Compaction Studies of Asphalt Concrete Pavement as
Related to the Water Permeability Test

ERNEST ZUBE, Supervising Materials and Research Engineer, Materials and Re-
search Department, Cahfornia Division of Highways

In constructing a stable and durable asphalt
concrete pavement, it is imperative that the
mixture be correctly designed and, during
the laydown operations, be properly com-
pacted. If, in the finished pavement, the
void content is high, particularly if the voids
are interconnected, the entrance of air and
water may adversely affect the service life
of the pavement mixture. To guard against
excessive voids or porosity of the pavement
many organizations specify some minimum
percent relative compaction of the finished
pavement, the percentage of relative com-
paction being measured against some stand-
ardized laboratory procedure. On review of
these time-consuming methods, it became
apparent that a sumpler approach to evaluate
this property of the pavement was desirable.
This paper presents data relating to the void
content of the pavement as influenced by dif-
ferent rolling procedures and also stresses
the importance of having newly laid asphaltic
pavement subjected to traffic before the wet
weather season. A simple test method 1s
presented which measures the porosity of
the pavement and can be used as an aid
during the compaction procedure.

¢ IN CONSTRUCTING a stable and durable asphalt concrete pavement, two important
steps are necessary: (a) the mixture must be correctly designed, and (b) it must be
properly compacted. In the design of the mixture, such factors as gradation of the
aggregate, particle shape characteristics and surface texture, absorption of asphalt
by the aggregate, and optimum asphalt content are important considerations. In the
laydown operations, temperature of the mix, type of compaction equipment, and air
temperature are of paramount importance. K, in the finished pavement the void con-
tent 1s high, particularly when the voids are interconnected, the passage of air and the
admittance of water will adversely affect the durability and ultimate life of the pave-
ment mixture. The entrance of air into a permeable pavement contributes to the rapid
hardening of the asphalt binder primarily through oxidation and evaporation. This fact
has been cited extensively in the literature and needs no further elaboration here (1),
(2), (3). This paper deals primarily with the compaction and its influence on water
permeability of asphalt concrete pavements.

The Materials and Research Department of the California Division of Highways has
collected over the years a great deal of evidence which leads to a rather conclusive
opinion that many asphalt pavement failures are attributable directly to the presence
of excessive amounts of water that entered the pavement structure after construction.
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On breaking a chunk of pavement from many failed areas, colloidal fines were often
found in the intimate part of the mix and particularly in the lower course of the asphalt
pavement. This is caused by pumping action resulting from deflection under heavy
loads. The infiltration of fines from muddy water into small cracks of the pavement
mixture will considerably reduce the cohesion of the mixture and also prevent any
possibility of the cracks "healing” under traffic action during summer temperatures.

It is the general assumption that the permeability of the compacted pavement and its
durability are more or less proportional to the percentage of air voids. This statement
should only be accepted in a general sense. Certain size dimensions of the individual
voids, and the lack of interconnection of the voids could easily produce a pavement of
relatively high void content and a low permeability. In other words, low density and
permeability are not necessarily the same thing. In this case, it is to be expected that
the hardening of the bituminous binder will progress at a relatively slow rate. One
other important phase of the permeability-void-durability relationship which should be
stressed is that the preceding statements are generally true when the same asphalt
and aggregate mixture is used. On the other hand, it should not be overlooked that the
source or method of manufacturing the bituminous binder may far overshadow the effects
of permeability and air voids as far as durability of the pavement is concerned (é, §).

To guard against excessive voids of the pavement, many organizations specify some
minimum relative compaction of the finished pavement, the percentage of relative com-
paction being measured against some standardized laboratory compaction or in some
cases against theoretical density. To determine this relative compaction, it has been
necessary to obtain samples of the compacted mixture by either chipping out blocks or
obtaining a core. Although both methods have been used with some degree of success,
there are definite drawbacks. In breaking out a block, the compacted mixture is very
often disturbed, which may lead to erroneous results in the specific gravity determina-
tion. When obtaining cores by drilling, water is introduced into the specimen and con-
siderable time is required to dry the core at low temperature. This causes some delay
in determining relative compaction results.

