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curacy of the data presented herein. The contents
do not necessarily reflect the official views or
policies of the Federal Highway Administration.
This report does not constitute a standard, specifi-
cation, or regulation,
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Evaluation of Moisture Effects on

Asphalt Concrete Mixtures

THOMAS W. KENNEDY, FREDDY L. ROBERTS, AND KANG W. LEE

Water-induced damage of asphalt concrete mixtures has produced serious
pavement distress, poor pavement performance, and increased pavement
maintenance in the United States as well as in other areas of the world. This
damage is mainly attributable to stripping of asphalt cement from aggregate
and, in some cases, possibly to softening of the asphalt matrix. In an at-
tempt to reduce the magnitude of the problem, various antistripping addi-
tives have been incorporated into asphalt mixtures. Unfortunately, there has
been no way to evaluate their potential effectiveness or to evaluate proposed
aggregate-asphalt combinations to determine their water susceptibility.
Research results that describe how to determine the extent, nature, and
severity of moisture-related damage to asphalt te mixtures used in

pav are pr d. In addition, the causes of mechanisms that cause
deterioration are discussed and related to those mixture and environmental
factors associated with moisture d ge. Included are ions of several
testing techniques used to distinguish between aggregate-asphalt combinations
that are susceptible to moisture damage and those that are not. Test methods
included {a) the indirect tensile test on dry and wet cylindrical specimens,

{b) the Texas freeze-thaw pedestal test, and (c) the Texas boiling test. Re-
sults of these evaluations shuw Lhat both the Texas freeze-thaw pedestal test
and the boiling test can be used to differentiate between known stripping and
nonstripping asphalt mixtures. In addition, the tests can be used to evaluate
the individual components of mixtures to determine which are water sus-
ceptible. A discussion is also presented of the most common treatments con-
sidered for use in alleviating the adverse moisture effects on pavement, adding
antistripping agents or lime slurry, and pretreating stripping-prone aggregates.
It is recommended that the Texas boiling test, which is simple and easy to
conduct, be used for initial short-term screening and the Texas freeze-thaw
pedestal test be used for final and long-term evaluations. However, if the
mixture has high air voids content, it should be evaluated by using the in-
direct tensile test on dry and wet specimens.

Moisture-induced damage of asphalt concrete mixtures
has produced serious distress, reduced performance

and safety, and increased pavement maintenance in
the United States as well as in other areas in the
world. This damage is attributable to stripping of
asphalt cement from aggregate and possibly, in some
cases, to softening of the asphalt cement (l). Un-
fortunately, there has been no reliable way to eval-
uate proposed aggregate-asphalt combinations to
determine their water susceptibility.

In response to this problem, the Center for
Transportation Research (CTR) and the Texas State
Department of Highways and Public Transportation
(TSDHPT) through their cooperative research program
initiated a project to study water-induced damage to
asphalt mixtures in Texas. This study included an
evaluation both of proposed test methods for ascer-
taining the water susceptibility of asphalt concrete
mixtures and of the effectiveness of antistripping
additives,

Several testing techniques were selected to de-
termine whether they could accurately identify as-
phalt mixtures that are moisture susceptible. The
tests finally selected for detailed laboratory eval-
uation and development were (a) the indirect tensile
test on dry and wet specimens, (b) the Texas freeze-
thaw pedestal test, and (c) the Texas boiling test.

The indirect tensile test was developed by
Anagnos and Kennedy (2) and has been used exten-
sively to characterize asphalt materials. The Texas
freeze-thaw pedestal test (3) is based on a proce-
dure suggested by Plancher (4). The Texas boiling
test (5) is a synthesis of the several boiling tests
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used by several state agencies, including one from
TSDHPT.

The test procedures and the findings of studies
to evaluate the effectiveness of these testing tech-
niques are summarized in this paper.

MOISTURE-INDUCED DAMAGE OF ASPHALT CONCRETE MIXTURES

The moisture-induced damage of asphalt concrete mix-
tures may show up in several forms of distress on
flexible pavements. These distresses can be cate-
gorized by the mode of failure as follows (6) :

1. stripping is the physical separation of the
asphalt cement and the aggregate produced by the
loss of adhesion between the asphalt cement and
aggregate surface, primarily due to the action of
water or water vapor. The stripping is accentuated
by the presence of aggregate surface coatings and
smooth aggregate surface texture,

2. Softening is a general loss of stability of a
mixture due to a loss of cohesion caused by the ac-
tion of moisture within the asphalt or asphalt
matrix.

PRACTICES TO LIMIT WATER DAMAGE

Antistripping Additives

puring recent years, various antistripping additives
have been incorporated into asphalt mixtures to re-
duce the magnitude of the stripping problem. Suit-
able additives are blended with the bituminous
binder before the mixing operation. These chemical
antistripping additives act as surfactants and allow
the asphalt in the presence of mechanical agitation
to coat the aggregate particles more evenly and, at
the same time, to displace adsorbed water on or near
the surface of aggregate particles (l).

Tentative test results indicate that additives
may be more successful when applied directly on the
aggregate than when added to the binder (5). How-
ever, blending the additive with the binder is more
economical and is the accepted practice of highway
engineers. Therefore, chemical antistripping agents
are usually added to the asphalt binder at a rate of
0.5 to 1.0 percent by weight of asphalt (5).

