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PERMEABILITY OF SUPERPAVE MIXTURES: EVALUATION OF FIELD
PERMEAMETERS

L. Allen Cooley, J.

CHAPTER 1- INTRODUCTION
BACKGROUND

Within the hot mix asphdt (HMA) community, it is a generaly accepted notion that the proper
compaction of HMA pavementsis vitd for a stable and durable pavement. For dense-graded mixtures,
numerous studies have shown that the initiad in-place air void content should not be below
approximately 3 percent or above gpproximately 8 percent (1). Low air voids have been shown to lead
to rutting and shoving while high void contents are believed to dlow water and air to penetrate into the
pavement resulting in an increased potentid for water damage, oxidation, raveling, and cracking (1).

In the past it has been thought that for most conventiona dense-graded HMA, increasesin in-
place ar void contents have meant increases in permeability for pavements. Zube (2) performed an
ingghtful study during the 1950's and early 1960's that indicated dense-graded HMA pavements
become excessvely permegble to water at approximately 8 percent air voids. This was later confirmed
by Brown et. d. (3) during the 1980's. However, due to problems associated with Superpave designed
mixtures in FHorida, the Sze and interconnectivity of the air voids within the pavement have been shown
to greetly influence the permesbility of HMA pavements (4). A study conducted by the Florida

Department of Trangportation (FDOT) indicated that Superpave mixtures designed on the coarse side

1 Respectively, Associate Director and Senior Research Associate, National Center for Asphalt
Technology, Auburn University, Alabama.
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of the redtricted zone can be permesble to water at air void contents below 8 percent. As part of this
study, the FDOT developed a laboratory permeability device utilizing afalling head concept for cores
cut from HMA pavements. FDOT aso developed a standard method of test for this laboratory
permeameter (5).

The question that arises as aresult of the experiences of FDOT is“Why are the coarse-graded
Superpave mixtures more permeable than conventiona dense-graded mixtures?” The probable answer
to this question is that the coarse-graded Superpave mixtures have a different void structure than the
dense-graded mixtures used prior to Superpave. The 1990 Georgia Department of Transportation
gradation band for an “E” mix had as the lower gradation control point on the 2.36 mm (No. 8) Seve
44 percent passing (6). Under the Superpave definition of nomina maximum aggregate sze (NMAYS),
this particular mixture would have been either a19.0 or 12.5 mm NMAS depending on the exact
gradation. The Superpave coarse-sde control point for a 19 mm nomina maximum aggregate Sze is 23
percent passing while for the 12.5 mm nomind maximum aggregate Size it is 28 percent passing. These
vaues show how much coarser Superpave mixtures can be than those used in the past.

Since the Superpave mixtures are typically coarser, it would be expected that the air voids
within the Superpave mixtures are larger in Size than the conventiona dense-graded mixturesif both are
compacted to the same air void content. Since the voids are larger, the chance for interconnected voids
isincreased. Thus, it would be expected that the Superpave mixtures would have the potentid to be

more permeable.
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PROBLEM STATEMENT

During the last year dl of the states within the southeast have placed Superpave designed
mixtures. Most have been on the coarse side of the restricted zone. Several states have expressed
concerns that the Superpave designed pavements are more permesable than pavements previoudy
designed with the Marshdl hammer.

Asaresult of the work performed by the FDOT, alaboratory permeability deviceis now
available to evaduate the permesbility of HMA pavements. However, thistest is essentialy a destructive
test since cores must be cut from the roadway. If afield permesbility device could be found that can
provide accurate and repeatable results, it would negate the need for cutting cores. A device of this
nature would aso dlow for correctionsin pavement congtruction to be madein the field if permesbility
vaues are too high. Therefore a study is needed to evauate severd different field permeameters and to

select and standardize afidd permesability device.

OBJECTIVE
The objective of this study was to evauate four field permeameters and select the best device
based on correlation with |aboratory permeability test results, repeatability, and ease of use. A standard

test procedure associated with the selected permeameter should aso be developed.

SCOPE
To accomplish the objective of this study, three congtruction projects were visited. At each of

the projects, field permeahility tests were conducted on compacted HMA pavements using different
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field permeameters. Each of these projects was new construction. Also at each of the projects, cores
were obtained from which the laboratory permesability was determined. In order to sdlect and
standardize one field permeameter, the data from each project was analyzed to determine which
permeameter correlated best with the accepted laboratory permeameter, which one was the most

repeatable, and which one was easiest to use.
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CHAPTER 2- LITERATURE REVIEW
INTRODUCTION
Permesgbility can be defined as the ability of a porous medium to tranamit fluid. For this study,
the porous medium is HMA.. This chapter presents brief discussions on the theory of permesgbility,
factors that can influence permeability, the results of previous research on permesbility of HMA

pavements, and potentia problemsin measuring the in-place permesbility of HMA pavements.

THEORY OF PERMEABILITY
Over one hundred years ago, a French waterworks engineer named Henry Darcy investigated
the flow of water through clean sands. Based on hiswork, the fundamenta theory of permegbility for
soils was established. He showed that the rate of water flow was proportiond to the hydraulic gradient
and area of asample by:
Q=kiA Eq. 2.1
where: Q =rate of flow
k = coefficient of permeghility (generdly cdled permesahility)
i = hydraulic gradient
A =total cross-sectional area
The hydraulic gradient is a very important concept when eva uating permeshility. It can be
defined as the head loss per unit length. The head loss increases linearly with the velocity of water
transmitted through amedium as long as the flow of water is laminar. Once the flow of water becomes

turbulent, the relationship between head loss and velocity is nonlinear. Thusin aturbulent water flow

condition, Darcy’slaw isinvdid (7).
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In Equation 2.1, permeability isamateria property which describes how water flows through
the materid. In using the equation, severa assumptions are made and include:
1. A homogenous materid;

2. Steady date flow conditions;

3. Laminer flow;
4, Incompressible fluid;

5. Saturated materid; and
6. One dimensiond flow.

Two generd gpproaches are used to measure the permesbility of amaterid usng Darcy’s law:
acongtant head test and afaling head test. The constant head test involves determining the flow rate of
water through a saturated sample while maintaining a constant head of water. The equation derived
from Darcy’slaw for caculating the coefficient of permesbility when using a congtant head test isas
follows

(- _QL Eq. 2.2
hALLt

where: k = coefficient of Permeshility
Q = totd discharge volume
L = height of specimen
h = height of water head on specimen
A = cross-sectional area of specimen
t = time during which Q is mesasured

The congtant head test is most gpplicable for materids with relaively high permegbilities (8). Thisis

because it can take an extended amount of time to accumulate a significant discharge volume (Q) for



Cooley 7
relatively impervious maerids.

The fdling head test involves determining the amount of head loss through a given sample over a
given time. Thistype of test is more suitable for less permeable materids (9). For the faling head test,

the coefficient of permesahiility is caculated asfollows:

k'a=L.|n
At

hl
h, Eq. 2.3

where: k = coefficient of Permeshility

a= areaof gtand pipe

L = length of sample

A = cross-sectional area of sample

t = time over which head is dlowed to fall

h, = water head a beginning of test

h, = water head at end of test

Since the literature suggests that afaling head permeshiility test is more gppropriate for less

permeagble materias, permeability tests conducted on dense-graded HMA pavements should most
likely be faling head tests. However, for HMA mixtures designed to transmit water (e.g., open-graded

friction courses) a constant head test may be more appropriate.

FACTORSINFLUENCING PERMEABILITY OF HMA

In astudy conducted by Ford and McWilliams (10), severa factors were identified that can
influence the permeability of HMA and include: particle (aggregete) size digtribution, particle shape,
molecular composition of the asphdlt, ar voids (i.e., compaction), degree of saturation, type of flow,

and temperature. The particle Size digtribution and particle shape have an effect on the sze and number
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of ar voids present within a mixture. Ford and McWilliams (10) suggested that for the most part,
permeability decreases as the size and number of voids decrease.

