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The paper deals with problems in Colorado, New Mexico, Utah and
Wyoming resulting from the preferential affinity of many locally
available aggregates for water rather than for asphalt. Surface
raveling and, in extreme cases, softening and complete disintegra-
tion of the bituminous pavement result. The characteristic is com-
monly referred to as "stripping," meaning that the asphalt coating
comes off the aggregate in the presence of water and is replaced
by the water. Itis more pronounced with the lighter types of asphal-
tic materials, such as cutbacks, used in road mixes and has been
one of the principal reasons for the general replacement of road
mixes by hot plant mixes and asphaltic concrete using asphaltic
cements. Even with higher types of pavements the problem is com-
mon enough and serious enough to require the general use of seal
coats, either immediately or after a periodof severalyears. Types
of sealcoats used are described. Another common approach tothe
problem has been theuse of chemical additives and, more recently,
hydrated lime. Their effect and methods of specifying and use are
described.

Early realization of the stripping problem led to the development
of the immersion-compressiontest (AASHO Designation T-165) for
measuring the etffect of water on compacted bituminous mixtures
and of the static-immersion test (AASHO Designation T-182) for
determining the effect of water on coated coarse aggregate particles
(used in surface treatment and seal coats).

The paper is not intended to be atechnical analysis of the chemis-
try or mechanics of the stripping action, nor does it present any
guaranteed solutions. It does, however, point up the extent and seri-
ousness of the problem with the hope that it will stimulate further
research leading to more consistently water-resistant pavements.

eTHE PROBLEM of the effect of water on bituminous paving mixtures is certainly not
limited to the Rocky Mountain area (1, 2). Ideally, water should have no effect onpave-
ment, but all too often adhesion has been reduced between the asphalt and aggregate to
the point that serious "'stripping' has occurred with resultant loss of mat stability and
often severe ''raveling' of aggregate from the surface. Stripping is defined as the loss
of asphalt films from aggregate surfaces in the presence of moisture (2), andraveling
as the loss of aggregate particles in the surface of the pavement—usually caused by
loss of adhesion between aggregate and asphalt. This action is more pronounced inthe
road-mix types but has even occurred to a serious extent in the hot plant-mix and as-
phaltic concrete types. The Rocky Mountain area is generally dryer than other parts
of the country so it might be expected the problem would be less severe than elsewhere.
However, this lack of moisture may well make the effect of water more pronounced
when it does become available. Water has not been available to leach out deleterious
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fines or disintegrate soft particles in natural deposits of aggregates, as is the case in
areas of greater rainfall. Possibly because of this, degradation is common with many
of the aggregates available in the area. Although this degradation seldom increases
plasticity significantly, it undoubtedly helps to reduce resistance of the pavement to
the effects of water.

This problem may be common because of the widespread use of local, on-the-job
aggregate deposits rather than those commercially produced. Specifications have
commonly been written to fit these local aggregate sources rather than to require a
high-quality standard aggregate.

In recent years, especially since the start of the Interstate program, there hasbeen
a general upgrading of specification requirements with the result that some aggregates
formerly permitted are now excluded or, if permitted, are upgraded by improved proc-
essing (as pre-wasting of fines and use of screening equipment which removes and
wastes coatings on the aggregate and breaks down and wastes softer aggregate parti-
cles) or by the addition of mineral filler, asphalt, cement, or hydrated lime. Washing
of aggregates for bituminous construction has not yet come into general use, but as
specification standards become higher and the availability of naturally high-grade
aggregate becomes less, this will be a logical development.

EARLY EXPERIENCE

The early bituminous pavements in rural areas of the Rocky Mountains were nearly
all of the road-mix type using slow-curing road oils and then cutbacks of the MC-types.
It was commonly recognized that these surfaces lacked resistance to the effects of
moisture, and seal coats were used as deterrents. In many cases, however, water
still penetrated the pavement—-probably by capillary action or as water vapor. Excess
water in the mat was a common cause of early deterioration. Observations of certain
pavements in Utah and Colorado in 1949 (3) indicated that all bituminous pavements
containing more than 2 percent moisture failed and that the moisture content increased
as the percentage of minus No. 200 aggregate increased. The maximum allowable
minus No. 200 size appeared to be 12 percent. The tests did not indicate the Plasticity
Index (PI) of the mat aggregate, higher PI values were probably associated with higher
moisture contents with pavement failures.