In the past, hydrated lime has been used success-
fully as an antistripping additive. Chemically
hydrated lime is a strongly alkaline substance and
has great neutralizing power (7). The calcium from
the lime replaces hydrogen, sodium, potassium, and
so forth, on the aggregate surfaces. This calcium-
rich surface then reacts with a long chain of or-
ganic acids to form water-resistant surfaces (5).
Hydrated lime is usually applied directly on the
aggregate in slurry form. It has been added to' as-
phalt or to the aggregate in a dry form, but in such
applications the results are not as dramatic as
those from slurry applications. Usually 1 percent
lime by weight of the aggregate, never more than 2
percent, is added (7).

Aggregate Pretreatment

Several techniques for pretreating aggregates to
improve the adhesion between asphalt and aggregate
have been developed (5), including the following:

1. Preheating the aggregate to evaporate the
water vapor;

2, Weathering the aggregate in a stockpile to
allow the outermost adsorbed water molecules to be
partly replaced or covered by organic contamination,
such as fatty acids from the air; and

3. Washing the aggregate to remove surface coat-
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ing, especially when the aggregate has a low sand
equivalent value (l).

In addition to these pretreatments, it has been ob-
served that aggregates precoated with asphalt and
salvaged bituminous surface and base materials are
superior to virgin aggregate in resisting water dam-
age (5).

In many cases, the most reliable solution is to
avoid using siliceous and rhyolite aggregates in as-
phalt concrete mixtures, Generally, field experi-
ence has shown that mixtures that incorporate these
aggregates experience the most serious water-damage
problem (1l). When their use is unavoidable, pre-
treatment by crushing has been shown to be an ef-
fective treatment in one Texas district.

TESTS CURRENTLY IN USE

Numerous attempts have been made to develop tests
that aid the engineer in identifying asphalt con-
crete mixtures that are susceptible to moisture dam-
age. Among these are Tex-218-F (method of test for
film stripping), AASHTO T-182-70 and ASTM D1864
(coating and stripping of bitumen-aggregate mix-
tures), and AASHTO T-105-77 and ASTM D1075-75 (ef-
fect of water on cohesion of compacted bituminous
mixtures).

Unfortunately, none of these tests has been suf=-
ficiently reliable to gain general acceptance. A
primary problem has been a lack of correlation be-
tween test results and field performance. Some re-
cent testing techniques that have demonstrated the
potential to detect moisture damage in asphalt con-
crete mixtures are described below. These tech-
niques are evaluated and their results are discussed
later in this paper.

Indirect Tensile Test on Dry and Wet Specimens

Indirect Tensile Test

The indirect tensile test developed by Kennedy (2)
involves loading a cylindrical specimen with static
or repeated compressive loads acting parallel to and
along the vertical diametrical plane. The compres-
sive load 1is distributed through 13-mm (0.5-in.)
wide steel 1loading strips that are curved at the
interface to fit the specimen. This method of load-
ing produces a fairly uniform tensile stress per-
pendicular to the plane of the applied load and
along the vertical diametrical plane that ultimately
causes the specimen to fail by splitting along the
vertical diameter, Estimates of tensile strength,
modulus of elasticity, and Poisson's ratio can be
calculated from the applied load and corresponding
vertical and horizontal deformations.

The test equipment was the same as that used in

previous studies at CTR and included a loading
frame, loading head, and Material Testing Systems'
closed-loop electrohydraulic system to apply load
and to control deformation rate. The loading rate
of 51 mm/min (2 in./min) was applied. The vertical
deformations were monitored by a direct-current (DC)
linear variable differential transducer (LVDT) posi-
tioned on the upper platen, and horizontal deforma-
tions were measured by using a device consisting of
two cantilevered arms with strain gauges attached
(2).
" The properties calculated from the test results
were tensile strength and static modulus of elastic-
ity. To evaluate the effects of moisture condition-
ing on the stripping and nonstripping mixtures, two
additional parameters--tensile strength ratio (TSR)
and modulus of elasticity ratio (MER)--are defined
as follows:
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TSR = STwet/STdry (1)
where
STwet = tensile strength of the wet specimen (kPa)
and
Sp = tensile strength of the dry specimen
dry
(kPa).
MER =E,, ¢(/Esq;y )
where
Esget = modulus of elasticity of wet specimen
(kPa) and
Eg = modulus of elasticity of dry specimen
ary  (kpa)

Moisture Conditioning Methods

To evaluate the changes in engineering properties of
asphalt concrete mixtures when subjected to the ef-
fects of water, specimens were tested in both dry
and wet conditions. Specimens tested dry were cured
at 24°C (75°F) for 2 days before testing. Specimens
tested wet were conditioned by immersing the speci-
men in distilled water at room temperature [24°C
(75°F)1, applying a vacuum, and then subjecting the
specimen to further conditioning as described by
Lee, Kennedy, and Roberts (5) and summarized in
Table 1. All specimens were tested at 24°C (75°F).
The moisture-conditioning technique was developed by
Lottman (8), who studied the loss of basic engineer-
ing properties as an indication of moisture suscep-
tibility of asphalt concrete mixtures.

This testing procedure was slightly modified to
make it possible to evaluate the water susceptibil-
ity of asphalt concrete mixtures based on the re-
sults from a preliminary study conducted at the CTR
{(5). All aggregate combinations weighed 900 g and
were batched by dry weight by using the field job-
mix formula for each mixture, Cylindrical specimens
with a diameter of 10 (4.0 in.) and a height
of about 50.80 mm (about 2.0 in.) were compacted
according to Texas test method Tex-206-F. However,
different compaction efforts were applied to each
mixture to obtain void contents between 6 and 8 per-
cent so that the water could penetrate easily.