Hudson and Davis (11) aso concluded that permeshility of HMA is dependent on the size of
voids, not just percentage of voids. To subgtantiate, they compacted a fine aggregate HMA to 30-35
percent VMA and awell-graded coarse aggregate to 12-15 percent VMA.. Based on their testing, the
fine aggregate showed congderably less permeability.

The shape of aggregate particles can dso influence permesbility (12). Irregular shaped particles
(angular, flat and/or elongated) can create flow paths which are more tortuous than those created by
smooth, rounded aggregates. This can lead to lower flow rates through an HMA.

Without question the degree of compaction affects the permesability of HMA. Pavements
compacted to low dengties, tend to have more and larger air voids which increases permesbility.

The degree of water saturation can greatly affect the permesbility of aHMA. Air bubbles
trapped within a pavement occupy void space thereby reducing the void volume through which water
can pass. Water can not flow through an air bubble (9). Most |aboratory permesbility tests are

performed on saturated samples.

PREVIOUS RESEARCH

As mentioned previoudy, asgnificant study was conducted by Zube (2) that showed dense-
graded HMA pavements become excessively permesble to water at gpproximately 8 percent in-place
ar voids. McLaughlin and Goetz (13), surmised that permesbility actualy gives a better measure of a

pavement’ s durability than does density. Permeability provides an indication of how aHMA will
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transmit water (and therefore give access to air) through the pavement, whereas dendity isjust an
indirect measure of in-place ar voids.

The most recent work performed that eval uated the permesbility of HMA was the previoudy
mentioned work by FDOT (4). This study is significant because it evaluated coarse-graded Superpave
designed mixes. Results of this study follow the same conclusions derived from the previoudy
mentioned studies, in-place air voids do not specificaly identify mixtures that are prone to being
permesble. The Sze, orientation, and interconnectivity of the voids are more important in producing a

permeable pavement.

POTENTIAL PROBLEMSMEASURING IN-PLACE PERMEABILITY

The mgority of previous work was conducted using cores cut from the roadway in afaling
head type permeameter. Thisisimportant because Darcy’s law is gpplicable for one dimensiond flow
as would be encountered in alaboratory test. Measuring the permeability of pavementsin-placeis
theoretically much more difficult, because water can flow in two dimensions. Other potentid problems
include degree of saturation, boundary conditions of flow, and type of flow.

As dated in a previous section, one of the assumptionsin usng Darcy’slaw is that the materid
being tested is saturated. As the degree of saturation decreases, S0 does the measured permesbility.
Unlike laboratory testing, the degree of saturation cannot be accurately determined in the field.

When performing laboratory permesability tests, the sample dimensions are dways known.
Without cutting a core, the sample thickness has to be estimated when conducting field tests. Also, the

effective area of the pavement through which the flow takes place has to be estimated. A typicd fied



Cooley 10

permeability test has some type of standpipe that is open on both ends. Water isintroduced into the
standpipe and the water is alowed to flow into the pavement. Once the water enters the pavement it
can flow in any direction and most likely flows outside the area of the standpipe; therefore, the effective
areamust be assumed.

Another potential boundary condition problem isthe flow of water across (through) pavement
layers. Without some type of destructive test (e.g., cutting cores) there is no way of knowing whether
the water flows across layers.

Darcy’s law was based on testing conducted in clean sands. The flow of water was determined
to be laminar. Within a pavement, it can not be determined whether the flow of weter is laminar or
turbulent. Darcy’ slaw isinvalid for caculating permegbility if the flow of water is turbulent; therefore,
water flow must be assumed laminar.

A problem that was experienced by NCAT during the conduct of Nationa Cooperative
Highway Research Program Study 9-8, “Designing Stone Matrix Asphat Mixtures,” was thet of sedling
the field permeameter to the pavement surface. The primary problem comes from the rough surface
texture of SMIA. Because of the rough surface texture, it was difficult to completely penetrate the
surface voids for awater tight sedl between the permeameter and pavement. In order to have
reasonable repegtability in field permesbility measurements, a repeatable method of sedling the

permeameter to the pavement must be found.
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CHAPTER 3 - RESEARCH APPROACH

The objective of this study was accomplished by evauating four field permegbility devices. Two
of these permeameters were developed by a commerciad supplier, one was designed by NCAT for use
during the NCHRP Study 9-8 “Designing Stone Matrix Asphdt Mixtures’, and the fourth was designed
by NCAT specificdly for this sudy. Each of the field permegbility devices are described in detail in the
next chapter.

Because of the nature of compacted HMA pavements, there may not be a method of
determining the true permegbility of a pavement (horizonta flow, vertica flow, flow across layers, ec.).
Because of the problems measuring in-place permesbility discussed in Chapter 2, a theoretica
gpproach to caculating permeability is probably not accurate. However, if a device and test method
can be devel oped that provides a good indication of permeability, is repeatable, and easy to useg, it
would be of lagting vaue. The “indication” of permeability should be based on sound engineering
assumptions.

Figure 3.1 illugtrates the overal research approach in the form of aflow diagram. Three
Superpave projects, each from a different state, were visited during the conduct of this project. Two
NCAT representatives traveled to each project to perform the field permesbility testing. At each
project, two pavement sections were selected. Of the two sections, one section was proposed to be
compacted to gpproximately 92 percent theoretical maximum specific gravity (92% G,,,) and the other
section was proposed to be compacted to approximately 88-90% G,,,,. Thiswould dlow for varying

degrees of pavement permeability to be evaluated. In order to
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Figure 3.1: Overall Research Approach
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obtain the two density ranges, rolling patterns were adjusted. It was proposed to take al measurements
2 feet away from the edge of the mat.

Because dl four permeameters require a sealant to sedl the devices to the pavement surface,
each can not be performed in the same spot. Therefore repeatability was measured by performing ten
field permesbility tests per field permeameter within each of the two pavement sections for aparticular
project. This equated to 40 field permeability tests per section (4 field devices x 10 locations). Also
from each section, five cores were obtained and brought back to the NCAT laboratory for testing with
alaboratory permeability device. Therefore, atotd of 45 permeability tests were performed per section
(or 90 tests per project).

To ensure the gatistica integrity of this methodology, the locations for each of the permesbility
tests and core locations were determined based on a dratified randomization testing plan. All
permesbility measurements and coring were on alongitudind straight line approximately 2 feet from the
pavement edge. This test plan was selected because a compacted pavement tends to be more uniform

in dengty longitudinaly than transversdy. The test location plan is shown in Figure 3.2.
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Note: Each of the sections were divided into ten subsections. Within each subsection,
each field permeameter was randomized resulting in a stratified randomization.
Pavement Edge
Subsections
e e e e e N e e e e,
LA A A A A

2ft

Pavement Edge

78 ft
© Permeability Testing
A CorelLocations

Figure 3.2: Test Location Plan for Each Section of Each Project
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CHAPTER 4 - PERMEAMETERS

INTRODUCTION

Four field permeameters were used during the conduct of this study. Each of these
permeameters were of the falling head type. Two were provided by a commercia supplier while two
were designed by NCAT. As mentioned previoudy, one mgor problem in performing field permesbility
testsis the seding of the permeameter to the pavement surface. All four permeameters used some type
of sedlant. Three used a silicone-rubber based caulk and the fourth used paraffin. The actua procedure
for estimating permesbility with the four devices was very Smilar. The primary difference was the
method of sealing each to the pavement. A standardized procedure for each permeameter was
developed and can be found in Appendix A. The coefficient permesbility for each field device was
caculated using Equation 2.3. This equation is used to caculate permesbility based upon afdling head
gpproach. Assumptions used for these calculations included (1): sample thickness was equd to the
immediately underlying HMA course thickness, (2) the area of the tested sample was equd to the area
of the permeameter from which water was alowed to penetrate into the HMA; (3) one-dimensiona
flow; and (4) laminar flow of water. The following sections describe each of the four permeameters and

the laboratory device used for this study.