Although seal coats prevent or retard surface raveling, they have not been effective,
and occasionally have been detrimental, in preventing stripping within the mat. The
general use of seal coats on road-mix mats seems to have carried over into use on hot
plant- mix and bituminous concrete surfaces. Only in recent years has there been any
tendency to leave seal coats off these higher type pavements and often then withreluc-

tance and a common feeling that they will need seal coats within a short time. Too often

this feeling has been borne out.

The seriousness of the problem was first brought forcibly to many people's attention
by an experimental project in Colorado in 1941, Sections of road-mix bituminous sur-
facing using different sources and types of asphaltic materials were constructed with
a local aggregate of quality adequate by the normally accepted standards at that time.
However, all sections quickly showed serious distress with raveling taking place with
the first rain. This necessitated prompt seal coating of all sections, thus obscuring
any differences in the sections. A subsequent laboratory study of the aggregate by the
Bureau of Public Roads Materials Research Division (4) led to the development of the

immersion-compression test (AASHO Designation T-165 and ASTM Designation D-1075).

Even before the Colorado experiment there were some very unhappy experiences
with asphalt stripping. At one time in the mid 30's, open-graded bituminous mat was
tried on direct Federal construction projects. Because most aggregate sources were
gravel, to obtain the 100 percent crushed aggregate required, the natural pit fines were
wasted and the required aggregate was produced by crushing the oversized gravel.

This gave a mat of high mechanical stability, but with high void space. To keep surface
water out, the surface was choked with fines and seal coated. The aggregates were
mainly granitic and although surface water may have been kept out and the surface
looked good, the asphalt soon stripped badly from the coarse crushed aggregate in the’
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lower parts of the mat, and these aggregate particles became coated with water instead
of asphalt. The general opinion at the time was that the seal was ineffective and allowed
surface water to enter and soften the mat. This type of construction was discontinued
in favor of a return to the dense-graded type. However, there is no assurance that
free water actually entered the mat from the surface. The open grading and the much
greater affinity of the aggregate for water than for asphalt created conditions favorable
to the development of stripping. The extreme temperature differentials in the high
mountains could well have led to condensation of moisture in the large void space of
the open-graded mat.

On one of the projects referred to previously, the State used the wasted pit fines to
build a dense-graded road-mix mat on an adjacent project with excellent results. This
doesnot prove that open-graded crushed aggregate mats are necessarily all bad and
dense-graded ones all good, but rather that with hydrophilic aggregates the chances
for moisture to penetrate and cause stripping and softening of the mat are much less
with the denser mixture.

These projects were all built before the days of the immersion-compression test
(AASHO T-165), the static-immersion test (AASHO T-182), or any other commonly
accepted test to measure the effect of water on the aggregate-asphalt combination. In
addition, commercial chemical anti-stripping agents, proprietary products that under
some conditions greatly increase the affinity between asphalt and aggregate in the
presence of water, had not yet come into general use.

IMMERSION-COMPRESSION TEST

For laboratory determination of the effect of moisture on dense-graded hot plant-
mixed bituminous mixtures, many States rely heavily on the immersion-compression
test and design mixtures having a wet stability of 70 or 75 percent of the dry stability.
This ratio generally seems to be a good one for hot-mix or asphaltic concrete, although
it is often difficult to achieve without some stabilizing admixture. Swanberg and
Hindermann (8) recommended a minimum immersion-compression wet-dry stability
of 75 percent. Utah considers the actual wet stability more significant than the wet-
dry stability ratio and specifies a minimum wet stability of 150 psi. Wyoming accom-
plishes this by requiring a minimum dry stability of 250 psi and a wet-dry stability
ratio of 70 percent which gives a minimum wet stability of 187 psi. This approach has
considerable merit because mixtures of rather clean, coarse-graded aggregates often
show a good immersion-compression ratio but may be too low in either dry or wet
stability or density to make the best pavement. Inaddition, chemical additives commonly
reduce the actual dry stability value and increase the wet stability; that is, they bring
the two values closer together, thereby increasing the wet-dry stability ratio. In this
case, the ratio alone does not give a true measure of the nature of the mixture or of
the effect of the additives.