Texas Freeze-Thaw Pedestal Test

The Texas freeze-thaw pedestal test (3), although
empirical in many respects, 1is fundamentally de-
signed to maximize the effects of bond and to mini-
mize the effects of mechanical properties of the
mixture such as gradation, density, and aggregate
interlock by using a uniform aggregate size. Three

Table 1. Summary of conditioning procedure for dry and wet specimens.

Transportation Research Record 911
categories of materials can be used in this test.
The category 1s defined by aggregate type and size:

Aggregate Type Interval Between Sieves

Natural No. 20 and No. 35
Natural No. 40 and No. 80
Crushed No. 20 and No. 35.

To perform the Texas freeze-thaw pedestal test,
the proper amount of aggregate is weighed and mixed
with asphalt. After the optimum asphalt content is
determined from the Texas mixture design procedure,
the initial specimen is prepared at the optimum as-
phalt content plus 2 percent, and the asphalt per-
cent is adjusted depending on the absorption charac-
teristics of the mixture or the individual aggregate
being tested.

After initial mixing, the mixture is reheated and
remixed two more times every hour and then cooled to
room temperature for at least 30 min. The mixture
is then heated for an additional 20 min, placed in a
cylindrical mold, and compacted at a constant load
of 27.6 kKN (6,200 1lb) for 20 min. This reheating
and remixing procedure was designed to produce an
asphalt with a viscosity similar to that of an aged
asphalt after 5 years of field service.

Each briquet specimen is cylindrical and has a
diameter of 41.33 mm (1.627 in.) and a height of
19.05 mm (0.750 in.). The briquet is extracted from
the mold and allowed to cool, the height is mea-
sured, and the briquet cured at ambient temperature
for 3 days before being subjected to freeze-thaw
cycling. The specimen is then placed on a stress
pedestal in a jar covered with 12.7 mm (0.5 in.) of
distilled water, placed in a temperature-controlled
room, and subjected to thermal cycling, which con-
sists of 12 hr at -12°C (10°F) followed by 12 hr at
49°C (120°F). At the end of each cycle, the surface
of the specimen is inspected to determine whether
the briquet has failed by cracking. The number of
freeze-thaw cycles required to induce cracking in
the briquet is the test result that is used as a
measure of water susceptibility.

Most aggregate mixtures consist of materials from
several sources that are blended naturally or by the
contractor to satisfy a grading requirement. These
individual components may vary in size, shape, sur-
face texture, and chemical composition. Thus, it is
desirable to first evaluate the mixture and then, if
stripping is detected, -it may also be desirable to
evaluate individual components. In evaluating the
mixture, the individual components should be in-
cluded in the mixture in proportion to their
weight. Another approach would be to include the
components in proportion to their surface area be-
cause stripping is a surface phenomenon. However,
until additional work is done on the importance of
surface area, it is recommended that the components
be proportioned by weight.

Freeze Thaw
Vacuum Soaking Time Tempera- Time Tempera- Time No. of
Procedure Time? After Vacuum ture (°F) (hr) ture (°F) (hr) Cycles Remarks
26VS 30 min 30 min - - - - - -
26VS+SOAK(7) 2 days 7 days - - - - - -
26F/TH 30 min 30 min 0 15 140 24 | Plastic bag for freezing period
26TC 30 min 30 min 0 4 120 4 18 After thermal cycles 54 F
water bath for 3 hr
Dry = 5 = = = i = 2 days at 75°F

Note: All wet specimens are moisture-conditioned after 2 days of dry curing at 75°T.
BA1 specimens 26 in, in height.
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Texas Boiling Test

The Texas boiling test is a synthesis of several
boiling tests used in several state agencies (5).
In the test, a visual rating is made of the extent
of stripping of asphalt cement from the aggregate
after a sample has been subjected to the action of
water at elevated temperatures for a specified
time. The rating is made after the mixture has been
cooled in the beaker and then poured on a clean sur-
face.

To perform the test, the asphalt cement is heated
at 103°C (325°F) for 24 to 26 hr. The unwashed in-
dividual aggregate of 100 or 300 g of mixture is
also heated at 103°C (325°F) for 1 to 1.5 hr. At
the appropriate time, asphalt is added to the aggre-
gate and the materials are mixed manually on a hot
table. The mixture is then allowed to cool at room
temperature for 2 hr.

A 1000-mL beaker is filled approximately half-
full with distilled water and heated to boiling.
The mixture is dumped in the beaker and boiled for
10 min. Any floating asphalt cement is skimmed off
the surface of the water. After boiling, the beaker
is removed from the heat and cooled to room tempera-
ture, the water is then poured off, and the mixture
is emptied onto a paper towel.

The degree of stripping is visually rated by a
panel of three graders. Each observation should be
matched with a rating performed at the end of the
boiling period. The mixture should also be examined
on the day after drying. When dried out, some mix-
tures show evidence of a stripping of the fines that
is not apparent when the mixture is still wet.

Most aggregate mixtures consist of materials from
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contractor to satisfy a grading requirement. Be-
cause these individuval components vary in size,
shape, surface texture, and chemical composition,
the mixture 1is evaluated by wusing the fraction
called for in the job-mix formula used for construc-
tion of the pavement. To have the same asphalt film
thickness on the individual aggregate components,
the standard procedure suggests that the aggregate-
asphalt mixture contain the optimum asphalt for the
design according to Tex-204-F and that the percent-
age of asphalt be increased or decreased by 1 per-
cent depending on the characteristics of the indi-
viGual aggregate.

EVALUATION OF ASPHALT-AGGREGATE MIXTURES

The primary purpose of this investigation was to
evaluate laboratory testing techniques that show
evidence of being able to detect asphalt mixtures
that are susceptible to moisture damage in the
field. The test methods selected and discussed
briefly in the previous section are the indirect
tensile tests on dry and wet specimens, the Texas
freeze-thaw pedestal test, and the Texas boiling
test. The materials selected and test results from
each method are discussed below.