After reviewing existing methods, and through the field studies it became evident
that if a physical check on compaction during construction was to be possible, a rapid
method of measuring relative compaction of pavement mixtures was needed. The
purpose of this report is to present the studies as they relate compaction and water
permeability of asphaltic concrete pavements, and to discuss the factors that influence
the permeability during construction and service life of the pavement. A simple test
method is presented which is equally applicable to new or existing pavements.

TABLE 1

PERMEABILITY OF PAVEMENT IMMEDIATELY AFTER CONSTRUCTION®
COMPARED WITH MOISTURE CONTENT IN PAVEMENT
AFTER WINTER RAINS

Permeability Permeability Sample Date Percentage of

Measurement . i Pavement
Date {(ml/min) for Moisture Moisture

Dec 1956 10 March 1957 1 37

10 1.50

15 2 50

35 2.96

55 3 10

105 2.69

112 2.18

170 3 14

610 3,37

aAverage percentage of meisture in paving mixture during construction = 0.2 percent.
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TEST METHOD

In the preliminary studies, it was noted that water poured on a new asphaltic concrete
pavement did not readily wet the surface and very little entered the mix. Later studies
showed that traffic action, together with the presence of dust on the surface tends to
change the interfacial tension relationship, and water will readily enter a permeable
surface during the first rains. The problem of devising a test for permeability of the
surface was solved by the addition of a small amount of detergent to reduce the surface
tension of the water used in the test. On a number of jobs involving a relatively
impermeable base, such as cement-treated base, the values obtained by this method
show good relationship between the permeability and the moisture content found in the
mix following rains (see Table 1).

The test method is detailed in Appendix A. The equipment has been assembled in
a compact kit and is readily portable. The general technique was originally developed
in connection with seal coat studies (6) and has been in use by this department for the
past six years. Briefly, the test is performed by forming a small reservoir by means
of a ""grease ring'' or dam around a previously marked 6 in. circle on the pavement
(Fig. 1a). The ring may be easily placed with a grease gun using ordinary cup grease,
or it may be completely formed in one operation by a special gun. The ring grease is
sealed to the surface by running the finger around the outside edge of the grease. A
special graduated cylinder containing the test solution and equipped with a drain tube
is placed beside the ring, and the operator feeds the solution into the area within the
ring, starting a stop-watch at the start of flow of the liquid from the graduate (Fig. 1b).

Figure 1. Performing permeability test: (a) forming grease ring; and (b) applying water
solution to pavement surface.
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The area within the ring is kept moist during a test period of 2 min. The film of liquid
in the ring should only be thick enough to present a glistening appearance. In other
words, the water is fed in only as fast as it is absorbed by the pavement and the test
is conducted under zero pressure. At the end of the 2-min period the total solution
used is divided by two and the permeability reported in milliliters per minute for a
6-in. diameter circle. The complete test may be performed in 3 to 5 min.

Dense-graded bituminous surfaces that are covered with an open-graded mix may
also be tested by chipping away the open-graded mix, just outside of the 6-in. ring,
down to the dense-graded surface. (A %-in. thick open-graded mix, employing Ys-in.
maximum aggregate, is being placed extensively in California over newly placed dense-
graded asphalt concrete.) The ring of open-graded mix removed is about 7; to 7 in.
wide. This annulus is filled with the grease to form the seal,and the permeability is
determined through the open-graded mix within the area of the ring. It was found
necessary to perform the test in this manner, because removal of all the open-graded
surface with a chisel within the ring area tends to seal the underlying surface with a
glaze of asphalt and results in erroneous readings.

The present practice is to perform tests successively at intervals of 25 ft in the
wheel tracks and at a point midway between. A total of six readings constitute a "set"
for any one area, and the average is then obtained. A series of these sets should be
obtained over the length of the job.

On a multi-lane road, one of the important areas for checking should be between the
wheel tracks in the passing lane. An initially high permeability of a pavement may be
reduced to a satisfactory low value in the wheel tracks by traffic action. However, the
between-wheel-track areas may remain relatively unchanged and water may enter
here, cross-flow through the pavement, on top of the base, and collect beneath the
wheel track areas.

FACTORS INFLUENCING PERMEABILITY OF PAVEMENT
DURING CONSTRUCTION AND SERVICE LIFE

The field studies have uncovered a number of variables that influence the perme-
ability of the pavement during construction and its service life:

Segregation of mix during placing.
Temperature of mix during breakdown rolling.
Temperature of mix during pneumatic rolling.
Weight of breakdown roller.