In comparing wet-dry stability ratios, the method of compacting and testing the spec-
imens must also be considered. For example, Colorado compacts the specimens with
a kneading compactor as used for Hveem stabilometer tests. Specimens so compacted
will probably show significantly higher actual stabilities and higher immersion-com-
pression ratios than specimens compacted by the standard double-plunger direct com-
pression method. Some unpublished tests by the Bureau of Public Roads Materials
Research Division show that specimens compacted and tested by the standard Marshall
method have a wet-dry stability ratio of 112 percent of specimens compacted andtested
by the standard T-165 method.

IMPROVED DESIGN AND CONSTRUCTION STANDARDS

In recent years, standards of design and construction of bituminous plant mix and
asphaltic cement have been upgraded in this region so that it is believed they are now
comparable to standards used elsewhere. Minimum compacted densities are 95 percent
of laboratory density (Marshall standard or kneading compactor density) and include
air voids of 2 to 6 percent. Sufficient asphalt is used to fill at least 75 percent of the
voids in the compacted aggregate. Generally, this requires about 6 percent of 85 to 100
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There was no curing period after adding
the hydrated lime. In other cases a
curing period of 2 to 5 days was neces-
sary for the lime to react with the ag-
gregate before mixing with asphalt.
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On one such job, wet-dry stabilities of 43, 85 and 117 percent, without hydrated lime,
with 1 percent hydrated lime and no curing period, and 1 percent hydrated lime with
a 48-hr curing period, respectively, were obtained.

The Bureau of Public Roads usually finds that some additive is necessary to obtain
a wet-dry stability ratio of 70 percent or more. In some cases a commercial chemical
additive is effective, but in others hydrated lime is found to be the more effective addi-
tive. Hydrated lime is also considerably more expensive in the proportion normally
used (1 to 1.5 percent of weight of aggregate) than chemical additives where only 0.5to
1.0 percent of the weight of asphalt is necessary. At these proportions, hydrated lime
adds about $0.45 a ton to the cost of the mix, whereas the commercial chemical asphalt
additive adds about $0.11 a ton. However, if the hydrated lime does the job and the
chemical does not, then obviously the additional expenditure is justified. In such case,
the proper cost comparison is between the added cost of the hydrated lime andthe added
cost of some other aggregate not needing the hydrated lime.

Seal coats cost about $0.11/sq yd or on a 3-in. thick mat about $0.70/ton of mix.
This is more expensive than either the chemical additive at $0.11/ton of mix or the
hydrated lime at $0.45/ton of mix. There is, in addition, no assurance that the seal
coat will always prevent the undesirable characteristics of a hydrophilic aggregate
from manifesting themselves. Moreover, there are so many uncertainties involved in
seal coat construction that the results are somewhat a gamble.

Assuming it has been found that measured by the immersion-compression test, a
chemical additive, hydrated lime, or other additive is effective, field behavior should be
compared with the laboratory tests. Goldbeck (6) did not find much correlation; how-
ever, the Colorado experiment (é) showed good correlation. Whereas it is logical to
expect a mix having a high wet-dry stability ratio to be better than one with a low ratio,
there are other factors affecting the resistance of the mat to moisture and in some
cases they may be of the greater significance and may obscure the action taking place
in the immersion-compression test. If the mat is so dense, so well mixed, or so well
sealed over, either by compaction or warm weather traffic or by a seal coat, that water
does not penetrate it, then stripping, swelling, and loss of stability cannot take place.

If it were possible to be sure of keeping water out of the mat and off its surface, there
would need be no concern with stripping, raveling, or loss of stability. Obviously there
can be no such assurance and, therefore, it is proper to take all possible precautions
to prevent mat damage by water.

Whereas there is no exact correlation between immersion-compression values and
behavior on the road, there are many cases of stripping, raveling, softening of the mat,
and obviously inadequate resistance to the effects of water. The use of chemical addi-
tives or hydrated lime will certainly not eliminate these problems because such mate-
rials cannot compensate for an inadequately designed or constructed mix, but experience
shows they do help.