Field Permeameter No. 1 (FP1)
FP1 is shown during use in Figure 4.1. Thisdevice is Smilar to the one used by NCAT during
NCHRP 9-8, with one modification. The diameter of the base plate located at the bottom of the

permeameter was increased in order to help provide a better sed with the pavement surface.
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In order to sedl FP1 to the pavement surface, a sedlant (silicone-rubber caulk) is placed on the
bottom of the base plate. The permeameter is then placed onto the pavement surface and pushed down
to try and digtribute the sedlant fully into the surface voids of the pavement. For pavements with avery
rough surface texture, it is sometimes necessary to aso place some sedant directly onto the pavement
surface to ensure the surface voids are completely sedled. Once sedled, aweight was placed onto the
base plate to resist the uplift of the device when water isintroduced into the standpipe.

Of the four permeameters studied, FP1 was probably the easiest to use. Thisis based upon the

ease of sedling, rdative Sze of the device, and the smple design.

Figure4.1: Fied Permeameter No. 1
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Field Permeameter No. 2. (FP2)

FP2 was one of the two permeameters provided by acommercia supplier. This device (shown
in Figure 4.2) essentidly conssted of a sx-inch Marshal mold, onto which a plastic cgp was fitted. The
cap had ahole cut into the top for astandpipe to fit. Also shownin Figure 4.2 isaring that is
goproximatdy 50 mm larger in diameter than the Marshal mold. Thisring was used while seding FP2
onto the pavement surface. Heated paraffin was poured between the permeameter and the ring for
seding. Paraffin was sdlected because in aliquid sate it would flow into the surface voids and sedl the

permeameter to the pavement upon hardening.

Figure4.2: Fidd Permeameter No. 2
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This device was probably the most |abor intensive. A propane heater was needed in order to
melt the paraffin. Once heated to aliquid Sate, the paraffin had to cool for a period of time. If it was not
alowed to coal, it would flow beneath the edges of the permeameter thus potentidly closing flow paths.
If the paraffin was dlowed to cool to a point where it began to “skim over,” upon being introduced

between the permeameter and ring it would harden quickly.

Field Permeameter No. 3 (FP3)
FP3 is the second device that was designed and built by NCAT. This device (shown in Figure
4.3) is unique from the other three permeameters because it uses athree tier sandpipe. Asshownin

Figure 4.3, each tier conssted of a standpipe with a different diameter. The standpipe with the smallest

Figure 4.3: Fidd Permeameter No. 3
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diameter is a the top and the largest diameter standpipe is at the bottom. This configuration was
designed in an effort to make the permeameter more sengtive to the flow of water into the pavement.
For pavements that are relatively impermesable, the water will fal within the top tier standpipe very
dowly. Additionaly, because of the smal diameter of the top tier sandpipe, FP3 is very sendtiveto
small amounts of water draining from the permeameter.

For pavements of “medium” permesability, the water should flow through the top-tier sandpipe
quickly but dow down when it reaches the larger diameter middle tier sandpipe. Likewise, for avery
permesble pavement, the water should flow through the top and middle tier standpipes quickly but dow
down in the larger diameter bottom tier standpipe.

Seding FP3 to the pavement surface is smilar to the procedure used for FP1. However, a
flexible rubber base is used in conjunction with ameta base plate. The rubber base was sdected
because, being flexible, it would push the sedlant down into the surface voids.

FP3 isrdatively easy to use. The particular standpipe from which head loss measurements are
made must be noted. Head |oss measurements obtained across standpipe tiers make the calculation of
permesbility more complicated. Additionaly, sedlant hasto be applied in two locations. between the

sted base plate and the flexible rubber base and between the rubber base and the pavement surface.

Field Permeamater No. 4 (FP4)
As can be seenin Figure 4.4, FP4 is very Smilar in appearance to FP2. The mgor differenceis
that silicone-rubber caulk is used to sedl the device to the pavement instead of paraffin. Sealing FP4 to

the pavement with the caulk isalittle more difficult than for FP1 and FP3. Because the bottom of the
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permeameter does not have a baseplate, the sealant must be carefully placed. Based on the preliminary

work by NCAT with FP4, it was decided that best results were found when sedling along the indgde

Figure4.4: Field Permeameter No. 4

and outside of the permeameter base. Because the top cap of the permeameter is removable, placing
the sedlant along the inside of the base mold can be achieved. However, because the sealant is placed
aong the insde of the base mold, the effective area through which water can enter the pavement is

dightly reduced.

L aboratory Permeameter
The laboratory permeameter used for this sudy is commercidly sold by Karol-Warner. This

gpparatus is essentialy the second generation of the laboratory permeameter developed by FDOT (5).
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One of the primary differences between the Karol-Warner device and the FDOT permeameter is that
the Karol-Warner device uses air pressure exerted onto a rubber membrane to sed flow paths dong
the sSdes of atest sample instead of the epoxy used by the FDOT method. Currently no standardized
test procedure is available for the Karol-Warner permeameter; however, atask group under the
ASTM Subcommittee D 04.23, “Plant-mixed Bituminous Surfaces and Bases’ is in the process of
developing a standardized test procedure. Both NCAT and FDOT areinvolved in the task group. A
standardized test procedure was developed for this study based partly upon work by the task group.

This procedure is provided in Appendix B.
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CHAPTER 5-TEST RESULTSAND ANALYSIS
INTRODUCTION
Field permesbility tests were conducted in Mississippi, Virginia, and South Carolina. In each of
these states, two separate sections were tested. Thisresulted in 20 field permesbility tests with each
permeameter for each state. In addition, five cores were tested for |aboratory permeshility for each
section resulting in 10 |aboratory permesbility measurements per state. This chapter presents the results

of thistesting and the andlysis of that data.

TEST RESULTS

Thefirgt project in which testing was conducted was in Missssppi. Each of the four
permeameters were brought for testing. However, it was quickly determined that FP2 could not be
used. Recal that FP2 was the device that used paraffin to sed the permeameter to the pavement
surface. Apparently, during the heat of the day the pavement surface was hot enough so that even
though the paraffin seemed solid, next to the pavement surface the paraffin was dill in a semi-liquid
date. Thisresulted in not being able to achieve an adequate sedl. The water head within the
permeameter would blow the sedl. After these problems, FP2 was no longer investigated.

Reaults of the fidld permesbility testing from Mississippi with the three remaining field devices
(FP1, FP3, and FP4) are presented in Table 5.1. This table presents the permeability vaues for each
test location within both sections.

Initid observation of the data seemsto indicate that dl three field devices are showing smilar

permesbility values. Collectively, the section 1 permesability values are less than those for section 2.
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Table5.1: Resultsof Field Permeability Testing From Sectionsin Mississippi

FP1 FP3 FP4
Sect. | Location | Permeshility x10° cm/sec | Sect. | Location | Permeability x10°cm/sec | Sect. | Location | Permeability x10° cm/sec
4 1038 1 805 2 386
8 284 5 261 6 648
9 135 10 278 12 89
13 380 16 11 14 418
17 332 18 403 19 392
1 1 1
23 286 21 405 22 249
26 393 27 539 25 314
31 A 30 178 29 801
3 565 36 853 35 140
39 418 37 368 40 326
3 1734 2 4635 1 2898
8 7046 7 1253 5 2005
10 16314 11 2052 9 4356
15 4748 16 4742 13 2895
18 9044 20 4160 17 1372
2 2 2
21 16241 21 3161 22 2171
28 13716 27 5334 25 3827
32 28303 29 4478 31 3907
%) 26993 35 5979 33 4339
37 24689 39 15263 38 7723

23
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Field permeameter No. 1 does however appear to provide larger permeability vaues, especialy for
section 2.