Materials

Aggregates from eight projects were used to deter-
mine whether any of the selected testing techniques
could differentiate between asphalt-aggregate mix-
tures known to strip and those that do not strip.
Of these eight projects, four had previously experi-
enced stripping problems and four had not. The

several sources that are blended naturally or by the stripping mixtures were from the Waco, Lufkin,
Table 2. Location and description of P——
stripping aggregates. Proportion
District Aggregate Type Producer and/or Source (%)
Waco Coarse gravel Waco Sand and Gravel Company 65.0
(Bosqueville pit)
Washed sand Waco Sand and Gravel Company 21.0
(Bosqueville pit)
Field sand Pendeley River Sand, Inc. 14.0
(Pendeley pit)
Lufkin Crushed limestone Gifford-Hill ©27.0
Pea gravel Crocket Sand and Gravel Company 15.0
Coarse sand Midway Material Company 15.0
Local fine sand Dickerson pit 43.0
Houston (Harris County) Gravel screenings Lone Star, Eagle Lake 63.3
Crushed limestone Texas Crushed Stone Company 10.3
Local field sand Harris County 26.4
Yoakum Lone Star coarse aggregate Lone Star, Eagle Lake 43.0
Lone Star Gem sand Lone Star, Eagle Lake 12.2
Styles coarse sand Styles 13.3
Tanner Walker sand Tanner Walker 31.5
Table 3. Location and description of Apgeogate
nonstripping aggregates. Proportion
District Aggregate Type Producer and/or Source (%)
Lubbock Crushed caliche Long pit, Lubbock 100.0
Houston (Galveston County) Crushed limestone Texas Crushed Stone Company 55.0
(Georgetown)
Limestone screenings Texas Crushed Stone Company 20.0
(Georgetown)
Field sand Flora pit (Alvin) 25.0
Austin Crushed limestone Southwest Materials Company 39.0
Crushed limestone Southwest Materials Company 22.0
Limestone screenings Texas Crushed Stone Company 22.0
Local sand Centex Materials (Sheppard pit) 17.0
Atlanta Coarse slag Gifford-Hill 60.0
Slag screenings Gifford-Hill 15.0
Local sand Panola County 12.0

Wilson red sand

Shelby County 13.0
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Yoakum, and Houston (Harris County) districts. The
stripping mixtures contained siliceous river gravel
or sand (see Table 2). The nonstripping mixtures
were from the Lubbock, Houston (Galveston County),
Austin, anpd Atlanta districts. These nonstripping
aggregates were crushed limestone, caliche, and slag
(see Table 3).

The asphalt cements used in the laboratory mix-
tures are the same as those used for the construc-
tion of corresponding pavements. The asphalts con-
sisted of asphalt grades AC-10 and AC-20 produced by
Exxon, Vickers, Cosden, and Texaco.

Test Results and Analysis

The aggregates and asphalt cements were combined in
the proportion used in the field and tested to de-

Table 4. Static indirect tensile test results: unconditioned specimens for
stripping and nonstripping mixtures.

Tenslle Static Modulus

Air Voids Strength, St of Elasticity,
District (%) (psi) Eg (psi)
Stripping Materials
Waco 6.8 5 38,100
Lufkin 10.9 49 28,500
Houston (Harris County) 7.1 50 23,200
Yoakum 5.8 101 55,200
Nonstripping Materials
Lubbock 7.9 75 39,800
Houston (Galveston County) 7.9 66 42,900
Austin 1.3 49 20,100
Atlanta 7 54 22,100
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termine resistance to stripping. The test results
from each technique are analyzed below.

Indirect Tensile Test on Dry and Wet Specimens

The TSR and MER reflect the change in property
caused by the presence of moisture and directly re-
flect tnhe moisture susceptibility of each mixture
(5). Summaries of the individual test results for
each method are given in Tables 4-6.

Values of TSR ranged from 0.16 to 0.91 for the
stripping mixtures and from 0.10 to 1.25 for the
nonstripping mixtures (Table 6). Specimens were
tested after moisture conditioning by using the four
techniques given in Table 1, and the results are
shown in Figure 1 and Tables 5 and 6. 1In general,
test method 26VS appears to be less severe than the
other three test methods. The most severe testing
technigues were methods 26F/TH and 26TC. However,
because of overlap of data, it is not possible to
use these test methods to differentiate between
stripping~prone mixtures and nonstripping mixtures
as shown in Figure 1. This result is contrary to
that reported by Lottman (8) and Epps and others
(9), but it was consistent for all materials tested.

Values of MER ranged from 0.15 to 1.17 for strip-
ping mixtures and from 0.07 to 1.90 for nonstripping
ones. The range of these values is a little wider
than the range of values for TSR but is in the same
general range. As with the TSR results, there is
overlap of results for the various conditioning
techniques, and one technigue could not be singled
out that could consistently be used to differentiate
between stripping and nonstripping mixtures.

TEXAS FREEZE-THAW PEDESTAL TEST

Results from the Texas freeze-thaw pedestal test

Table 5. Static indirect tensile test results: conditioned specimens for stripping mixtures.