There are an increasing number of pavements suffering little damage even though
not sealed. However, the proportion of lasting as long as 10 yr or even 5 yr without a
seal coat is not large. Whether all projects sealed actually need sealing is question-
able. The need for sealing is often a matter of personal opinion and some engineers
and maintenance men might say a pavement needs sealing, whereas others, with a dif-
ferent background of experience, might not. Because the need for a seal usually devel-
ops in winter or spring when it is not possible to do anything about it, it isunderstand-
able why some pavements get precautionary seal coats when they might get by without
them.

The first winter is usually the critical time because pavements seem to develop in-
creased resistance to the effect of water with time and warm weather traffic. Thus,
the loss of an additive's value with time might not matter if its value lasted through
the critical early life of the pavement.

LATE-SEASON CONSTRUCTION

As a generalrule, pavementsplaced late in the season require some form of sealing,



105

whereas those placed earlier and subjected to a season of warm-weather traffic before
winter arrives are much more apt not to need sealing. Compaction procedures may
need to be revised for pavement placed late in the season in order to duplicate by rolling
what traffic does to the pavement during warm weather. Logically, this would be an
increased amount of rubber-tired rolling while the mat is still warm. Whereas some
increased rolling might be performed if necessary to obtain the specified mat density,
the specifications do not require any different rolling procedures during cooler parts

of the year. Density alone is not the criterion of a good pavement surface to adequately
resist the effects of water. Warm-weather rubber-tired traffic tends to knead the
pavement surface, resulting in working some asphalt mortar to the surface in much

the same manner as working fresh concrete brings concrete mortar to the surface. It
is doubtful if it is possible to duplicate the effect of warm-weather traffic on pavements
laid late in the season. Asphalt paving material placed on a cold base will cool off
quickly in its lower part, whereas the top might still be too warm to permit heavyrolling.
However, considerable improvement could be made in cold-weather compaction proce-
dures.

SEAL COATS

Not all seal coats are made necessary by the effect of water on the aggregate-asphalt
combination. Many mats become dry and brittle with time, and raveling then starts.
Probable causes of this include weathering or hardening of the asphalt or selective
absorption of the asphalt into absorptive aggregates.

Seal coats used have generally been of the type using a coarse-graded gravel or
crushed rock cover aggregate of about Y- to Ye-in. maximum size applied at about 20
1b/sq yd over an RC cutback used at the rate of about 0.20 gal/sq yd. Most results
have been good, but there have also been numerous exceptions when, because of adverse
weather, uncontrolled traffic, or a stripping type of cover aggregate, the chips have
failed to stick, producing a black, shiny, sticky nonuniform surface (Fig. 2).

Figure 2. Unsatisfactory (excessively rich) seal coat.
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Figure 3. Close-up of plant-mixed seal coat.

In some cases, a sand or sand-gravel cover aggregate has been used, but the results
have generally been less uniform and satisfactory than a regular chip seal, although the
sand or sand-gravel seals have waterproofed the surface effectively.

A third type of seal frequently used when weather is not suitable for applying a chip
or sand seal (as when a mat has been completed late in the construction season) is the
so-called fog seal or black seal. A dilute emulsion, SS-1, or light RC or MC cutback
is used without cover aggregate. The seal must be applied at a very light rateto prevent
a slippery surface. The SS-1 has an advantage in this regard, because it may be diluted
to any desired extent with water to provide a complete, yet very thin, cover of asphalt.
Rate of application is about 0.02 to 0.05 gal of asphaltic residue per square yard.

A fourth type coming into increased use is the plant-mixed seal in which a semi-
open-graded crushed cover aggregate of Ye-in. maximum size is plant mixed with
asphalt cement and spread with a regular paver at about 60 1b/sq yd (Fig. 3). The mix
is quite rich (6 to 7 percent asphalt) and must be mixed at a relatively low temperature
to permit retention of the required thick film of asphalt. As with the mat itself, an
anti-stripping asphalt additive or hydrated lime must often be used to provide adequate
resistance to stripping. As in uncoated cover aggregates used in seal coats or surface
treatments, the need for an anti-stripping agent is determined by the static-immersion
test (AASHO Designation T-182) with 95 percent retention required. Table 2 gives
typical results in this test. Typical grading requirements for aggregate in plant-mixed
seal are as follows:

Passing Ye-in. sieve, 100 percent;

Passing No. 4 sieve, 30 to 50 percent;
Passing No. 8 sieve, 15 to 30 percent;
Passing No. 40 sieve, 0 to 10 percent; and
Passing No. 200 sieve, 0 to 3 percent.