Tire or contact pressure of pneumatic roller.
Ambient temperature during placing of mix.
Void content of the compacted mix.

Amount of traffic before winter rains.

Pﬁmm»wwn—-

Even though every effort is made to maintain uniform construction procedures,
individual permeability test values may be still quite variable.

On one project the variations in a single load of mix were determined by taking
readings every 5 ft in a longitudinal direction and every 2 ft transversely. This was
performed for three separate loads of mix in different test sections. The average
values for one load of mix in a transverse and longitudinal direction are shown in
Figure 2. The frequency of values for an individual load in each of three different test
sections is shown in Figure 3. The results indicate an increasing spread of values with
increasing permeability, with the spread being greatest for values above the average.

It is necessary to obtain a sufficient number of readings to insure a reliable average
reading, if it is desired to evaluate compaction by the permeability test.

Also, permeability can not be estimated by visual inspection of the surface appear-
ance, with the possible exception of obvious rock pockets. Figures 4a and 4b show the
large variation in permeabilities for the same general surface texture on a particular
project.

The method of placing the mixture may influence the permeability values transversely,
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Figure 2. Variation in average permeability after spreading and rolling a single load
of m1x.

across the lane, as shown in Figure 5. In the normal paving procedure with end dump
trucks, the initial permeability is generally higher in the future wheel track areas,
probably due to some segregation of the mixture near the edges by the lateral distri-
bution device in the paver. However, this is reversed when the bottom dump method
is used. There is apparently a greater amount of segregation in the latter method,
and this is manifested by a higher permeability value immediately in back of the
pickup or conveyer equipment of the paver.

A major factor is the temperature of the mix at the time of breakdown and pneumatic
rolling operations. The results of varying the breakdown temperatures are shown in
Table 2 and Figures 6 and 7. The change in permeability values for base and surface
courses having different gradings and asphalt contents, but rolled with the same
equipment are shown in Figure 6. The reduction in permeability with increase in
breakdown temperature is very definite for both types of mixtures. The importance
of this factor is further indicated by results shown in Figure 7. The average perme-
ability value after completion of high temperature breakdown rolling in Section 2 is
almost as low as the complete rolling schedule in Section 1 where breakdown tempera-
tures were much lower. These results indicate that the permeability test does provide
an indication of the degree of densification during the breakdown rolling operation,
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Figure 3. Variation 1n permesbility after spreading and rolling a single load of mix
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Further reduction in permeability following breakdown compaction may be achieved
by pneumatic rolling. Experience has clearly indicated that traffic action is very
effective in achieving a "'tightening" or ''sealing” of the surface and one reason for
pneumatic rolling is to obtain this during construction. The requirement for pneumatic-
tired rolling in the California Division of Highways 1960 Standard Specifications (Appendix
B) was based on evidence that this form of rolling is an effective way to reduce perme-
ability.

Some typical results of permeability-rolling combination studies obtained under the
1954 specifications are shown in Figure 8. Although an average reduction in perme-
ability is noted with increased rolling, it is not as great as would be expected. Unfor-
tunately, the pneumatic roller tire pressures did not exceed 35 psi. However, on one
project it was possible to boost the tire pressure up to 50 psi and a definite reduction
of about 150 ml per min was attained when compared to the 35-psi tire pressure.
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Figure L. Permeability-surface texture relation:
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TABLE 2

ROLLING STUDIES, PROJECT E

Paving Max, Test Average Avg, 24-Hr
Date Mix Sect, Lane Course Type of Rolling Rolling Perm,
Type (in.) Temp. (°F) {ml/main)
June 21/2 A Passing Base Breakdown, 1 coverage, 278
1960 finish with tandem 160 227
B Travel Base Breakdown, 1 coverage, 298
finish with tandem 168 162
B-1 Travel Base Breakdown, 1 coverage, 281
pneumatic, 1 coverage, 176
finish with tandem 155 155
B-2 Travel Base Breakdown, 1 coverage, 289
pneumatic, 3 coverages, - 168
finish with tandem 155 135
3/4 1 Passing Surface Breakdown, 1 coverage, 218
finish with tandem 163 352
1-1 Passing Surface Breakdown, 1 coverage, 215
pneumatic, 1 coverage, 174
finish with tandem 138 183
1-2 Passing Surface Breakdown, 1 coverage, 214
pneumatic, 3 coverages, 164
finish with tandem 142 147
2 Travel Surface Breakdown, 1 coverage, 243
finish with tandem 160 179
2-1 Travel Surface Breakdown, 1 coverage, 254
pneumatic, 1 coverage, 166
finish with tandem 152 136
2-2 Travel Surface Breakdown, 1 coverage, 250
pneumatic, 3 coverages, 164
finish with tandem 139 77