In order to evauate laboratory permeability for these sections, cores were obtained. Results of
the laboratory permesbility testing on these cores are provided in Table 5.2. Again, this table presents

the results based on the section and location from which the cores were obtained.

Table5.2: Resultsof Laboratory Permeability Testing for Sectionsin Mississippi

Section Location Permegbility x10° cm/sec

1 885

9 1706

1 20 582
31 674

40 848

1435

9 1020

2 20 1104
31 4698

40 5420

This laboratory permegbility data seemsto corrdate well with the field permeshility vaues,
especidly for FP3 and FP4. Figures 5.1 and 5.2 present the field and |aboratory permesbility vaues for
section 1 and section 2, respectively.

Fgure 5.1 indicates that the fidld permeameters may be dightly underestimating the laboratory
permegbility. Generdly, the |aboratory vaues are higher than the fidd vaues, however, neglecting the
one low vaue for FP3 a location 16 most of the test data (laboratory and field) do appear to lie within

one order of magnitude. Figure 5.2 shows that the field
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permeameters overestimated the |aboratory results. Field results with FPL appear to be approximately
one order of magnitude higher than the laboratory results. The other two field devices did produce
callectively higher permesbility values (though less than one order of magnitude) but do seem to
correlate with the laboratory results.

The second project visted wasin Virginia. Results from the fidld permegbility testing are
presented in Table 5.3. For section 1, FP1 and FP3 appear to be showing the sametrend in
permegbility. Both show increasing permesbility with the increasing location number. Collectivey, al
three field permeameters seem to show that section 2 was less permesble than section 1.

Table 5.4 presents the laboratory permeability test results for the Virginia project. Smilar to the
field data, it appears that the laboratory data indicates that section 2 was less permesble than section 1.

Figures 5.3 and 5.4 graphically present the test results from Virginiafor section 1 and section 2,
repectively. Both figures seem to indicate that dl three fidld devices follow the same trend as the
laboratory results. The mgority of test results with the field devices fal within one order of magnitude of
the laboratory results.

Thefind project visted wasin South Carolina. Results of the fild permesbility testing for this
project are presented in Table 5.5. Results using FPL appear to be significantly higher than the results
from the other two field devices. Table 5.6 presents the results of the |aboratory permesbility testing.
Figures 5.5 and 5.6 present results for the field and |aboratory testing for each location. Figure 5.5
illustrates the results for section 1. Based on thisfigure, FP3 and FP4 appear to provide similar results
as the laboratory device. They also appear to follow the same genera trend as the laboratory data.

Figure 5.6 illugtrates the results for section 2. Again, FP3
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Table5.3: Resultsof Field Permeability Testing From Sectionsin Virginia

FP1 FP3 FPA
Sect. | Location | Permesbility x10°cm/sec | Sect. | Location | Permesbility x10°cm/sec | Sect. | Location | Permesbility x10° cm/sec

3 599 4 848 2 1030

8 1101 7 672 6 548

9 746 10 622 12 475

13 803 15 871 14 370

19 1126 18 960 17 467

! 24 5027 ! 21 1764 ! 23 765
25 3096 26 2068 28 706

30 2919 29 2750 32 659

A 4099 36 2942 3 765

39 1859 40 2974 33 533

499 4 4 1 509

6 175 5 224 7 260

10 143 12 115 11 189

13 582 16 239 15 202

) 20 1083 5 17 259 ) 19 235
24 380 23 279 21 200

26 507 28 694 27 498

R 642 29 694 31 355

3 1060 A 43 35 353

33 816 40 442 39 918

27
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Table5.4: Resultsof Laboratory Permeability Testing for Sectionsin Virginia

28

Section L ocation Permegility x10° crm/sec
1 1598
9 1316
1 20 1067
31 1501
40 1218
1664
529
2 20 120
31 255
40 314
~®Fp1 - rp3 A Fp4 ~® | ab
10000
8 1000 7 N
5
= 1007
%
£
g 1o
1

12 16 20 24 28 32 36 40

Location No.

Figure5.3: Permeability Resultsfor Section 1in Virginia
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Figure 5.4: Permeability Resultsfor Section 2in Virginia

and FP4 seem to provide similar test results as the laboratory device. However, FP4 appears to follow

the trend of the laboratory data better.

ANALYSISOF DATA

Based on thefield and laboratory test results, one of the four field devices was to be sdlected
based upon three criteria: correlation with the laboratory permeameter, repeatability, and ease of use.
The most subjective of these criteriawas the ease of use. Clearly, the hardest permeameter to use was
FP2 (the one that used paraffin). Not only wasit the hardest device to usg, it could aso not be used in
thefield, as described previoudy. The easiest device to use was FP1. To sedl FPL to the pavement

surface the sedlant was placed onto the bottom plate of the permeameter. The next easiest device was
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Table5.5: Resultsof Field Permeability Testing From Sectionsin South Carolina

FP1 FP3 FPA
Sect. | Location | Permeshility x10° cm/sec | Sect. | Location | Permeability x10°cm/sec | Sect. | Location | Permeability x10° cm/sec
3 10839 1 7069 4 4222
6 14222 5 4077 7 4207
9 12425 11 7448 12 427
13 8753 16 5183 15 27122
20 1434 17 3512 18 5396
1 1 1
23 14232 21 3632 24 1821
28 10886 26 3744 27 1857
32 10674 31 2712 30 2122
3 16583 35 6137 A 1548
37 10762 38 834 40 1306
4 18660 3 3191 2 2440
5 15080 7 3278 6 1921
12 16221 10 38H 9 1910
16 8906 15 2313 14 1169
20 6635 17 2107 19 1148
2 2 2
23 5188 21 1150 2 1511
26 1636 25 290 28 2575
30 966 31 198 29 1441
35 3253 36 246 A 1447
33 3129 39 236 37 1473

30



Cooley

Table5.6: Resultsof Laboratory Permeability Testing for Sectionsin South Carolina

31

10000 1

1000 7

100 7

Permeability, 10"-5 cm/sec

10 1

—r,  ——, S

B eSeSs

Section Location Permeghility x10° cm/sec
1 2645
9 2203
1 20 2836
31 2602
40 1540
1 1254
9 1686
2 20 1132
31 733
40 1065
9 rFp1 W pFp3 A Fpg ® | ap
100000

24 28 32

Location No.

40

Figure5.5: Permeability Resultsfor Section 1in South Carolina




Cooley 32
~®Fp1 W pFp3 A Fpg 1 ab
100000
L -
10000 1
o
()
@9
£
o
2 1000 7 {
o
—
>
< 100 T
()
£
()
a
10 1
1 T
0 4 8 12 16 20 24 28 32 36 40

Location No.

Figure 5.6: Permeability Resultsfor

Section 2 in South Carolina

FP3. Sedling this device to the pavement surface was very smilar to FP1 but sealant had to be placed

on the top and bottom of the rubber base. Though not the most difficult to use, FP4 isrdative time

consuming compared to FP1 and FP3. The sedant must be very carefully placed on both the insde and

outside of the permeameter base. This method took some trid and error in determining the best method

of sedling. Based on this discussion, the following ranking of the permeameters for ease of use was

obtained. A ranking of 1 suggeststhe easiest device to use and aranking of 4 implies the hardest

device.

Device
FP1
FP3
FP4
FP2

A WN P
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The second sdlection criteriato be discussed is the correlation of the different field
permeameters with the laboratory device. Because each of the permeameters used a sedlant, cores
could not be obtained for laboratory testing a the same location field tests were conducted. Therefore,
correlation with the laboratory device was based on significant differences between the data
accumulated with the different field permeameters and the laboratory test results. An andysis of
variance (ANOVA) was sdected to determine the significant differences. For thisandyss, dl of the
data from each state was used, therefore the source of variation was the type permeameter used (the

three field and laboratory devices). Table 5.7 presents the results of thisandysis.