This type of seal, if a large quantity is involved or where the contractor is already set
up for hot plant-mix work, becomes less expensive than the chip seal and is far superior
in appearance and durability.
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STATIC-IMMERSION TEST RESULTS
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to obtain the required 70 percent immersion-
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Another type of seal receiving increasing
acceptance is the so-called slurry seal
using a sand, mineral filler and dilute SS-1
emulsion. This seal is inexpensive, but
the results have not been as consistently
good as the plant-mixed seal described.

When mention is made of seal coating
hot plant-mix or asphaltic concrete pave-
ments, surprise is often expressed by
engineers from other parts of the country—
particularly from farther east—experience
has led them to expect a properly constructed
pavement to have adequate resistance to
water and they, therefore, consider a seal
coat to be entirely unnecessary. Even
allowing for the possibility that some pave-
ments get seal coated unnecessarily, there
still remains a significant difference be-
tween the water resistance of pavements
in the Rocky Mountain area and those in
some other areas. The difference may
arise from difference in materials, in
climate or something lacking in construc-
tion procedures. There are many hydro-
philic aggregates, but then probably this
is true elsewhere as well.

As an example of what States inthe Rocky
Mountain areaare doing about the problem,
Wyoming adopted new design criteria and
specifications for plant-mixed surface for
the 1962 season. The new specifications
require the aggregate to be 100 percent
crushed (including fines), provide a grading
straddling a maximum density curve (0.45
exponential chart, 7), and require a com-
pacted density of at least 95 percent of
standard Marshall (ASTM D-1559). The
design criteria requires a minimum wet-
dry stability ratio of 70 percent for high-
type plant mix, 75 to 85 percent of voids
filled with asphalt, and a net void content

Commonly, hydrated lime must be added
compression ratio.

Probably because of the high mechanical stability of the 100 percent crushed aggre-
gate, some difficulty has been encountered in obtaining the specified 95 percent plus of
Marshall density a very high percentage of the pit material in gravel deposits has had
to be wasted. This is not only expensive, but in some areas there is not enough aggre-

gate available to permit such extravagant use.

Consequently, the specifications have

now been revised to require only 50 percent crushed particles in the plus No. 4 size,
and most of the pit fines will now be used. Admittedly the standards have been thereby
lowered. In many cases, the pit fines contain undesirable portions of the deposit, but
any undesirable characteristics will probably be corrected by the necessity of complying
with the 70 percent minimum immersion-compression ratio.

EFFECT

OF PI

Tests run on four typical Wyoming aggregates by the Bureau of Public Roads showed
that aggregates having PI values of 5 and 6 only gave wet-dry stability ratios of 55 and
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60 percent (using Marshall specimens), whereas when these same aggregates hadtheir
plastic fines removed by washing and replaced by limestone fines, the ratios jumpedto
77 and 86 percent. If the proper minimum wet dry stability ratio is 70 percent using
standard 4- by 4-in. double-plunger compacted specimens tested for unconfined com-
pression, the corresponding minimum for Marshall specimens is 75 percent. Washing
of aggregates for bituminous pavements has seldom been practiced in this area, but
from these tests, it appears to offer one method of improving pavement quality.

The normally accepted limit of 6 PI is proving too high in a great many cases and
the general opinion is that the specifications for plant-mix aggregate should require
the fines to be nonplastic. Even where specifications do not require nonplastic fines,
the 70 percent minimum wet-dry stability ratio requirement makes it necessary to add
hydrated lime in most cases where the pit fines have plasticity, thereby resulting in
nonplastic fines.