61
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Figure 6. Effect of breakdown temperature on permeability, Project E.
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Table 3 gives more recent permeability values obtained with varying pneumatic
contact pressures and varying breakdown and pneumatic rolling temperatures. It
appears that the most benefit from pneumatic rolling is obtained when the contact
pressures and temperature of the mix are fairly high and when the permeability after
breakdown is in the 100- to 400-ml per min range.

The California Division of Highways has been concerned during the past two paving
seasons with the problem of '"pick up'" and "'sticking’ of the mix to the tires of the
pneumatic roller and has found it necessary on a number of jobs to reduce rolling
temperatures in order to avoid this problem and the resulting unsightly appearance of
the surface. The addition of small quantities of water-soluble oil to the roller water
has somewhat alleviated this condition but it seems imperative, that some means be
found for preventing this problem with pneumatic rollers if the maximum benefit is to
be attained from this method of compaction.

The workability of the mix and degree of compaction will depend not only on field
conditions but also on mix design variables such as asphalt content and aggregate
grading. Both will influence the permeability values. The differences between 4.5 and
5.5 percent asphalt on the same grading are shown in Figure 9. Of course, the proper
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Figure 9. Aversge permeabllity values of section containing different asphalt
contents, Project N.



TABLE 3
PERMEABILITY VALUES
Perm, Reduction
. Pneumatic | 3. by
Project Section olling Temperature (°F) Contact After Pneumatic Remarks
Pattern Press, 2 Rollin Roll
4 olling
Breakdown Pneumatic Finish (pe1) (ml/min ) (%)
H 1 Breakdown + 187 -- 107 -- 156 -
fimish

2 Breakdown + 220 128 115 68 113 28 Breakdown and pneumatic
pneumatic + temperatures low,
finish pneumatic contact pressure

high
220 178 115 68 77 51 Breakdown temperature
low, pneumatic temperature
and contact pressure high
I 1 Breakdown +
fimish 278 -- 140 -- 64 --

2 Breakdown +
pneumatic + Low permeability after
finish 263 188 131 62 46 28 breakdown

J 1 Breakdown +
finish 253 -- 130 -- 386 -

2 Breakdown + Breakdown and pneumatic
pneumatic + temperatures high,
finish 245 163 130 76 143 63 pneumatic contact pressure

high
K 1 Breakdown +
finish 235 -- 135 -- 628 --

2 Breakdown + Breakdown and pneumatic
pneumatic + temperature low,
finish 235 135 135 34 507 19 pneumatic contact pressure

low; permeabilaty high
L 1 Breakdown +
finish 250 -- 140 -- 288 -

2 Breakdown + Breakdown temperature
pneumatic + high; pneumatic temperature
finish 250 143 140 39 228 21 and contact pressure low

M 1 Breakdown + 243
finish -- 140 -- 149 --

2 Breakdown + Breakdown temperature
pneumatic + high; pneumatic tempera=-
finish 255 140 115 64 59 60 ture low; contact pressure

high

2From Broe chart,

(44
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asphalt content must be based on consideration of a number of factors and is limited
by the stability requirements. In the case of noncritical mixes the asphalt content is
limited by necessary safeguards against possible future '"flushing'" of excess asphalt
to the surface, thus providing a skid hazard.

It is logical to assume that the percentage of voids and the relative compaction should
be related to the permeability values immediately or shortly after construction. As
pointed out earlier, the permeability is greatly influenced by the number of intercon-
nected passageways in the pavement and these will vary depending on factors involved
in design and construction. Further, the "sealing'’ of the surface by pneumatic rolling
and traffic action may markedly reduce the permeability measured after the breakdown
pass while not materially reducing the total void content of the pavement.

