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1.0 INTRODUCTION

1.1 Background

Oregon began experimenting with an open graded type asphaltic concrete in the 1930s. Early
tests showed high skid resistance and decreased glare from headlights. Due to the noticed
advantages, this pavement type developed into the plant-mix seal coat that saw substantial use by
Western states in the late 1940s and 1950s (Copas, et al., 1978). The late 1970s saw the change in
open graded mixtures that started Oregon toward the designation of their E and F mixes (Huddleston
et al., 1993).

These mixtures were originally developed as a friction course, but they have also proven to
reduce noise, splash and spray, and rutting. These benefits, along with some problems such as
reduced durability and increased winter maintenance have made it necessary to improve the quality
of the mixes used in porous pavements. To facilitate this improvement, there is a need to quantify
the improved safety as well as monitor the change in mixture properties (e.g., permeability, voids,
etc.) over time. Finally, there is a need to evaluate the feasibility of placing porous pavements on

both existing and new portland cement concrete, because of the limited experience in this area.

1.2  Scope of Study

This study consists of six tasks:

® Task 1: Literature review/questionnaire survey
L Task 2: Field evaluation of porous pavements used in Oregon
] Task 3: Laboratory evaluation

] Task 4: Analysis of data



o Task 5: Field study

] Task 6: Reports

This literature review will complete the first task in a study of porous pavements used in
Oregon. It evaluates the studies which have been completed on porous pavements, and identifies
what needs to be accomplished. Included in this review is a summary of the questionnaire results

from both contractors and users of porous pavements.



2.0 TYPES OF POROUS PAVEMENTS

The purpose of this chapter is to define the properties of a porous pavement. These

properties will be related to the aggregate, asphalt binder, and compacted mix.

2.1 Aggregate

2.1.2 Gradation

Aggregate selection is an important part of the pavement. The Oregon Department of
Transportation (ODOT) uses two types of open graded pavements, and one type of open graded
emulsion mixture (OGEM). The gradations for the open graded E and F-mix and the OGEM, along
with the standard dense graded B-mix are shown in Table 2.1 (ODOT, 1993). Also included in the
table are the gradations for open graded mixes used by the Federal Highway Administration (FHWA,
1992), the Arizona Department of Transportation (Hossain et al., 1991), and the Australian State

Road Authority (AAPA, 1993).

Table 2.1 Broadband limit gradations

SievSe size % 1" 3/4" | 172" | 3/8" 1/4" | No. 8 [ No. 10 | No. 40| No. 200
passing

B-mix (ODOT) [99-100|92-100| 75-91 = 50-70 | — 21-41 | 6-24 2-7
OGEM (ODOT) 100 [95-100f — 15-40

E-mix (ODOT) — 199-100(95-100| — 52-72 | — 5-15 — 1-5
F-mix (ODOT) [99-100| 85-96 | 60-71 — 1731 — 7-19 — 1-6
FHWA (WDFD)| — - 100 |[3347| 7-13 — — 2-4
Australia — — 100 96 29 12 — — 4
Arizona DOT — — 100 | 95-100 | 19-46 | 0-28 — 0-16 0-5




2.1.2 Aggregate Types

In order to maintain the desired surface microtexture, a good polish resistant aggregate is
desired. The aggregate must be 100% crushed material with at least 75% by weight of the coarse
aggregate having at least two fractured faces, and 90% with one or more fractured faces. This

enhances the structural stability, particularly with thicker layers (Smith, 1992).

2.2  Asphalt Binders

2.2.1 Asphalt Content

Section 745.12 of the Oregon Specifications states that the asphalt content should be 4-8%
by weight for the total mix. The actual job mix formula (JMF) is to be submitted to and approved
by the ODOT Engineer of Materials and Research (ODOT, 1993). The large proportion of voids
in porous pavements necessitate a high binder film thickness on the aggregates. This reduces the
oxidation of the binder. Typical dense graded mixes achieve a 4-8 micron average film thickness,
but porous pavements achieve 20-25 micron film thickness. Because of this, the asphalt tends to
have a problem with draining down to the bottom of the mixture. Asphalt cements used in open
graded mixtures have to be resistant to this effect. Research has been conducted in Belgium
concerning the addition of cellulose fibers to the mix as a mineral filler to help the asphalt cement
hold on to the aggregate (Decoene, 1990). Mixing temperature is also reduced well below that of
conventional dense graded mixtures. The maximum recommended temperature at the mixer is 265°F

(129° C) for open and 325°F (163°C) for dense graded mixtures (OSHD, 1991).