Air Voids Content (%)

Moisture  Tensile Static Modulus ~ Wet/Dry Ratio
Moisture Conditioning Before After Content  Strength, of Elasticity, T —

District Technique Conditioning Conditioning (%) St (psi) Es (psi) TSR MER
Waco 4Vs 6.9 7.0 1.8 74 31,400 0.99 0.82
4F/TH 7.0 6.7 2.6 59 24,900 0.79 0.65

4VS+SOAK(7) 7.2 6.8 1.5 78 42,400 1.04 1.11

26VS 7.2 7.0 3.0 54 20,700 0.73 0.54

26F/TH 7.4 8.2 3.9 16 8,800 0.21 0.23

26TC 7.5 7.8 3.3 15 5,800 0.20 0.15

26VS+SOAK(7) 7.6 7.3 3.8 42 35,900 0.56 0.94

Lufkin 4vs 10.6 10.6 0.7 51 27,300 1.05 0.96
4F/TH 10.3 10.5 23 46 22,100 0.95 0.77

4VS+SOAK(7) 10.7 10.8 22 55 24,100 1.14 0.85

15F/TH 11.4 12.6 4.7 21 9,000 0.44 0.32

15TC 11.4 11.8 3:7 29 14,800 0.60 0.52

15VS+SOAK(7) 11.3 11.7 4.2 45 34,100 0.94 1.20

26VS 11.4 11.9 5.4 43 18,300 0.88 0.64

26F/TH 11.4 13.6 6.5 10 4,800 0.20 0.17

26TC 11.4 12.0 52 15 6,900 0.31 0.24

26VS+SOAK(7) 11.7 12.1 58 41 28,300 0.84 0.99

Houston (Harris 4Vs 7.2 7.2 0.6 55 23,600 1.11 1.02
County) 4F/TH 7.2 1.1 2.2 44 18,900 0.89 0.82
4VS+SOAK(7) 6.8 6.8 1.7 49 26,400 0.99 1.14

15F/TH 71 7.3 3.1 24 13,800 0.47 0.59

I5TC | 7.3 7.4 2.8 21 11,900 041 051

15VS+SOAK(7) 6.7 6.4 2.8 43 29,600 0.87 1.28

26VS 7.0 6.9 3.8 45 27,100 091 () 1 4

26F/TH 6.8 7.1 3.8 16 14,800 0.32 0.64

26TC 6.6 6.9 33 12 9,000 0.25 0.39

26VS+SOAK(7) 6.8 7.1 4.2 26 12,100 0.52 0.52

Yoakum 4vSs - - 0.3 103 52,600 1.01 0.95
4F/TH - - 1.3 109 58,800 1.07 1.06

4VS+SOAK(7) - - 1.1 100 45,600 0.99 0.83

26VS 4.7 6.7 2.8 51 13,800 0.51 0.25

267 /TH 4.6 53 23 36 18,900 0.36 0.34

26TC 4.9 5.6 2.0 29 11,500 0.29 0.21

26VS+SOAK(7) 3.9 5e7 3.3 51 28,000 0.50 0.51
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Table 6. Static indirect tensile test results: conditioned specimens for nonstripping mixtures.

Air Voids Content (%)

Moisture  Tensile Static Modulus ~ Wet/Dry Ratio
Moisture Conditioning Before After Content  Strength, of Elasticity, _
District Technique Conditioning Conditioning (%) St (psi)  Eg (psi) TSR MER
Lubbock 4Vs 7.7 = 1.9 88 41,100 1.18 1.03
4F/TH 8.7 12.5 8.0 25 7,500 0.34 0.19
4VS+SOAK(7) 8.1 11.9 72 27 9,500 0.37 0.24
26VS 7.6 8.6 6.8 34 9,800 0.46 0.25
26F/TH 7.1 14.6 10.3 7 2,700 0.10 0.07
26TC 7.2 13.3 7.8 13 5,500 0.17 0.14
26VS+SOAK(7) 6.5 11.0 8.5 22 9,000 0.29 0.23
Houston 4vVs 7.6 7.8 1.2 70 36,200 1.06 0.84
(Galveston 4F/TH 79 8.5 2.8 49 25,100 0.73 0.58
County) 4VS+SOAK(7) 7.8 8.2 2.2 70 34,100 1.06 0.79
15F/TH 6.6 8.7 4.4 24 7,700 0.37 0.18
15TC 6.6 7.6 3.3 33 13,200 0.51 0.31
15VS+SOAK(7) 8.4 9.6 4.8 36 26,700 0.54 0.62
26VS 7.8 8.8 5.0 31 9,900 0.47 0.23
26F/TH T 10.2 6.3 12 5,300 0.18 0.12
26TC 7.9 9.8 5.8 13 6,000 0.20 0.14
26VS+SOAK(7) 8.1 9.5 6.0 30 26,800 0.45 0.63
Austin 4vVs 7.5 7.9 1.4 53 28,500 1.09 1.42
4F/TH 8.2 8.3 3.1 36 16,700 0.73 0.83
4VS+SOAK(7) 7.7 7.6 2.6 §5 23,200 1.13 1.15
15F/TH 8.4 8.5 4.4 29 13,100 0.60 0.68
15TC 8.7 9.0 3:1 30 13,700 0.61 0.68
15VS+SOAK(7) 7.2 7.1 3.6 41 17,100 0.84 0.85
26VS 6.9 9.0 4.3 61 38,200 1.25 1.90
26F/TH 6.6 6.6 4.2 34 17,200 0.69 0.86
26TC 6.6 7.3 3.9 31 15,800 0.64 0.78
26VS+SOAK(7) 7.1 7.2 5.2 44 22,600 0.91 1.12
Atlanta 4vs 74 7.3 1.2 55 22,800 1.02 1.03
4F/TH 9.8 9.9 3.0 57 18,300 1.07 0.83
4VS+SOAK(7) 6.7 6.8 2.2 65 25,200 121 1.14
26VS 7.8 10.1 4.0 61 26,000 1.14 1.17
26F/TH 5.8 6.2 4.0 43 8,500 0.80 0.38
26TC 7.0 7.1 4.0 35 9,600 0.66 0.44
26VS+SOAK(7) 8.3 8.2 Sudl 41 9,200 0.77 0.41