The relation between void content and permeability was measured on a series of
jobs by determining the permeability 24 hr after completion of rolling. Cores were then
removed from areas of different permeability values and the density and percentage of
relative compaction were determined, with 100 percent relative compaction assigned
to a laboratory compacted specimen. Results are shown in Table 4 and Figures 10 and
11. The curve for the void-permeability relation indicates that there is no serious

TABLE 4

FIELD PERMEABILITY, VOID RELATIONSHIP FOR
SOME INDIVIDUAL PROJECTS

Perm. % %
Project Type of Mix (ml /min) Relative Voids
Compaction
N Type A-3/4'" Max. 200 97.4 8.8
4. 5% Asphalt 230 97.0 9.0
510 93.5 12 3
Type A-3/4" Max, 30 98,3 4.5
5. 5% Asphalt 70 97.0 58
250 93.2 9.5
250 94,5 8.2
550 92,8 10.1
G Type A-3/4" Max, 15 98,3 50
5. 2% Asphalt 15 99. 6 3.5
35 98.3 5.0
35 100.0 3.3
40 98.3 5.0
50 98.8 4.5
55 97.4 5.8
70 97,4 5.8
80 97.9 5.4
o Type B-3/4" Max, 150 96, 4 9 6
4.3% Asphalt 175 96,0 10.0
175 94, 2 11. 6
195 93.8 12,1
210 94.2 11. 6
300 94,2 11.6
H Type B-3/4" Max, 55 95,0 8.9
5.0% Asphalt 150 93.3 10 6
190 93,7 10,2
265 91.1 12. 6
340 93.4 10.1
520 90,3 13. 4
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change in permeability up to about 10 percent voids. However, even small increases
in void-content above this figure show a marked increase in permeability. A similar
?‘elationship is found when the percentage of relative compaction, falls below 94 percent
Fig. 11).

As shown later, the permeability of pavements laid during the summer paving season
show a marked decrease due to traffic action. This decrease is not accompanied by any
pronounced reduction in void content since only the uppermost portion of the surface
course is ""sealed'” by this action. However, pavements laid in the late fall cannot be
expected to ""seal'* before winter rains. The void-permeability curve clearly indicates
that excessive water may enter the pavement if compaction procedures during construc-
tion are not effective in reducing the void content to a safe level.

There is a reduction in permeability during at least the first 24 hr after completion
of rolling (Fig. 12). This is best accounted for on the basis of ""cold-flow' of the binder
because the test section was not subjected to any traffic. It is reasonable to infer that
a number of original interconnected passageways are sealed at different points by the
slowly continuing movement and adjustment of the asphalt binder.

The importance of traffic action is shown in Figure 13. This striking reduction in
the permeability of all areas of the roadway to a very uniform and low level has been
found on a number of jobs paved during the early summer and subjected to traffic
during warm weather. In contrast on another job, construeted in December, no
reduction was found in the initially high permeability values until the following summer.

During the late fall and winter paving, the lower atmospheric temperatures are a
definite handicap in attaining proper compaction. Even elevated mixture temperatures
and immediate traffic action will not satisfactorily knead or seal the surface of the
pavement to prevent entrance of water. Increasing the mixing temperature may have,
in some cases, an immediate effect on the compaction, but at the same time may
harden the bituminous binder sufficiently to effect a marked lowering of the service
life of the pavement. Table 5 shows permeabilities obtained during paving operations
in September and October-November on the same project. The September perme-
abilities average about 47 ml per min against 371 ml per min for the October-November
values.

An interesting illustration of the change in permeability of a pavement laid in the
early winter season is shown in Figure 14. This pavement was laid during low atmos-
pheric temperatures and was not subjected to traffic until the following spring. The
pavement was laid over a virtually impermeable cement-treated base. In February
1958 after a series of storms an over-all drop in permeability was noted from that found after
fog sealing. This was most likely caused by entrance and entrapment of rain water
within the pavement and was further confirmed by the gain in permeability values after
a period of dry weather. The increase was probably caused by evaporation of pavement
moisture. A decrease in permeability values occurred after opening of the pavement
to traffic.