2.2.2 Asphalt Grade
The current ODOT specifications for use in open graded mixes are shown in Table 2.2

(Huddleston et al. 1993).



Table 2.2 Binder specifications for porous pavements (After Huddleston et al., 1993)

Asphalt Binder Test

Asphalt Binder Grade

PBA-5 (mild climate)

PBA-6 (cold climate)

Penetration
(4°C, 200 g. 60s)
dmm

15 min.

30 min.

Absolute Viscosity
(60°C) P
RTFO Aged Residue

4000 min.

5000 min.

Kinematic Viscosity
(135°C) CST
RTFO Aged Residue

400 min.

400 min.

The FHWA technical advisory T5040.31 recommends AC-20 for use with open graded mixtures

(FHWA, 1990). It also adds that this can be modified for different mixture needs.

2.2.2.1 Polymers

Polymer modified asphalts are believed to provide better stability and resistance to ravelling
(Booth, 1991). A study in Spain has shown that the use of polymeric bitumen can diminish the effect

of post compaction of porous pavements (Ruiz et al., 1990). This same study has shown that the

use of the polymer bitumen can significantly reduce the problem of asphalt draindown.

2.2.2.2 Emulsions

Open graded emulsion mixes have been used throughout Oregon. These mixes generally use

a CMS-2 or CMS-2h emulsion (Hicks et al., 1993). Open graded emulsions are also being used as

a method of patching hot mixed open graded asphalt.




2.3 Mix Properties

2.3.1 Voids

Porous pavement mix properties seem to be constantly changing. When ODOT constructed
their first open graded mixes, the design voids were around 10 to 15%. Presently the F-mixes are
being designed for 15-20% voids in the mixture (ODOT, 1993). This is because experience has
shown that increasing the voids in porous pavements provides greater safety advantages without
reducing the durability of the mixture. Voids used in Arizona are 22% (Hossain et al., 1991), 15-

20% in France (Berengier et al., 1990), and 20% in the United Kingdom (Nelson et al., 1990).

2.3.2 Strengths

Research by Caltrans in 1989 indicated that the 70°F (21°C) resilient modulus of OGFC is
around 150 ksi (1.03 GPa) (Moore, 1989). A similar study by the Arizona DOT produced a 77°F
(25 °C) resilient modulus of 185 ksi (1.27 GPa) (Gameyel et al. 1988). This shows that there is
some agreement as to the modulus of porous pavements. Pavement designers at ODOT have stated
that because of the relatively low structurai capacity of the F-mix, this pavement type is generally
used as a wearing course, and not considered part of the pavement’s strength. The idea that the

porous mixture does not contribute to the structural strength is supported by FHWA (FHWA, 1990).

2.4 Uses of Porous Pavements

There are various uses for porous pavements. These can be divided into two major
categories, one is a partial depth pavement overlay which improves the condition of the pavement
surface. The other is a full depth porous pavement which allows the surface water to drain through

all of the pavement layers.



2.4.1 Partial Depth

Generally, porous pavements are used as a non-structural friction course. The depth of these
pavement layers are usually around 1.5 to 2 inches (3.8 to 5.1 cm). Open graded pavements are
usually only placed over sound underlying layers because of the low structural capacity. In order
to obtain good internal drainage, it is necessary to place a leveling course under the open graded

layer, and then seal the leveling course to minimize water infiltration.

2.4.2 Full Depth

Another use of open graded pavements is as a full depth porous pavement structure. The
Arizona Department of Transportation conducted a study on full depth porous pavement structures
(Hossain et al. 1991). This pavement consisted of an 8 in (200 mm) open graded hot mix, 6 in (150
mm) of open graded asphalt treated base, and an 8 in (200 mm) open graded subbase. A 3500 ft
(1070 m) section of this pavement was layed in 1986. This pavement was evaluated for subgrade
moisture level, rut depth, pavement distress, structural adequacy using the falling weight
deflectometer, ride using the Mays roughness meter, surface friction using the Mu skid resistance
meter, and mix properties using core tests. This pavement section has performed quite well, and by
1991 the permeability of the pavement was still significantly above the permeability required to drain
the design storm. Interestingly, this pavement had a slightly higher rut depth than the adjacent dense

graded control pavement.