FACTORS INFLUENCING IMMERSION- COMPRESSION RESULTS

The tests generally show better results in the immersion-compression test when
heavier asphalts and more asphalt are used. Hydrated lime permits the use of more
asphalt and increases dry and wet stabilities. Wet stabilities with lime are often higher
than corresponding dry stabilities, possibly because of continued reaction between lime
and aggregate fines during the wet soaking period. With some materials, chemical
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additives are as effective as hydrated lime at increasing wet-dry stability ratios, but

tend to reduce the dry stabilities somewhat.

SUMMARY

Bituminous pavements in the Rocky Mountain area have always lacked resistancetothe
disintegrating effect of water. When road mixes were replaced with plant mixes the prob-
lem was reduced, but still existed. Additives—both chemical and hydrated lime--have
helped the situation as have closer quality control of the materials and construction
procedures. Seal coats have been necessary and have helped to compensate for undesir-
able stripping and raveling, but the goal is to so design and construct asphaltic concrete
pavements that they will not need seal coats. So far there is a way to go before reaching
that goal and it is necessary to know just what further changes can be made in design,
materials, or in construction procedures to achieve it. Results are improving, but
there does not yet seem to be any positive, completely effective solution to the problem.
There are indications, however, that considerable improvement in reducing the stripping
and raveling problems can be made by close attention to the following details:

1. Determining in advance by laboratory tests, the probable action of the compacted
paving mixture in the presence of water. The immersion-compression test is recom-
mended for this purpose.

2. On basis of these tests, either eliminating unsatisfactory aggregates, improving
them by screening or washing, or compensating for them by suitable admixtures (chem-
ical anti-stripping additives, hydrated lime, filler or other aggregate sizes to improve
gradation).

3. Following good design procedures for the paving mixtures and maintaining close
construction control (particularly mixing times, temperatures, and compaction proce-
dures, including more concentrated rolling when the mixture is still warm enough for
the rolling to be effective).
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Discussion

ROBERT E. OLSEN, Materials Research Division Bureau of Public Roads. --Mr. Eager
has reviewed the problems associated with the use of local aggregates in bituminous
construction in some of the Western States and reviewed several practices that are
followed in their utilization. The Materials Research Division of the Bureau of Public
Roads has been interested in and has followed State practices in bituminous construction
in these States for several years and on a number of occasions has cooperatedin studies.

A recent study was made to determine the relative quality characteristics of aggre-
gates from four sources in Wyoming. Some of the data collected pertaining to the
physical characteristics of these aggregates are given in Table 3; these include aggre-
gate gradation, sand equivalent test results, liquid limit and PI results on the minus
No. 40 and minus No. 200 sieve aggregate fractions and hydrometer analysis of the
minus No. 200 sieve material.

One phase of the study included the determination of the effect of water onbituminous
mixtures prepared with these aggregates. Test specimens were prepared at previously
determined optimum asphalt contents and tested by the immersion-compression test
for percent retained strength following ASTM Methods D-1074 and D-1075. The im-
mersion period was 4 days at 120 F. In addition, the effects of water on the stability
of 50-blow Marshall specimens were determined for mixtures of the same composition
and using an immersion period of 1 day at 140 F. The same asphalt, an 85 to 100
penetration grade, was used for all mixtures. The results of these tests and related
physical characteristics of the molded specimens are shown in Table 4. A comparison
of the data in Tables 3 and 4 shows increasing percentages of retained strength and
decreasing percentages of volumetric swell with decreasing values of PI of the material
passing the No. 200 sieve and percent clay (material finer than 0.005 mm). To further
evaluate these aggregates and to isolate the effect of clay in the bituminous mixture, a
series of tests was made with most of the naturally occurring dust, or material passing
the No. 200 sieve, removed by washing. Limestone dust was then added in amounts
required to bring the total percentage of minus No. 200 sieve material to one half that
which the respective aggregates originally contained. The asphalt contents of these
mixtures were reduced by 0. 5 percent to insure that the air voids would be high enough
to allow water to enter the molded specimens and that the asphalt film thickness would
not be so great as to pretect the aggregate particles from the effect of water.