The Materials and Research Depart-
ment of the California Division of High-
ways has consistently maintained that
cold and inclement weather is the most

TABLE 5
AVERAGE PERMEABILITY VALUES

FOR A PAVEMENT CONSTRUCTED
DURING CHANGING CLIMATIC

CONDITIONS
Atmospheric
Paving Temperature Range Permeabulity
Date During Paving (ml/min)
Max, Min,

Sept 87 51 47
Oct

. 56 35 371
Nov,

adverse factor affecting success or fail-
ure during the placing of any type of bitum-
inous pavement or seal coat.

Based on California weather conditions,
particularly in the northern part of the
State, the following tentative schedule has
been suggested for placing bituminous
pavements or seal coats:

1. Seal coat construction using emulsi-
fied asphalts should be terminated by
September 15.

2. Seal coat construction using cutback
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asphalts of the rapid curing type may be extended until October 15.
3. Asphaltic concrete mixes, both open and dense graded may be placed until
December 1, although a November 15 deadline would be preferable,

The studies have shown that the normal fog seal (application of 0.05- to 0. 10-gal
per sq yd mixing emulsion diluted one to one with water, on completion of paving
operations) will only be effective in sealing a pavement if the original permeability is
fairly low. Figure 15 shows the reduction in permeability by the application of a fog
seal. (Readings were obtained before and after fog sealing at identical spots.) The
permeability after fog sealing tends to parallel the original curve. It is logical to
assume that passageways with relatively large diameters will not be sealed by the
application of a small amount of asphalt; therefore, in areas of high permeability no
real improvement will be noted.
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Figure 14. Change in permeability values caused by increase and decrease of pavement
morsture and traffic compaction, Project N.
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PERMEABILITY —ML. PER MIN.

On the other hand, a slurry seal or screening seal coat reduces the water perme-
ability sufficiently and virtually renders the pavement impermeable (see Table 6 and
Fig. 16). Present data indicate that such seals completely prevent the entrance of
surface moisture. Unfortunately, it is very difficult to attain a satisfactory job with
either of these types of seal coats during cold or rainy weather although during this
paving period newly laid pavements are most in need of some form of sealing.

TENTATIVE LIMITS FOR PERMEABILITY

A tentative average water permeability value not exceeding 150 ml per min for a
6-in. diameter area will be low enough to prevent the entrance of excessive moisture
into the pavement from the surface. On the basis of the studies it is concluded that
it is not feasible or even advisable in all cases to attempt construction of a completely
impermeable asphalt pavement because to do so would in many instances require
sacrificing other qualities of importance equal to the water problem. The objective is
to reduce the potential for water infiltration to a minimum through properly designed
mixes and practical construction methods. The permeability test is a useful tool in
attaining this desirable end result.

The figure of 150 ml per min is a relative test figure only and indicates the ability
of the newly compacted or existing pavement to accept water. Once the voids in the
pavement are filled with water the amount of any additional water admitted depends on
the permeability or porosity of the base material.




TABLE 6

REDUCTION IN PERMEABILITY VALUES FOLLOWING APPLICATION
OF SLURRY SEAL, PROJECT Q
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New Pvt,

Permeability (ml/main)

Test 3
Condition Station Thickness Travel Passing
Shldr. O W, T, BWT, BWT, OWT,
New Pvt, 603 +00 2n 310 70 110 270 -
immediately 603+25 - 100 130 140 --
after 604400 260 90 90 320 --
const 606+50 230 90 100 270 --
Nov, 1957 608+00 400 270 340 320 -
Avg. 300 124 154 264 --
589400 3 -- -- -- 700 --
590+00 -- -- 500 480 --
591+00 -- -— 320 440 --
591+89 -- -- 400 500 --
592+00 -- -- 420 490 -—-
593+00 -- - 360 -- --
593+50 -- - - 500 -
594+00 -- -- 360 350 -—-
Avg, -- -- 393 494 --
596400 4" -- -—- 250 -- -
597+00 -- -- 230 - -
598+00 -- - 500 - -
599+00 -- -- 350 - -
600400 -- -- 750 - -
601+00 -- -- 440 -- -
Avg, -- -- 420 -- --
New Pvt 604+00 2n -- 10 10 10 --
plus Slurry 604+25 -- 10 10 10 --
Seal 606+00 -- 10 10 10 -
immediately 606+50 - 10 10 10 --
after Avg, -- 10 10 10 --
completion 593+50 3n - 10 10 10 --
Nov 1957 593+75 - 10 10 10 -
Avg. - 10 10 10 -
598+00 4" -- 10 10 10 -
598+25 -- 10 10 10 -
Avg. -- 10 10 10 -
New Pvt 6041400 2 -- -- - - -
plus Slurry 604+25 - - - - .
Seal, Feb, 606+00 -- 10 10 20 10
27, 1958 606+50 -- 5 10 15 10
18" rain Avg, -- 7.5 10 17.5 10
593+50 3 - 10 10 20 15
593+75 -- 15 10 10 15
Avg -—- 125 10 15 15
598+00 4" -- 10 20 20 15
598+25 -- 10 10 10 15
Avg. -- 10 15 15 15
New Pvt 593450 3n -- 10 10 10 10
plus Slurry 593475 -- 10 15 15 10
Seal Avg. -- 10 12.5 12.5 10
May 28, 606+50 2" -- 10 10 10 —
1958 606+75 -- 5 10 15 --
Avg. -- 7.5 10 12.5 --
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Figure 16, Reduction 1n permeability values following application of slurry seal coat,
Project Q.
CONCLUSIONS