3.0 ADVANTAGES AND DISADVANTAGES OF POROUS PAVEMENTS

This chapter discusses the important characteristics of porous pavements and identifies

advantages/disadvantages of their use.

3.1 Skid Resistance

A major advantage of porous pavements is their ability to improve wet weather skid
resistance. In a dry situation, the skid resistant properties of open graded friction courses (OGFC)
are equal to or slightly less than that of a normal dense graded asphalt concrete (DGAC). The main
benefit of an OGFC is that the skid resistance is not as speed dependent as conventional pavement.
The high macro-texture of the pavement improves the skid resistance at higher speeds (Huddleston
et al., 1993). An example of this is shown in Figure 3.1. The skid properties of OGFC at low
speeds are not as good because the pavement lacks the necessary micro-texture. Because of this, it
is necessary to use high polish resistant aggregate with a high number of fractured faces (Isenring
et al., 1990).

Porous pavements have acceptable friction numbers just after construction; however, the
friction numbers are lower than ODOT staff would like them to be. Because of the high binder film
thickness required for the mix, the surface can be glossy and slippery just after laydown (Booth,
1991). This problem is worse when wet weather occurs after a new surface is finished. ODOT
completed a study of five newly constructed F-mix pavements in an attempt to quantify this
phenomenon (ODOT, 1993). Figure 3.2 shows the change in friction numbers over time from 0-50
weeks for both B and F-mixes. It can be seen that the friction values of the porous F-mix seem to

raise at a slower rate than those for the B-mix. However, ODOT believes that the advantages of
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porous pavements still outweigh the disadvantages. A few different methods of increasing the

friction properties of OGFC include applying a sand seal or lightly grinding the mix surface.

3.2 Noise Reduction

Another benefit of porous pavements is their noise reducing capabilities. When porous
pavements were first developed, there were concerns that the increased macro-texture would increase
the noise, but the early reaction from drivers was that the noise from porous pavements seemed to
be lower (Copas, et al., 1978). Because of this, many studies have been completed dealing with the
acoustic properties of porous pavements. The noise levels are a function of traffic flow rate,
smoothness of traffic flow, percentage of heavy vehicles in the traffic stream, average speed, gradient
of road, and condition and type of pavement surface (Horak, et al., 1994).

The reason porous asphalt pavement is actually quieter than conventional pavements is that
the pores absorb some of the sound (Berengier et al., 1990). This is unusual because dense AC and
PCC pavements absorb almost none of the sound. A 1986 environmental law that fixed noise
emission values in parts of Europe, made the concept of a quiet pavement very desirable. The
general consensus is that porous pavements tend to decrease the sound pressures by around O to 6
Db(A) (Smith, 1991).

Because the human ear can only detect about a 3 dB(A) change in sound, there must be
another reason the public believes porous pavements to be quieter. A number of agencies have
conducted 1/3 octave frequency analyses on porous pavements. An example of a typical study was
one from the Maryland State Highway Administration (Polcak, 1990). In this experiment,
measurements were taken on the northbound and southbound lanes of I-695 at a junction between
an OGFC and a PCC pavement. Figure 3.3 shows the results from the northbound lane. Another

study is one completed by TRRL in the U.K. (Nelson et al., 1990). This experiment was conducted

12
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on A38, about 39 km north of Birmingham. This 2.8 km stretch of roadway contained about 15
different types of mixes from conventional hot rolled asphalt (HRA) to polymer modified porous
pavement. Figure 3.4 shows the difference in decibel levels between a HRA and a polymer modified
OGFC which were layed in 1984. Noise tests were conducted in 1985 and 1988. The graph for
both Maryland and the U.K. show that at higher frequency levels (> 600 Hz), the decibel levels
decrease. Because humans perceive higher frequencies as being more annoying, porous pavements

are believed to provide a quieter ride.