Table5.7: Resultsof ANOVA To Determine Significant Differences

Source F-stat Probability > F-dtat Sgnificant Difference?

Table 5.7 shows that there were significant differences between the results for the four
permeability devices (three field and laboratory). Because of these differences, a Duncan’s Multiple
Range Test (DMRT) was performed to determineif any of the devices provided test results that were

not significantly different. Results of this andysis are presented in Table 5.8.

Table5.8: Resultsof DMRT Ranking for All Data

Permeameter Average Permeability (x10° crm/sec) DMRT Ranking*
FP1 6653 A
FP3 2399 B
FP4 1594 B
Lab 1522 B
* Means with the same |etter are not significantly different.
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Table 5.8 shows that FP1 was sgnificantly different than the other three permeameters. This
suggests that permeahiility tests conducted with both FP3 and FP4 were not significantly different than
results obtained with the |aboratory device.

To better differentiate whether FP3 or FP4 correlated better with the laboratory device,
DMRT rankings were performed for each project section tested. Recall that two sections were tested
for each project; therefore, atota of Sx rankings were performed in this analyss. Because of the
sgnificant differences shown in Table 5.8, the FP1 data was not included in thisanalysis. Table 5.9
presents the results of this andysis.

Table 5.9 shows that significant differences between the three permeameters used in the
andysis only occurred for three of the six sections. For section 1 in Mississippi, the laboratory datawas
sgnificantly different than results for the two field devices. For section 1 in South Caroling, FP3 values
were sgnificantly different than the laboratory and FP4 results. For section 1 in Virginia, FP4 results
were sgnificantly different than the laboratory and FP3 results. Thisisinteresting because each of the
three devices included in the analys's showed significant differences with the other two devices only
once. This suggests that both field devices were fairly well corrdated with the laboratory permeameter.
Based on the andyses performed to determine the correlation between field devices and the |aboratory
device, it appearsthat both FP3 and FP4 correlate well. FP1 should not be considered. Referring back
to Figures 5.1 through 5.6, this conclusion appears to be correct.

The fina sdection criteria was the repestability. Because each of the test locations on which the
field devices were tested were randomly selected on alongitudina line within each section tested, the

standard deviations for each device should provide an indication of repeatability. Table 5.10 presents
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Table5.9: DMRT Rankingsfor Each Section Using FP3, FP4, and Laboratory Data

35

the averages, sandard deviations, and coefficient of variations for FP3, FP4, and the [aboratory

permeameter for each section tested.

When evauating the repeetability of the different field devices, the andard deviation of the
|aboratory permegbility test results must be consdered. 1dedly, the standard deviation of the field

devices would be identicd to the lab device. The COV was included in Table 5.10 to normdize the

* Means with the same | etter are not significantly different.

Project Section Permeameter Avg. Permeability (x 10° cm/sec Ranki
Lab 939 A
1 FP3 410 B
FP4 376 B
MS
FP3 5106 A
2 FP4 3549 A
Lab 2735 A
FP3 5186 A
1 FP4 2932 B
Lab 2365 B
SC
FP4 1703 A
2 FP3 1690 A
Lab 1174 A
e | — |
FP3 1647 A
1 Lab 1340 A
FP4 631 B
VA
Lab 576 A
2 FP4 372 A
FP3 354 A

gandard deviations. Coefficient of variation is defined as the sandard deviation divided by the average
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and expressed as a percentage. Based on the COV's presented in Table 5.10, it is unclear which field
permeameter shows sSimilar repeatability to the laboratory test results. For some sections the COV for
FP3 is closer to the laboratory COV while for some FP4 is closer. Therefore, it appears that FP3 and

FP4 have approximately the same repestability.

Table 5.10: Averages and Standard Deviations on Permeameter sfor Each Section

Project | Section | Permeameter | Avg. Perm. (x 10°° cnv/sec) S Dev. Ccov

FP3 410 263 64
FP4 376 215 57
Lab 939 446 438

MS
FP3 5106 3853 75
FP4 3549 1788 50
Lab 2735 2142 78
FP3 5187 1951 38
FP4 2933 1431 49
Lab 2365 516 22

SC
FP3 1690 1448 86
FP4 1704 496 29
Lab 1174 345 29
FP3 1647 975 59
FP4 632 194 31
Lab 1340 214 16

VA
FP3 354 228 64
FP4 372 225 61
Lab 576 626 109
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CHAPTER 6 - CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Based on the andysis of the data accumulated during the conduct of this study, the selection of
afidd permeameter that correlates best to the laboratory permeability device, is repeatable, and is easy
to use basically comes down to FP3 and FP4. Neither of these permeameters showed significant
differences with the laboratory device and both had gpproximately the same repeatability. Therefore,
the selection criteriathat must be used for the sdection of afield permeameter is ease of use. Based on
this criteria, FP3 is selected. Based on the experiences with the three field permeameters, FP3 wasthe
second easiest to use. FP1 was the easiest but did not correlate with the [aboratory device. A standard

procedure for using FP3 is provided in Appendix A.

RECOMMENDATIONS

Based upon the results of this study afield permeameter was selected that was correlated to
laboratory test results, repeatable, and easy to use. It is recommended that several minor modifications
be made to the selected permeameter and another field study be performed to determine what factors
influence the permesbility of Superpave designed pavements. One modification envisoned isto make
the rubber base plate permanent on the bottom of the permeameter. This would negate the need for
applying sedant in two places. Another possible modification would be to increase the mass of the
weight used with this device. Because of the rubber base plate utilized with this device, the added mass
would better push the sedlant into the pavement surface voids leading to a more repestable sedl.

The fidd study should have two main objectives. Fird, factors should be identified that influence
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the permeability of Superpave designed pavements. Tentatively, factors such as gradation type (above,
below, or through the restricted zone), nomina maximum aggregate Size, air void content, roller type
(static steel whedl, vibratory, or pneumétic tire), lift thickness, etc. should be evaluated. Secondly, using
the information obtained from the field study, it should be determined a what air void content
Superpave designed pavements become excessvely permeable. Thistype of information would be
vauable in evauating current dengity requirements.

At the conclusion of the field study, each participating state should receive the find verson of
the selected field permeameter. Thiswill alow each date to evauate particular points of interest
concerning the permeability of pavements. In addition, a set of detailed blue prints of the sdlected field

device should be included in the find report. Thiswill alow commercid vendorsto build the device.
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1.3

41

Field Estimation of Water Permeability of
Compacted Asphalt Paving Mixtures
Field Permeameter No. 1

This test method covers the in-place estimation of the water permesbility of a
compacted hot mix asphat (HMA) pavement. The estimate provides an indication of
water permesbility of a pavement location as compared to those of other pavement
locations.

The vaues gated in metric (Sl) unit are regarded as sandard. Vaues givenin
parenthesis are for information and reference purposes only.

This standard does not purport to address dl of the safety problems associated with its
use. It isthe respongibility of the user of this standard to establish gppropriate safety
and hedth practices and determine the applicability of regulatory limitations prior to use.

Summary of Test Method

21

A faling head permesbility test, as shown in Figure 1, is used to estimate the rate at
which water flowsinto a compacted HMA pavement. Water from a graduated
gtandpipe is dlowed to flow into a compacted HMA pavement and the interva of time
taken to reach aknown change in head lossis recorded. The coefficient of permeability
of acompacted HMA pavement is then estimated based on Darcy’s Law.