Figure 1. TSR for various moisture conditioning techniques.
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show that the stripping materials cracked in less

than 10 cycles whereas the nonstripping materials
sustained more than 25 cycles to failure (see Figure
2). In fact, several mixtures sustained more than
100 cycles. It has been concluded that the division
between mixtures that strip in the field and those
that do not is probably between 10 and 20 cycles,
If such is the case, the Texas freeze-thaw pedestal
test offers significant potential for use in detect-
ing these asphalt concrete mixtures that may strip
in the field.

In addition to evaluating mixtures, the test has
also been used to evaluate the individual components
of a mixture to evaluate their water susceptibility.

The test results for several individual aggre-
gates are given in Table 7. The gravel screenings
and sands vary in the number of cycles to cracking

Figure 2. Texas freeze-thaw pedestal test results for mixtures that strip in the
field and those that do not.
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from one for the Lone Star gravel screenings to more
than 25 for the Dickerson fine sand. All of the
crushed limestone products exhibited excellent re-
sistance to stripping. However, no pattern was
obvious for the sandy materials.

Texas Boiling Test

The estimation of stripping based on visual examina-
tion of mixtures after boiling is shown in Figure 3
for each of the eight mixtures described in Tables 2
and 3. The mixtures that stripped in the field all
showed more than 35 percent stripping after boil-
ing., The nonstripping mixtures all retained more
than 75 percent asphalt-coated particles except for
the Lubbock caliche.

The Lubbock caliche may be a moisture-susceptible
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Figure 3. Texas boiling test results for mixtures that strip in the field and
thosa that do not.
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Table 7. Freeze-thaw pedestal test results for specimens from stripping mixes.
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material., Test results from project 183 (10) showed
that, if exposed to sufficient water, this material
swelled and showed significant loss of strength,
Because Lubbock is a relatively dry area (1), no
serious stripping has been observed in the field.
However, there have been recent reports that strip-
ping of this caliche has occurred at the lower sec-
tion of an underpass where the water had accumu-
lated. This additional evidence lends credence to
the boiling-test results, which show that the
Lubbock caliche could strip under wet conditions.
Thus, it is currently believed that the division
between stripping and nonstripping mixtures lies
between 65 and 75 percent retained asphalt, as shown
by boiling-test results, If this is the case, the
Texas boiling test offers significant potential for
use in detecting asphalt concrete mixtures that may
strip in the field. Because this test is quicker
and simpler to run than the Texas freeze-thaw pedes-
tal test, it may be more favorable for use in the
field, especially because the boiling test uses a
sample of the full-graded mixture. The boiling test

No. of Cycles to Cracking

Specimen No. Coefficient Mixture
Individual Aggregate of Varia- Proportion
District and Design Mixture 1 2 3 Range Mean SD tion (%) (%)
Waco Waco washed sand 5 7 6 2 6 1.00 16.7 21.0
Pendeley field sand 14 14 14 0 14 0.00 0.0 14.0
Design mixture 8 9 9 1 9 0.58 6.7 100.0
Lufkin Crushed limestone >25 %25 >25 A >25 L = A 27.0
Pea gravel 8 8 8 0 8 0.00 0.0 15.0
Midway coarse sand 5 5 4 1 S 0.58 12.4 15.0
Dickerson fine sand >25 >25 >25 - >2§ — B —~ 8 43.0
Design mixture 9 9 9 0 9 0.00 0.0 100.0
Houston (Harris Lone Star gravel 1 2 1 1 1 0.58 43.3 63.3
County) screenings
Texas crushed stone >25 >25 >25 -2 >25 - " ~ & 10.3
and crushed lime-
stone
Harris County field sand 8 8 8 0 8 0.00 0.0 26.4
Design mixture 2 2 3 1 2 0.58 24.7 100.0
Yoakum Lone Star coarse aggre- 3 3 4 1 3 0.58 173 43.0
gate
Lone Star Gem sand 3 2 3 1 3 0.58 21.6 12.2
Styles coarse sand 4 3 2 2 3 1.00 33.3 13.3
Tanner Walker sand 12 12 12 0 12 0.00 0.0 31.5
Design mixture S S 5 0 5 0.00 0.0 100.0
4Cauld not be calculated,
Table 8. Texas boiling test results for individual aggregates and design mixtures that stripped.
Asphalt Retained After Boiling (%)
Panel of
Asphalt Graders Coefficient
Individual Aggregate Content of Variation Mix Propor-
District and Design Mixture (%) 1 2 3 Range Mean SD (%) tion (%)
Waco Coarse river gravel (9D) 2.3 55 40 25 30 40 15.0 37.5 65.0
Washed sand (9F) 6.3 b 10 5 S 7 2.9 43.5 21.0
Field sand (9E) 6.3 5 1 1 4 2 2.3 98.6 14.0
Design mixture 4.3 50 25 10 40 28 20.2 71.3 100.0
Lufkin Crushed limestone (11C) 5.0 60 60 60 0 60 0.0 0.0 27.0
Pea gravel (11D) 3.0 50 30 40 20 40 10.0 25.0 15.0
Coarse field sand (11E) 7.0 80 65 70 15 72 7.6 10.6 15.0
Fine field sand (11F) 7.0 85 90 80 10 85 5.0 5.9 43.0
Design mixture 5.0 60 40 20 40 40 20.0 50.0 100.0
Houston (Harris Gravel screenings (12B) 23 30 40 40 10 37 5.8 15.8 63.3
County) Crushed limestone (12A) 4.3 80 65 70 15 72 7.6 10.6 10.3
Field sand (12C) 6.3 85 90 175 15 83 7.6 9:1 26.4
Design mixture 4.3 70 50 50 20 57 15 20.3 100.0
Yoakum Coarse river gravel (13A) 3.0 IS 15 10 5 13 2.9 21.8 43.0
Fine river gravel (13B) 5.0 50 45 45 5 47 2.9 6.2 1282
Coarse field sand (13C) 7.0 20 10 5 15 12 7.6 65.1 13.3
Fine field sand (13D) 8.0 90 90 95 5 92 2.9 3.2 315
Design mixture 5.0 70 50 40 30 53 15.3 28.7 100.0
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has also been used to evaluate the individual compo-
nents of these aggregate mixtures to determine their
water susceptibility. Test results for each of the
individual aggregates are included in Tables 8 and 9.