The results of tests of mixtures using the washed aggregates are also shown in
Table 4. It will be noted that the level of dry stabilities is lower for the washed aggre-
gate mixtures than the unwashed aggregate mixtures in each case; this, however, should
be expected with the reduced dust and asphalt contents. The percent retained strength




*suswroads TTRUS ;.Ea;

‘uT 1 Aq 4 m:mﬁﬂoommm

8P T0T 6%2°T 9€2°1T 0'¢ (44 8°0 00% L€ 08 0%e‘T 8L9°T 6°9 [4a s €L 181 6%¢ 0S¥ 09

ey L6 80S°T 096°T Ly 7'¢ €1 gg'g 6'¢ L4 O0LS'T ¥P0‘2 g9 9’1 99 26T 682 QLG q

4 98 ¥LO‘T 2921 (184 0°¢ 0T SL'Y £y 09 016  GBS‘T1 L9 e 157 S0T  9%¢ 6g'§ ad

€9 LL 26 2611 8'¢ (14 8T 09°¢G o 4 g6 006  9%9°T 8L 97 LE 26 9¥e 019 d

%) M Lig
% wem faq (% (%) %) m Aig
mMM\wWw n.nmww R oowm> w._omz peppY 3snq quo\ev .?\mv Ao\.mnw Q.An“oﬁ . ?Nonw Aom\vov qug?\%m—:m £} 1sd) LyiSuax .Ao\a.v
: 1°Y (A1) gfIiaRIs Sursseg  OUOISSWIT T DV SPOA Mgy (a1) ghammraess gSPIOA plIOMS U 1S paurelsy Awimmmuuaﬁo.\.wm 2V odA T,
21830133y paysem 91830133y poaysemun
DONINOAM NOYA SHLVOIUDOV HLIM SHUNIXIN SNONINALIA 40 SITIASHA ILSHL
¥ d19dV.L
*mm GO0T0 UBY3F J3urJ qusoasd wox] peqeTnoTRo 9983saffe Tej0% uL,
8 - 9V 9 ”ﬁ s 81 8¢ 96 88 001 6°G (1) 12 0¢ LE €< 8L 06 00T 0D
8 = 1€ o.N 11 4} 12 414 $8 001 6 V1 14 ye 8% €9 G8 ¥6 00T d
e1 9 4 g k4 61 %4 1€ q¢ L8 00T 08 4 LT 0z 14 o7 TL 88 00T Hdd
j¥4 4 82 L' 144 62 9¢ 44 €8 00T 9°L LT 8¢ 68 GS 0oL 78 06 001 d
uoTORI UOTIORIL wu (00 0 Wuw gog 0 WuW ¢OJ0 (¢ WW (g0 WW Qg0 G “OR ) ) . ) ] ) ) ] )
00Z "ON- 0F "ON- ‘-ambm (%) Sirtees 00Z 'ON 08 'ON 0% ON 0Z 'ON 0T ON % "ON ‘Urs, -urz/ -urv/
s, U UBYL, J9UTg 195ed adA,
1d E (9,) eao1g Surssed

(9,) stsTeuy 1ojpwoIpAH

DNINOAM WOHJ SHLVOIYDDV 40 SOLLSIHALOVHUVHO TVOISAHA
¢ ITgVvL



111

10034 G¢
XR
90+
XPR
52
§ .
S X\ P
g
o
2
[}
§ 1
g
g
i
g
g ep
&
[
8
1]
°
g so+ Legendt O Marshall specimens -
| | unveshed aggregate
Q © Compression test specimens -
~ unwashed aggregate
X Marshall specimens - |
washed aggregate
hop
; | | 4 X 4 4
0 ’ 1 2 5

Clay in mixture, %

Figure 4. Relationship of percent clay in bituminous mixtures and percent retained
strength.

of each mixture, however, is from 25 to 50 percent higher than the comparable mixtures
using the unwashed aggregates. This supports the statement that the washing of aggre-
gate may be a logical step toward the upgrading of local aggregates.

Figure 4 shows graphically the relationship of percent retained strength of molded
specimens to percent clay in the respective aggregates. The percent clay in the washed
aggregates is based on the percent passing the No. 200 sieve after washing and the
percentage of material finer than 0.005 mm as determined by the hydrometer analysis

of the original fines. The percent clay in the washed aggregates is, therefore, not
absolutely correct.