A simple and rapid test method for measuring the tendency of surface water to enter
an asphaltic pavement has been developed. This test can be used during actual construc-
tion to give an indication as to the effectiveness of compaction operations.

The results of field studies clearly indicate that pavements, even of the so-called
dense-graded mixtures, have been constructed that are quite permeable to the entrance
of surface water. This water may contribute to possible failure of the pavement by
acting as the agent for transporting base dust and clay fines into the interstices of the
pavement mixture, and this action may contribute to the rapid hardening of the binder,
especially in the lower part of the pavement,

Field tests indicate that adequate compaction, together with some form of pneumatic
rolling, are very important factors in reducing pavement permeability. Also, perme-
ability may continue to decrease immediately after construction and will definitely
decrease for pavements laid during the normal paving season when subjected to traffic
during the summer months. On the other hand, pavements laid during the late fall or
winter must rely on adequate initial compaction because no further decrease in perme-
ability may be expected before the following summer. Bituminous pavements or seal
coats should not be placed in the late fall or during the winter months.

Fog seals will decrease the permeability but will not prove effective if the initial
permeability is very high. Slurry seals and screening seal coats effectively reduce
the permeability value to a very low figure.

Some of the early studies involving relatively permeable surfaces were conducted
on pavements constructed under the 1954 California standard specifications. As the
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result of these studies the 1960 standard specifications carry more rigid requirements
for temperature control and additional compaction equipment.

The 1960 and 1961 studies on a considerable number of projects show a marked
decrease in permeability values and void content of the mix. This of course, should
provide better durability for the bituminous binder with a resulting longer service life
for the pavement.

ACKNOWLEDGMENTS

The investigations described herein were conducted under the general direction of
F. N. Hveem, Materials and Research Engineer, California Division of Highways.

The writer wishes to acknowledge the help and full cooperation of the many resident
engineers on whose jobs these investigations were carried out. Special acknowledgment
is due John Skog, Merle Nelson, Glenn Kemp, and Rufus Hammond, who were active
in the field and collected much of the data.

REFERENCES

1. Ekse, M., and Zia, Z.T., "Field Measurement of Air Permeability for Control
of Bituminous Material Construction." Proc. AAPT, 22:44 (1953).

2. McLaughlin, J,F., and Goetz, W. H., "Permeability, Void Content and Durability
of Bituminous Concrete." HRB Proc., 34:274 (1955).

3. Hein, T.C., and Schmidt, R.J., "Air Permeability of Asphalt Concrete." Pre-
sented at the ASTM Meeting, Atlantic City (June 1961).

4. Hveem, F.N., Zube, E. and Skog, J., "Progress Report on the Zaca-Wigmore
Experimental Asphalt Test Project." Presented at Third Pacific Area
National Meeting of ASTM, San Francisco (Oct. 11-16, 1959). Symposium
on Road and Paving Materials. ASTM Publ. No. 277,

5. Zube, E.), "Asphalt Test." California Highways and Public Works (May-June
1961).

6. Zube, E., "Seal Coats— Laboratory Contribution Toward Better Performance. "
HRB Bull. 215 (1959).