Use of Moisture Tests to Evaluate Materials

The results of this study indicated a possible cor-
relation between the Texas freeze-thaw pedestal test
and the Texas boiling test. Such a relation would
be useful to those agencies that are not equipped to
conduct the freeze-thaw pedestal test and indirect
tensile tests. Even though there is no well-defined
relation between moisture tests, a fair correlation
was observed. Some of the limitations of the test
and a proposed method for using them to evaluate the
moisture susceptibility of asphalt-aggregate mix-
tures are discussed below.

141

Suggested Methodology

Preliminary test results indicate that both the
Texas freeze-thaw pedestal test and the Texas boil-
ing test offer great potential in detecting strip-
ping-prone aggregate-asphalt combinations in the
laboratory. To implement these moisture tests for
field use, a methodology for performing them and
evaluating the results is essential. Figure 4 shows
a flow dlagram that contains a suggested methodology
for the examination of the moisture susceptibility
of asphalt-aggregate combinations. The Texas boil-
ing test, which is simple and uses a sample of the
mixture, is suggested for field control and as an
initial screening test in detecting stripping-prone
mixtures., This test can be performed on specimens
being prepared for use in selecting the mixture de-
sign. If the mixture is identified as highly water

Table 9. Texas boiling test results for individual aggregates and design mixtures of nonstripping materials.

Asphalt Retained After Boiling (%)

Panel of
Asphalt Graders Coefficient
Individual Aggregate Content of Variation Mix Propor-
District and Design Mixture (%) 1 2 3 Range Mean SD (%) tion (%)
Lubbock Crushed caliche (5A) 9.0 70 50 50 20 57 11.5 20.3 100.0
Houston (Galveston Crushed limestone (12E) 5.0 75 85 95 20 85 10.0 11.8 55.0
County) Crushed limestone 5.0 70 60 90 30 73 15.3 20.9 20.0
screens (12F)
Flora field sand (12G) 7.0 75 50 50 25 58 14.4 24.7 25.0
Design mixture 6.0 80 75 95 20 83 10.4 125 100.0
Austin Crushed limestone (141 34 90 90 95 5 92 2.9 35, 61.0
and 147J)
Crushed limestone (14K) 4.4 95 95 99 4 36 2.3 2.4 22.0
Local field sand (14L) 7.4 75 55 70 20 67 10.4 15.6 17.0
Design mixture 5.4 95 95 99 4 96 2.3 2.4 100.0
Atlanta Gifford-Hill slag (19A 5.5 90 95 99 9 95 4.5 4.8 75.0
and 19B)
Panola local sand (19C) 7:5 85 85 95 10 88 5.8 6.6 12.0
Wilson red sand (19D) 6.5 60 60 80 20 67 11.5 17.3 13.0
Design mixture 7.5 80 80 75 5 78 259 3.7 100.0

Figure 4. Suggested methodology for selecting and performing moisture tests.
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susceptible, each component of the mixture will be
examined to determine which component contributes to
stripping., After either eliminating the moisture-
susceptible component or reducing the quantity, the
new mix can be tested to determine whether it passes
the test. This initial screening can probably de-
tect most of the aggregates and mixtures that will
cause problems in the field. However, once a con-
tract has been let and the contractor has selected
matérials for the mixture, a final evaluation is
suggested. ;

In the final evaluation, the mixture that passed
the initial screening is examined by using the Texas
freeze-thaw pedestal test. If tests on the mixture
show adverse moisture effects, the testing should be
expanded to determine which component contributes to
the stripping. After modification of the mixture
design, including perhaps the addition of an anti-
stripping additive or a change in the amount or type
of aggregate in the mixture, the new mix should be
tested again to evaluate the effect of each treat-
ment investigated.

After the final evaluation, it may also be desir-
able to consider the effect of compaction and den-
sity on the potential for moisture damage, espe-
cially if there has been difficulty in achieving
proper field compaction with the aggregates se-
lected. If typical mixtures of these materials show
high air void contents, these mixtures should be
evaluated by using the indirect tensile test on both
dry and wet specimens to evaluate the effect of
water penetrating into the mixture. In a recent
study on I-10 at Columbus, Texas, a mixture that was
a combination of water-susceptible aggregatés showed
no distress because the low air voids kept water
from penetrating into the mix. Two other mix de-
signs composed of similar materials failed dramati-
cally when water successfully penetrated the mixture
(11) . Tests at the CTR indicate that the 26F/TH and
26TC moisture-conditioning technigues most often
provide results that can be used to detect stripping
mixtures,

Limiting Values for Each Test

As noted earlier, based on results in Figure 3 a
limiting retention value of 75 percent is suggested
for use in distinguishing between stripping and non-
stripping mixtures in the Texas boiling test.
Hence, any mixture or individual aggregate should
retain more than 75 percent coated aggregate or
undergo further evaluation.