3.3 Hydroplaning

During high intensity rain storms PCC and dense graded AC pavements can pose a hydro-
planing safety problem because the surface water may not run off fast enough. The porosity of
OGFCs provide an efficient way to drain water from a pavement surface. The rain can escape into
the voids of the pavement, thus providing extra drainage which can greatly decrease the problem of
hydroplaning (Copas, et al., 1978).

A study in Switzerland evaluated the changes in permeability over time. Figure 3.5 shows
how the permeability changed over a five year period. The permeability normally decreases when
the pavement voids are filled with soil particles. This effect is reduced in the wheel tracks because

of the suction effect from the tires which pulls the soil out of the voids (Isenring et al., 1990).

3.4 Splash and Spray

A significant advantage of porous pavements is the ability of this pavement type to reduce
splash and spray. Many agencies have noted this attribute of OGFCs, and there are many good

pictorial representations of the reduced spray. An interesting study was carried out by the Transport

14
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and Road Research Laboratory (TRRL) in the U.K. using the same pavement strip described in their
noise study (Nelson, 1990). TRRL developed an electronic device which measures light backscatter
from a laser source in which the spray is measured as a voltage received from the detector. Figure
3.6 shows the graphical representation TRRL used to show the results of their test. The results show
that the porous mixes have little to no splash and spray when compared with the control, hot rolled

asphalt,

3.5 Construction

From the questionnaire survey (see Chapter 4), some interesting observations on the
construction of Oregon’s F-mix were noted. There are both good and bad points in the construction
of porous pavements. One of the good points is that for compaction, only the number of roller
passes required for acceptability is specified. For general construction practices, however, the
laydown of porous pavements presents some challenges. Due to the lack of fine particles in the mix,
it is difficult to feather the mix to conform to the adjacent pavement grade. Tapers (or any
handwork) create problems, as porous mixtures do not rake well. Because porous mixtures have
such a high binder film thickness, draindown of the asphalt during hauling can occur. In order to
minimize draindown, haul distances have to be reduced. The use of modified binders also reduce

draindown.

3.6 Winter Performance

In general, the winter performance of porous pavements has been variable because the macro-
texture of an OGFC poses a problem with snow plowing. The blades of the plows have been found

to pick the coarse aggregate out of the pavement surface (Huddleston et al. 1993). The increased

17



(0661 ‘UOS[ON J9YY) "€V SUI UO PIe[ SUONISS PEOI [BLN) o1 J0oy pI02da1 Aeids TeordL], 9°¢ aanSiy

< I ot Lzt T et vt fx]st|z| x
w uHo o E 4 E 3 9 “Hm l I T Il z
> | > > > > > > > >
< \p\( ~OR = 0
o
— 0C
it o
1jeydsyy pajoy 10H ‘wHH - oY
apis-440 aue"
ydwqy paadg — 0§
Aep/ww |'f = €' |Igjuiey
Bl 86| wepedew snotiad goy a1ig — 09
g8 0L'LZ =eQ
—0¢

(Aw) Aeids pajessuab jo xapu|

18



voids also make it more difficult to use deicing chemicals on porous pavements. The chemicals tend
to drain through the porous layer faster than for dense graded pavements. A study in Italy states that
porous pavements require about three times the amount of chemical used for dense graded removal
(Camomilla et al., 1990). There is not complete agreement on the topic of de-icing chemicals. A
survey for OGFC use in the USA is documented in NCHRP Synthesis 180 (Smith, 1992). The
survey states that 12 agencies indicated no difference, eight agencies indicated less effectiveness, and
two indicated that de-icing chemicals were more effective on OGFC.

Another winter maintenance problem with OGFCs is that the use of sand for winter traction
may clog the voids of the pavement and reduce the drainage characteristics. Also, the porosity of
this pavement type make it more susceptible to rapid temperature changes. OGFCs tend to freeze
faster than conventional pavements. For the same reason, OGFCs have been noted to thaw faster
than conventional pavement types. The Italian study also reports research on the winter performance
of open graded mixes (Camomilla et al., 1990). An interesting observation by the authors of this
paper is that the blade of snowplows tended to compress the snow into the pavement voids until

traffic brings the snow to the surface in the form of a slush which easily freezes at low temperatures.