Significance and Use

31 This test method provides a means of estimating water permesbility of compacted
HMA pavements. The estimation of water permesbility is based upon assumptions that
the sample thicknessis equd to the immediately underlying HMA pavement course
thickness; the area of the tested sample is equal to the area of the permeameter from
which water is dlowed to penetrate the HMA pavement; one-dimensiond flow; and
laminar flow of the water. It is assumed that Darcy’ slaw isvdid.

Apparatus

4.1  Hand broom - A broom of sufficient stiffnessto sweep atest location free of debris.

4.2  Timing Device - A stopwatch or other timing device graduated in divisons of 1.0
seconds.

4.3  Sealant - A slicone-rubber caulk to seal the permeameter to the pavement surface.

4.4  Fied Permeameter - A fidd permeameter made to the dimensions and specifications

shownin Figure A.1.

Preparation of Pavement Surface

5.1

Prior to conducting the test, a broom should be used to remove dl debris from the
pavement surface. Debris left on the pavement surface can hinder the sedling of the
permeameter to the pavement surface.
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Test Procedure

6.1

6.2

6.3

6.4

Permeameter Setup

6.1.1 Turn the permeameter upside down so that the bottom of the plastic, circular
base plate is facing upwards. Place sedant onto the bottom plastic, circular
baseplate.

6.1.2 Invert the permeameter and place onto the pavement surface. Push the
permeameter onto the pavement surface in order for the sedlant to penetrate the
surface voids of the pavement.

6.1.3 Placetheweight over the standpipe onto the plagtic, circular base plate.

6.1.4 Allow one minute for the sedant to partidly set up.

Pavement Saturation

6.2.1 Fill the sandpipe approximately haf full with water.

6.2.2 Allow the water to remain in the standpipe for not less than one minute. It may
be necessary to add water to keep the water led approximately half full within
the standpipe.

To gart the test, introduce water into the standpipe to just above the desired initial

head.

When the water levd is a the desired initid head, Sart the timing device. Stop the

timing device when the water level within the standpipe reaches the desired find head.

Record theinitid head, find head, and time interva between the initid and find head.

Calculation

7.1

7.2

The coefficient of permestiility, kK, is estimated using the following equation:
h
k=2 2
At h,

Where: k = coefficient of permeability, cm/sec
a= indde cross sectioned area of standpipe, cn?
L = thickness of underlying HMA course, cm
A = cross-sectioned area of permeameter through which water
can penetrate the pavement, cn?
t = egpsed time between h, and h,
h, = initid head on the pavement location, cm
h, = find head on the pavement location, cm

Report results for k to the nearest whole units x 10° crmy/s.
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Cooley

Scope
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1.2

1.3

Field Estimation of Water Permeability of
Compacted Asphalt Paving Mixtures
Field Permeameter No. 2

This test method covers the in-place estimation of the water permesbility of a
compacted hot mix asphat (HMA) pavement. The estimate provides an indication of
water permesbility of a pavement location as compared to those of other pavement
locations.

The vaues gated in metric (Sl) unit are regarded as sandard. Vaues givenin
parenthesis are for information and reference purposes only.

This standard does not purport to address dl of the safety problems associated with its
use. It isthe respongibility of the user of this standard to establish gppropriate safety
and hedth practices and determine the applicability of regulatory limitations prior to use.

Summary of Test Method

21

A faling head permesbility test, as shown in Figure 1, is used to estimate the rate at
which water flowsinto a compacted HMA pavement. Water from a graduated
gtandpipe is dlowed to flow into a compacted HMA pavement and the interva of time
taken to reach aknown change in head lossis recorded. The coefficient of permeability
of acompacted HMA pavement is then estimated based on Darcy’s Law.

Significance and Use

31 This test method provides a means of estimating water permesbility of compacted
HMA pavements. The estimation of water permesbility is based upon assumptions that
the sample thicknessis equd to the immediately underlying HMA pavement course
thickness; the area of the tested sample is equal to the area of the permeameter from
which water is dlowed to penetrate the HMA pavement; one-dimensiond flow; and
laminar flow of the water. It is assumed that Darcy’ slaw isvdid.

Apparatus

4.1  Hand broom - A broom of sufficient stiffnessto sweep atest location free of debris.

4.2  Timing Device - A stopwatch or other timing device graduated in divisons of 1.0
seconds.

4.3  Sealant - Paraffin to sed the permeameter to the pavement surface.

4.4  Heating Unit - A propane or Smilar hesting unit used to melt the sedlant.

45  Container - A container is needed for heating the sealant. The container should be of
aufficient Sze to melt enough sedlant for the tet.

4.6 Ladle- A ladle or smilar deviceis needed to dip the heated sedant from the container
and pour the sedlant onto the pavement surface.

4.7  Field Permeameter - A fidd permeameter made to the dimensions and specifications
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shown in Figure A.2.
5. Preparation of Pavement Surface
5.1  Prior to conducting the test, a broom should be used to remove dl debris from the

pavement surface. Debris left on the pavement surface can hinder the sedling of the
permeameter to the pavement surface.

6. Test Procedure
Permeameter Set Up

6.1

Note 1:

Note 2:

6.2

6.3

6.4

6.1.1
6.1.2
6.1.3

6.1.4

6.1.5
6.1.6

Ensure the base mold is free from debris

Place the base mold onto the pavement surface.

Place the outside ring onto the pavement surface around the base mold.
Care should be taken to center the base mold within the outside ting.

Heat the paraffin wax to aliquid state and pour between the base mold and
outside ring. (See Note 1) The paraffin should be placed in at |east three
layers (See Note 2).

For best results allow the paraffin to cool prior to pouring between the base
mold and outside ring. The paraffin has sufficiently cooled when it begins
to skim over at the top.

Thefirst layer of paraffin should be placed around the entire circumference
between the base mold and outside ring. This layer should be just thick
enough to cover the surface voids of the pavement. Subsequent layers of
paraffin should be placed in approximately equal lifts.

Place weight over the standpipe onto the top cap.

Allow the paraffin to cool for not less than one minute. The paraffin should
be stiff with atouch of the finger.

Pavement Saturation

6.2.1
6.2.2
6.2.3

Assemble the permeameter including, top cap, and standpipe.

Fill the standpipe to just above the top cap of the permeameter.

Allow the water to remain in the standpipe for not less than one minute. It
may be necessary to add water to keep the water level above the top cap of
the permeameter.

To start the test, introduce water into the standpipe to just above the desired initia

head.

When the water level is at the desired initial head, start the timing device. Stop the
timing device when the water level within the standpipe reaches the desired final
head. Record theinitial head, final head, and time interval between the initial and
final head.

7. Calculation
The coefficient of permeahiility, k, is estimated usng the following equation:

7.1
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h
k=L nl2
At h,

Where: k = coefficient of permeability, cm/sec
a= insde cross sectioned area of standpipe, cn?
L = thickness of underlying HMA course, cm
A = cross-sectioned area of permeameter through which water
can penetrate the pavement, cn?
t = elapsed time between h, and h,
h, = initid head on the pavement location, cm
h, = find head on the pavement location, cm
7.2  Report results for k to the nearest whole units x 10° crm/s.
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Field Estimation of Water Permeability of
Compacted Asphalt Paving Mixtures
Field Permeameter No. 3

This test method covers the in-place estimation of the water permesbility of a
compacted hot mix asphat (HMA) pavement. The estimate provides an indication of
water permesbility of a pavement location as compared to those of other pavement
locations.

The vaues gated in metric (Sl) unit are regarded as sandard. Vaues givenin
parenthesis are for information and reference purposes only.

This standard does not purport to address dl of the safety problems associated with its
use. It isthe respongibility of the user of this standard to establish gppropriate safety
and hedth practices and determine the applicability of regulatory limitations prior to use.

