3, where 
the Texas limestone has about twice the coating retention for 
the 3/e in. to #4 and #40 to #80 fractions. 

Mix B, which has poor performance reported, retained 55 
and 60 percent coating. This is in the range of stripping mate
rials that would require antistrip additives. The performance 
reported and boil test results are consistent with that suspected 
for siliceous, cherty, and porous aggregate. However, based on 
the poor field performance reported, a smaller coating retention 
was expected. Likewise, for Mix A, a larger coating retention 
was expected because of the good field performance reported. 

Mix C, which has good performance reported, retained 95 
and 75 percent coating, respectively, for ACl and AC2. These 
are in the nonstripping and questionable range even though all 
ingredients are siliceous. The good field and boil test perfor
mance may be attributable to the clean, hard, low-porosity 
aggregate. 

Antistrip Additives 

Three antistrip additives were used on each of three aggregate 
mixtures. Boiling test results, with and without additives, are 
presented in Table 4. Mix A responded well to all treatments. 
With additive KB at the 0.5 percent level, Mix B showed only 
slight improvement for ACl, and there was a decrease in 
coating retention indicated for AC2. At the 1 percent level, 
additive KB improved test response for Mix B. Mix C showed 
no improvement with hydrated lime and AC2. With ACl and 
lime, the percent retained for Mix C decreased, which may be 
due to the inert nature of the quartz particles. There may have 
been no chemical interaction and the lime may have acted as a 
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TABLE 4 EFJ.<'~CTS OF Ai'll"TISTRIP ADDITrVES ON ASPHALT 
COATING RETENTION (%) 

ACl AC2 

Antistri p Anti strip 

None HLa BAb KBb KBC None HLa BAb KBb KBC 

Mix A 70 80 95 95 -- 70 90 85 80 --
Mix B 55 70 90 60 85 60 75 90 50 80 

Mix C 95 80 95 95 -- 75 75 95 95 --
Note: a = 1 percent hydrated lime (based on aggregate weight), b = 0.5 percent 
antistrip agent (based on asphalt cement weight), and c = 1 percent antistrip 
agent (based on asphalt cement weight); •• indicates no data available. 

fine coating to reduce the bond between the asphalt cement and 
particle surfaces. 

Summary of Effects of Material Variables 

Jn general, the tests with the two asphalt.cements, three aggre
gate combinations, and three antistripping agents reinforce the 
opinion that the interaction between asphalt, aggregate, and 
additive is material specific and that a change in any one 
component may affect test results. Implications are that mix 
designs must be based on tests of specific materials proposed. 

STRESS PEDESTAL TEST 

The Texas stress pedestal test was performed on aggregate 
mixtures and individual aggregate components by using #20 to 
#35 size material. Those components that had a significant 
amount of material finer than the #35 sieve were also tested by 
using #40 to #60 size material. Both ACl and AC2 were used 
in testing aggregate mixtures, and AC2 was used in testillg 
individual aggregate components. Samples were prepared and 
tested with three antistrip additives. 

Tests on Aggregate Mixtures 

Results of tests on the three aggregate mixtures are presented in 
Table 5. Mix A performed best with ACl, whereas Mixes B and 

TABLE 5 RESULTS OF STRESS PEDESTAL TESTS ON 
MIXES (NO. OF FREEZE-THAW CYCLES TO 
CRACKING) 

Asp ha 1t Field 
Performance 

ACl AC2 

Mix A 15 13 Good 

Mix B 16 17 Poor 

Mix C 15 18 Good 

C performed best with AC2. There is no correlation between 
field performance reported and cycles to cracking. Mix B, 
which has poor field performance reported, required essentially 
the same number of cycles to cracking as Mixes A and C, 
which have good field performance reported. 

Tests on lndlvldual Aggregate Components 

Components of the aggregate mixtures were tested and the 
results are presented in Table 6. All components of Mix A 
required fewer cycles to cracking than the entire mix and are in 
the range of stripping aggregates (less than 10 cycles to crack
ing). Only Bl of Mix B is in the stripping range. Components 
B2 and B3 exceed the nonstripping boundary of 20 cycles and 
are greater than the entire mix. Components C2 and C3 would 
be classified as strippers, but Cl exceeds the 20-cycle bound
ary. 

Considering the proportions of each component in ihc mix-

TABLE 6 RESULTS OF STRESS PEDESTAL TESTS 
ON AGGREGATES (NO. OF FREEZE-THAW CYCLES 
TO CRACKING) 

No. of 
Aggregate Cycles to 

(S Mix) Cracking 

Al (65) 9 

A2 (15) 9 

A3 (20) 9 

Bl (10) 6 

82 (20) >50 

BJ (70) 40 

Cl (15) >50 

C2 (25) 10 

CJ (60) 4 

TX >50 
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TABLE 7 EFFECTS OF ANTISTRIP ADDITIVES ON FREEZE
mAW CYCLES TO CRACKING 

ACl AC2 

Ant1stri p Anti strip 
AGG , 

None HLa BAb KBb KBC None HLa BAb Kbb KBC 

Mix A 15 -- - -- -- 13 >25 >25 11 --

Mix B 16 >25 13 9 9 17 >25 17 6 7 

Mix C 15 -- -- -- -- 18 >25 13 14 --
Note: a = 1 percent hydrated lime (based on aggregate weight), b = 0.5 percent 
antlstrlp agent (based on asphalt cement weight), and c = 1 percent antistrlp 
agent (based on asphalt cement weight); - Indicates no data available. 

ture, there is no apparent correlation between field performance 
of the mixtures and test performance of the individual compo
nents. The results for the individual components provide no 
clue about the relative effect on mix performance. The test 
would not appear to be useful as an indicator of the component 
responsible for stripping. 