When a mixture is to be evaluated by using the
Texas freeze-thaw pedestal test, the mixture should
sustain at least 20 cycles or the individual aggre-
gate should sustain at least 10 cycles before it is
placed on the road in a mixture (Figure 2). 1If the
mixture of these materials is usually placed with a
high air voids content, the indirect tensile test on
dry and wet specimens should probably be run.
Lottman (8) recommends a tensile strength ratio of
0.70 or higher to ensure that the susceptibility of
the mixture is not so great as to affect its perfor-
mance, However, for data available in this investi-
gation, there was no single value of TSR that would
permit a distinction between susceptible and non-
susceptible mixtures for all moisture conditioning
techniques. However, for the 26F/TH and 26TC tech-
niques, a TSR greater than 0.5 indicates general
acceptability and is suggested for use at the pres-
ent time.

SUMMARY

Several testing techniques were used to evaluate the
moisture susceptibility of eight Texas asphalt con-
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crete mixtures with known field performance. The
results indicate that both the Texas freeze-thaw
pedestal test and the Texas boiling test were able
to differentiate fairly well between stripping and
nonstripping asphalt concrete mixtures,

It is suggested that the Texas boiling test be
used for a quick evaluation of asphalt-aggregate mix
in the field. Because this test is very severe, it
is suggested that the Texas freeze-thaw pedestal
test be used for final and long-term evaluation of
those mixtures that strip in the boiling test. When
similar mixtures have a high air voids content in
the field, it is desirable to evaluate the mixture
by using the static indirect tensile test.

CONCLUSIONS
General

Both the Texas freeze-thaw pedestal test and the
Texas bolling test are laboratory tests that have
been used to differentiate between asphalt mixtures
that are known to strip in the field and those that
do not strip. However, the indirect tensilé test
results could not be used to differentiate clearly
between stripping and nonstripping mixtures.

Texas Freeze-Thaw Pedestal Test

All four of the known stripping mixtures cracked in
less than 10 cycles, whereas the nonstripping mix-
tures all sustained more than 25 cycles without
cracking. In addition, the individual components
that contributed to the stripping were identifi-
able. Hence, this procedure offers excellent poten-
tial for use in detecting asphalt concrete mixtures
that may be prone to water damage. Furthermore, the
evidence indicates that somewhere between 10 and 20
cycles to cracking is the borderline between strip-
ping and nonstripping mixtures.

Texas Boiling Test

All four of the known stripping mixtures retained
less than 65 percent coated particles, whereas the
nonstripping mixtures, except for the Lubbock
caliche, retained more than 75 percent coated parti-
cles. This caliche material appears to be moisture
susceptible if exposed to sufficient water even
though it generally does not strip in the field.
Hence, the boiling test also offers good potential
for use in detecting mixtures that may strip in the
field. 1In addition, the boiling test offers good
potential for use in field laboratories as a quality
control test. Even though this test can be used to
evaluate the individual components, its best use is
with the complete mixture prepared either in the
laboratory or directly from the plant.

Indirect Tensile Test on Dry and Wet Specimens

Tensile test results for all of the moisture-condi-
tioning techniques do not differentiate equally be-
tween the stripping and nonstripping mixtures. 1In
general, the 26F/TH and 26TC techniques do a better
job of differentiating, but neither of these methods
is as effective as the pedestal and boiling tests.

Use of Moisture Tests to Evaluate Materials

A methodology for using these test methods to evalu-
ate the moisture susceptibility of asphalt-aggregate
mixtures was presented. The Texas boiling test,
which is simple and easy to conduct, is recommended
for use in the initial screening. If a mixture
retains less than 75 percent coated aggregates and
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needs further evaluation, the Texas freeze-thaw
pedestal test should be performed to provide addi-
tional data. if the specimen of mixture fails in
less than 20 cycles, the water-susceptible component
should be identified, the mixture modified, and a
new mix evaluated.

When similar mixtures have high air void content
in the field, they can be evaluated by using the
static indirect tensile test to determine the effect
of those voids on the moisture susceptibility of the
mixtures.,

Treatment to Prevent Moisture Damage

Available techniques for 1limiting water damage to
asphalt concrete mixtures include using antistrip-
ping additives, precoating the aggregates, and in-
corporating design and construction controls to
ensure dense field mixtures., Both the Texas freeze-
thaw pedestal test and the Texas boiling test can be
used to evaluate the effectiveness of antistripping
additives and pretreatment of aggregates with the
antistripping additives (3,5).

RECOMMENDATIONS
Immediate

1. The Texas freeze-thaw pedestal test and the
Texas boiling test can begin to be used to detect
those asphalt concrete mixtures that might suffer
water damage in the field.

2. It is suggested that the Texas boiling test
be used for initial screening.

3. After initial screening the Texas freeze-thaw
pedestal test can be used for final and long-term
evaluation.

4, Potential treatments can also be evaluated by
using either test; however, each aggregate-asphalt
combination should be tested. If any component of a
mixture is changed, the mixture should be rechecked.

Long-Term

Other aggregate mixtures with known field perfor-
mance characteristics should be tested and the re-
sults evaluated to strengthen confidence in using
the Texas freeze-thaw pedestal test and the Texas
boiling test as a means of differentiating between
stripping and nonstripping mixtures.
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