Summary of Test Method

21

A faling head permesbility test, as shown in Figure 1, is used to estimate the rate at
which water flowsinto a compacted HMA pavement. Water from a graduated
gtandpipe is dlowed to flow into a compacted HMA pavement and the interva of time
taken to reach aknown change in head lossis recorded. The coefficient of permeability
of acompacted HMA pavement is then estimated based on Darcy’s Law.

Significance and Use

31 This test method provides a means of estimating water permesbility of compacted
HMA pavements. The estimation of water permesbility is based upon assumptions that
the sample thicknessis equd to the immediately underlying HMA pavement course
thickness; the area of the tested sample is equal to the area of the permeameter from
which water is dlowed to penetrate the HMA pavement; one-dimensiond flow; and
laminar flow of the water. It is assumed that Darcy’ slaw isvdid.

Apparatus

4.1  Hand broom - A broom of sufficient stiffnessto sweep atest location free of debris.

4.2  Timing Device - A stopwatch or other timing device graduated in divisons of 1.0
seconds.

4.3  Sealant - A slicone-rubber caulk to seal the permeameter to the pavement surface.

4.4  Fied Permeameter - A fidd permeameter made to the dimensions and specifications

shown in Figure A.3.

Preparation of Pavement Surface

5.1

Prior to conducting the test, a broom should be used to remove dl debris from the
pavement surface. Debris left on the pavement surface can hinder the sedling of the
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permeameter to the pavement surface.

6. Test Procedure
6.1 Permeameter Setup

6.1.1

6.1.2
6.1.3

6.1.4
6.1.5

6.1.6

Ensure that both sides of the square, rubber base and the bottom of the
square, metal base plate are free of debris.
Apply sedlant to one side of the square, rubber base.

Place the Sde of the square, rubber base containing the sedlant onto the
pavement surface. Evenly apply pressure to the top of the square, rubber base
with hand pressure to force the sedlant into the surface voids.
Apply sedant onto the bottom of the square, meta base plate.
Place the base mold onto the square, rubber base ensuring that the hole within
the square, meta base plate lines up with the hole in the square, rubber base.
Apply hand pressure onto the top cap of the base mold to force adhesion
between both sides.
Place weight over standpipes and base mold onto square, meta base plate.
Apply have pressure to weight tho findize seding.

6.2 Pavement Saturation

6.2.1
6.2.2

Fill the standpipe to just above the top cap of the permeameter.

Allow the water to remain in the bottom of the standpipe for not less than one
minute. It may be necessary to add water to keep the water level above the top
cap of the permeameter.

6.3  To dart thetest, introduce water into the standpipe to just above the desired initia
head. (See Note 1)

Note 1:

For most gpplications, enough water should be introduce to bring the water
leve to the top of thetop tier standpipe.

6.4  Whenthewater levd isat the desired initid head, Sart the timing device. (See Note 2)
Stop the timing device when the water level within the standpipe reaches the desired
find head. (See Note 4) Record the initia head, find head, and time interval between
theinitid and find heed.

Note 2:

Note 3:

For rdatively impermesble pavements, the water level will drop very dowly
within the top tier tandpipe. Therefore, the initid head should be taken within
the top tier gandpipe. Tor pavements of “medium” permesbility, the weater leve
will drop quickly through the top tier standpipe. Therefore, the initid head
should be taken within the middle tier standpipe. For very permegble
pavements the water level will drop very quickly through the top and middle tier
standpipes but dow down when it reaches the bottom tier standpipe.

Therefore, the initial head should be taken in the bottom tier standpipe.
Theinitid and fina head determinations should be made within the same
standpipe tier.
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7. Calculation
7.1  Thecoefficent of permedhility, k, is estimated usng the following equation:

h
K=tk
At |,

Where: k = coefficient of permeability, cm/sec
a= insde cross sectioned area of standpipe, cn?
L = thickness of underlying HMA course, cm
A = cross-sectioned area of permeameter through which water
can penetrate the pavement, cn??
t = elapsed time between h, and h,
h, = initid head on the pavement location, cm
h, = find head on the pavement location, cm
7.2  Report results for k to the nearest whole units x 10° crm/s.

50
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Scope
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1.2

1.3
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Field Estimation of Water Permeability of
Compacted Asphalt Paving Mixtures
Field Permeameter No. 4

This test method covers the in-place estimation of the water permesbility of a
compacted hot mix asphat (HMA) pavement. The estimate provides an indication of
water permesbility of a pavement location as compared to those of other pavement
locations.

The vaues gated in metric (Sl) unit are regarded as sandard. Vaues givenin
parenthesis are for information and reference purposes only.

This standard does not purport to address dl of the safety problems associated with its
use. It isthe respongibility of the user of this standard to establish gppropriate safety
and hedth practices and determine the applicability of regulatory limitations prior to use.

Summary of Test Method

21

A faling head permesbility test, as shown in Figure 1, is used to estimate the rate at
which water flowsinto a compacted HMA pavement. Water from a graduated
gtandpipe is dlowed to flow into a compacted HMA pavement and the interva of time
taken to reach aknown change in head lossis recorded. The coefficient of permeability
of acompacted HMA pavement is then estimated based on Darcy’s Law.

Significance and Use

31 This test method provides a means of estimating water permesbility of compacted
HMA pavements. The estimation of water permesbility is based upon assumptions that
the sample thicknessis equd to the immediately underlying HMA pavement course
thickness; the area of the tested sample is equal to the area of the permeameter from
which water is dlowed to penetrate the HMA pavement; one-dimensiond flow; and
laminar flow of the water. It is assumed that Darcy’ slaw isvdid.

Apparatus

4.1  Hand broom - A broom of sufficient stiffnessto sweep atest location free of debris.

4.2  Timing Device - A stopwatch or other timing device graduated in divisons of 1.0
seconds.

4.3  Sealant - A slicone-rubber caulk to seal the permeameter to the pavement surface.

4.4  Fied Permeameter - A fidd permeameter made to the dimensions and specifications

shown in Figure A 4.

Preparation of Pavement Surface

5.1

Prior to conducting the test, a broom should be used to remove dl debris from the
pavement surface. Debris left on the pavement surface can hinder the sedling of the
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permeameter to the pavement surface.

Test Procedure

6.1

Note 1:

6.2

6.3

6.4

Permeameter Setup

6.1.1 Ensurethe sdes of the base mold are free from debris.

6.1.2 Remove the top cap from the base mold and p;ace the base mold onto the
pavement surface.

6.1.3 Placeathin bead of sedant dong the insde edge of base mold at the pavement
surface. Use afinger to push the sedant into the surface voids of the pavement
and to evenly digtribute the sedant aong the bottom of the base mold. (See
Note 1)

Care should be taken not to gpply too much sedant dong the insde of the base
mold. Any sedant dong the indde edges of the base mold reduces the effective
areathrough which water can penetrate the underlying pavement.

6.1.4 Reassemble permeameter including the top cap and the standpipe.

Pavement Saturation

6.2.1 Fill the standpipe with weter till the water leve is just above the top cap.

6.2.2 Allow the water to remain in the standpipe for not less than one minute. It may
be necessary to add water to keep the water level above the top cap.

To gart the test, introduce water into the standpipe to just above the desired initial

head.

When the water levd fdlsto the desired initid head, Sart the timing device. Stop the

timing device when the water level within the standpipe reaches the desired find head.

Record theinitid head, find head, and time interva between the initid and find head.

Calculation

7.1

1.2

The coefficient of permesatiility, k, is estimated using the following equation:
h
k=2 2
At h,

Where: k = coefficient of permeability, cm/sec
a= indde cross sectioned area of standpipe, cn?
L = thickness of underlying HMA course, cm
A = cross-sectioned area of permeameter through which water
can penetrate the pavement, cn?
t = egpsed time between h, and h,
h, = initid head on the pavement location, cm
h, = find head on the pavement location, cm
Report results for k to the nearest whole units x 10° crmy/s,
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Measurement of Water Per meability of
Compacted Asphalt Paving Mixtures
Using the Karol-Warner Flexible Wall Permeameter

Scope

1.1  Thistest method coversthe laboratory determination of water permegbility of a
compacted asphat paving mixture sample. The measurement provides an indication of
water permesbility of that sample as compared to those of other asphdt paving samples
tested in the same manner.