Tests with Antistrip Additives 

Three antistrip additives were used on ·each of the three aggre
gate mixtures. Freeze-thaw pedestal tests were performed with 
both asphalts for Mix B, but only AC2 was used for Mixes A 
and C. Test results are presented in Table 7. 

Mix A responded well to treatment with hydrated lime and 
additive BA. With additive KB, Mix A cracked at fewer cycles 
than it did without an antistrip additive. 

Mix B showed improvement over untreated mixtures only 
with hydrated lime. Additive BA had essentially no effect and 
additive KB decreased the number of cycles to failure. 

Mix C also showed improvement over untreated mixtures 
only with hydrated lime. Additives BA and KB decreased 
cycles to failure by about one-fourth. 

CONCLUSIONS 

Conclusions drawn from the results of boil tests and stress 
pedestal tests are as follows. 

Boll Tests 

Nine conclusions can be drawn from the results of the boil 
tests. 

1. Boiling time and agitation have only minimal effect on 
the percent coating retained. 

2. Cooling conditions had a major effect, yielding a much 
higher percent coating retained when the mix was drained 
while hot. This appeared to be due to recoating after drainage. 

3. Asphalt content was found to have only a small effect 
when it was above the minimum required for complete particle 
coating. 

4. The two asphalts tested showed some difference in strip
ping resistance for specific aggregate. This was particularly 
true for limestone aggregate. 

5. Reheating and remixing increased the percent coating 
retained 

6. Aggregate size and gradation proved to significantly 
affect the boiling test results. Tests performed on aggregates of 
uniform size yielded a lower percent coating retained than did 
tests on well-graded aggregates containing fines. 

7. The tests on aggregate mixes with all gradations present 
correlated well with field performance reported. 

8. The antistrip additives tested gave varied levels of 
increased resistance ti:> stripping. Consistent trends in the 
results wer(f noted between mixes, antistripping agents, and 
asphalt cements. This is a positive indicator that the test has 
potential for testing the effectiveness of antistrip agents. 

9. The test results reinforced the belief that the interaction 
between asphalt, aggregate, and additive is material specific 
and that a change in any one component may affect the mixes' 
stripping resistance. Implications are that each combination 
must be tested to assess its stripping potential and that general
izations cannot be made about the stripping potential of par
ticular aggregate or asphalt cement or the effectiveness of 
particular antistrip additives. 

Stress Pedestal Tests 

Three conclusions can be drawn from the results of the stress 
pedestal test. 

1. The laboratory performance of the mixes showed no cor
relation with field performance reported. The stripping aggre
gate mix (Mix B) performed essentially the same as the non
stripping mixes (Mixes A and C). 

2. There was no correlation between the results for individ
ual aggregate components and results for aggregate mixtures. 

3. The antistrip additives gave varied levels of resistance to 
stripping as measured by the stress pedestal test. Hydrated lime 
increased the number of cycles to cracking for all mixes. The 
performance of additives BA and KB was erratic. This indi
cates either that the test is insensitive to the effects of the 
additives or that the interaction of the additives, aggregate, and 
asphalt cement is complex and specific. 
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Review of the Application of High-Pressure 
Liquid Chromatography to Pavements 
A. F. STOCK 

High-pressure liquid chromatography has been promoted as a 
technique for determining the molecular size distribution and 
suggested as a method for determining the composition of 
asphalt cement. However, some authorities have expressed 
reservations about the Interpretation of data obtained with this 
technique. The purpose of this paper is to review the data 
available in the literature to determine the significance of the 
conclusions that can be drawn from it. The literature indicates 
that there are several test parameters that must be carefully 
controlled to ensure lnterlaboratory comparison of results. 
The technique does produce consistent and repeatable results, 
differentiating clearly between asphalt cements from a variety 
of sources. However, correlation between chromatographs, 

Department of Civil Engineering, University of Dundee, Dundee DDl 
4HN, Scotland. 

physical properties, and pavement performance Is currently 
not usable. 

Traditional approaches to the design of pavements have sepa
rated consideration of the asphalt surfacing mix from the 
design of the pavement structure. Modern developments in 
pavement design technology and, in particular, the implementa
tion of mechanistic methodology have highlighted the inade
quacy of this traditional separation and have demonstrated the 
need for a greater understanding of the behavior of asphalt 
mixes. This need has been reinforced by the development of 
new paving technology, such as recycling processes, and by the 
introduction of new products, including specialized additives, 
into the asphalt industry. 