1.2  The procedure uses either |aboratory compacted or field cut core cylindrica
specimens.

1.3  Thevaues stated in metric (Sl) units are regarded as sandard. Vaues givenin
parentheses are for information and reference purposes only.

1.4  Thissandard does not purport to address dl of the safety problems associated with its
use. It isthe respongibility of the user of this standard to establish gppropriate safety
and hedth practices and determine the applicability of regulatory limitations prior to use.

Reference Documents
21  AASHTO Standards
T166 Bulk Specific Gravity of Compacted Bituminous Mixtures
T209 Maximum Specific Gravity of Bituminous Paving Mixtures
T283 Redgtance of Compacted Bituminous Mixtures to Moisture Induced Damage

Summary of Test Method

3.1 A fdling head permeshility test is used to determine the rate of flow of water through a
saturated specimen. Water from a graduated standpipe is alowed to flow through the
saturated asphalt paving mixture sample and the time interva to reach aknown change
in head is recorded. The coefficient of permegbility of the compacted paving mixtureis
then determined based on Darcy’s Law.

Significance and Use

4.1  Thistest method provides a means for determining the water permegbility of water-
saturated samples. It appliesto one-dimensiond, laminar flow of water. It is assumed
that Darcy’s Law isvdid.

Apparatus
5.1  Vacuum container, Type E from T209, and vacuum pump, from T209 including
manometer.

5.2  Spacer - A specimen spacer Smilar to that used in T283.
5.3  Bdancefrom T166.
54  Supply of digtilled water at 23 + 2E C.
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5.5
5.6
5.7

5.8

58

Sedant - petroleum jdly.

Karol-Warner laboratory permeameter shown in Figure B.1.

Timing device - A sopwatch of other timing device graduated in divisons of 1.0
seconds.

Meterstick - A measuring device graduated in 0.1 centimeters.

Saturation of Test Specimens

6.1
6.2

6.3

6.4
6.5

6.6

6.7

6.8

6.9

Note 1:

Determine the bulk specific gravity of the sample in accordance with T166.

Place the specimen in ahorizonta position in the vacuum container supported above the
container bottom by the spacer. Fill the vacuum container with distilled water so that the
specimen is covered by at least 25 mm (1 inch) of water.

Remove trapped air and saturate the specimen by applying a gradudly increased
vacuum until the resdua pressure manometer reads 28 £ 2 mm of Hg. Maintain the
resdua pressure for 15+ 2 minutes. Manudly agitate the container holding the
specimen during the vacuum period by applying 12 taps of arubber malet (3 taps at
each of 4 different location around the perimeter of the container) at 2 minute intervals.
At the end of the vacuum period, release the vacuum by dowly increasing the pressure.
Allow the specimen to stand within the vacuum container, till covered with water, for 5
to 10 minutes.

Determine and record the saturated surface dry (SSD) mass of the specimen according
to T166.

After determining the SSD mass, return the specimen to the vacuum container smilar to
that described in 6.2.

Cdculate the degree of saturation for the specimen asfollows:

% Saturation *® SO & M ( 100
mb L g1
c-:'mb C-:'mm
Where: SSD = SSD miass of sample after vacuum conditioning, grams

M  =dry massof sample, grams
G, = bulk specific gravity of compacted specimens
Gnm = maximum theoreticd specific gravity of specimen (T209).
If the degree of saturation is not greater than or equal to 95 percent, repeat 6.2 through
6.8 except maintain the resdua pressure for 7 + 2 minutes. Repesat these steps until 95
percent saturation is achieved
Because of potentid problems with measuring the SSD mass of coarse graded
mixtures, step 6.9 should only be performed a maximum of two times.
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7. Permeameter Calibration/Verification

71

1.2

With the permeameter completely assembled as shown in Figure 1, use the meterstick
to measure adistance of 10 cm from the bottom of the outlet pipe and place a mark
onto the stlandpipe. This mark will be designated as the lower timing mark.

Establish an upper timing mark by using the meterstick to measure a distance of 30 cm
from the bottom of the outlet pipe. Place amark at 30 cm on the standpipe.

8. Testing Procedure

8.1
8.2

8.3

8.4
8.5
8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

8.14

8.15

Disassemble the permeameter by removing the clamp assembly and cagp assembly.
Connect the pressure line on the permeameter to the vacuum quick connect. Using the
pressure/vacuum pump, apply a vacuum to the sedling tube to remove entrapped air
and collapse the membrane to the indde diameter of the cylinder.

Remove the specimen to be tested from the vacuum container filled with weater and
quickly apply alight coating of sedant to the perimeter of the specimen. Care should be
exercised so that no sedlant gets onto the top or bottom of the specimen.

Place the specimen onto the pedestd at the bottom of the permeameter.

Expeditioudy reassemble the permeameter making sure dl connections are tight.
Disconnect the pressure line from the vacuum quick-connector and connect to the
pressure quick connect.

Apply aconfining pressure of 117 + 13.8 kPa (17 + 2 p3).

Pace atared pan or measure having aminimum capacity of 2000 ml underneath the
outlet pipein order to catch the water exiting the outlet pipe.

Fill the permeameter standpipe to the upper timing mark with ditilled water. Exercise
care when filling to minimize the incorporation of air bubbles. Use of rubber tubing and
acdamp will facilitate the filling operation.

Carefully lean the permeameter from side to side to dlow the escape of any entrapped
ar from underneath the cap assembly. Continue this operation until al entrapped air has
been removed.

Commence the water flow by opening the valve on the base of the outlet pipe. Allow
water to flow until it beginsto exit the outlet pipe. Once the water beginsto exit the
outlet pipe, close the valve on the base of the outlet pipe.

Refill the standpipe to the upper timing mark. Remove water from tared pan or measure
and replace.

Commence the flow of water by opening the valve on the base of the outlet pipe.
Simultaneoudy gtart the timing device.

Observe the water flow through the standpipe and record the time needed for the water
level to fal from the upper timing mark to the lower timing mark. Once the water
reaches the lower timing mark immediately close the valve a the base of the outlet pipe.
Determine the mass of water captured in the tared pan or measure. Determine the
volume of water flowing through the sample asfollows
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10.

2
Volume of water * Bd

(D

Where: d = diameter of standpipe, cm
D = distance between upper and lower timing mark, cm
8.16 Determine the beta factor by determining the percent of water flowing through the
sample that was captured in the tared pan or measure as follows:

W
# Factor = — ( 100
W

Where: W, = water captured in the tared pan or measure, gram
W; = water flowing through sample, cm?
8.17 If the betafactor isbeow 95 percent, the specimen is not saturated sufficiently. If
below 95 percent repeat 8.12 through 8.16. If the beta factor is below 95 percent
again, go back to section 6 and repest through 8.16.
8.18 If the betafactor is 95 percent or above, repeat 8.12 through 8.14 three additional
times. Use the average time of three consecutive tests to compute permesbility.

Calculation
9.1 Thewater coefficient of permegbility, k, is determined using the following equation:

h
kA al
At L h,

Where: k = coefficient of permesbility, cn/s
a=indde cross-sectiona area of standpipe, cn?
L = thickness of test specimen, cm
A = cross-sectioned area of test specimen, cn?
t = average elgpsed time water flowed between timing marks, s
h, = initid head at upper timing mark, cm
h, = fina head a lower timing mark, cm

Report
10.1  For each sample, the coefficient of permesbility is reported in whole units x 10° cn/s.

60
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