3.7 Okxidation

Oxidation of the porous asphalt surfaces has been a problem (Smith, 1992). When oxidation
occurs, the pavement tends to have problems with ravelling. Due to the large quantity of voids in
a porous pavement, oxidation of the binder can be a major problem. This can be prevented by the

high binder film thickness described earlier.
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3.8 Rutting

Porous pavements have shown a considerable resistance to rutting. This is primarily due to
the interlock of the large quantity of coarse material in the mix (Huddleston et al. 1993). A study
in the U.K. has shown that porous asphalt pavement does not deform excessively (Colwill et al.
1993). The rutting that did occur in their porous pavements was attributed to post compaction of

the binder after some aging.

3.9 Glare Reduction

Porous pavements have been known to reduce headlight glare during wet weather. A good
example of this is shown in NCHRP Synthesis 180 (Smith, 1992). Without the annoying headlight
glare, drivers can see the road more clearly and feel safer about keeping up normal speeds. This

can minimize traffic congestion, because the headlight glare is no longer a nuisance to the driver.

3.10 Patching

Patching of open graded mixtures has posed a problem. Since porous pavements drain
laterally, large patches of dense graded mix will disrupt the lateral draining. These roads are usually
not patched with open graded hot mix, because asphalt batching plants do not like to make small
quantities of open graded mix due to the different mixing properties associated with this mix type.

A good practice to solve this problem is to patch problem areas with open graded emulsion mixtures.
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3.11 Summary

3.11.1 Major Advantages

The following are the major advantages of porous pavements:
Spray reduction
Reduced hydroplaning
Noise reduction
Improved skid resistance
Good rutting resistance

Reduction in headlight glare

3.11.2 Major Limitations

The following are the major limitations of porous pavements:
Potential construction problems, particularly involving thin lifts
Increased potential for oxidation

Increased potential for snow plow damage
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4.0 QUESTIONNAIRE SURVEY

This chapter describes the procedure used in the questionnaire survey. It also summarizes

some of the major findings which resulted from the survey.

4.1 Scope

A questionnaire survey was conducted with the users of the F-mix in Oregon. These users
include the contractors, ODOT project managers (construction), and the ODOT district managers
(maintenance). A questionnaire was sent to each of these user groups. Responses were received
from 20 out of 48 contractors, 9 out of 16 district managers, and 19 out of 31 project managers.
The questionnaire forms are shown in the appendix along with the tabulated results.

These surveys were sent to these groups in an attempt to facilitate better communication of
current practices. During the literature search, several problems with porous pavements were
discovered. The questionnaires were an attempt to gain the opinions of the users on some of these

problems.

4.2 Contractors

The contractors’ survey provided a good insight into some of the F-mix construction
problems that have been noted, including tapering, feathering, draindown, raking, and chunking.
The survey addresses how contractors relate to construction aspects. Question #2 asked the
contractors how F-mixes compared to dense graded mixes. On a scale of 1 to 5 (with 1 being very
poor, 5 being very good, and 3 being equal), there is agreement that compaction of F-mixes is easier
to construct than dense graded mixes (avg = 4.5), and that hand work is more difficult (avg = 1.1).
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As far as mixing and laydown, there appeared to be no difference. The tables in the appendix

display some of the problems encountered and their solutions.

4.3 Project Managers

The project managers’ survey was much like the contractors survey, except that it dealt also
with the use of F-mix in different applications. One of the aspects of this survey was a question
about placing F-mix over PCC. There was no agreement between the project managers. Some
indicated they did not foresee any problems, while others recommended against the process. Some
offered no opinion. An interesting result of the survey is that about 50% of the project managers

did not have any experience with modified asphalts.

4.4 District Managers

The district managers’ survey dealt with the problems of maintaining an F-mix. A section
of this survey dealt with winter maintenance areas. There seems to be little agreement between
managers. Some say that F-mixes reduce ice problems, that snow dissipates quicker, and that less
sanding is required. Others say that winter maintenance is more difficult for F-mixes

Another aspect the district managers were asked about was type and extent of distress. The
survey asked the managers to compare F-mix with dense graded mixes in the areas of rutting,
potholing, bleeding, reflection cracking, and stripping. On a scale of 1 to 5 (with 1 being very poor,

5 being very good, and 3 being equal), F-mixes came out 4 or higher for all five distress types.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Porous pavements have many desirable characteristics. They reduce noise, hydroplaning,
splash and spray, rutting, and cracking. In order to improve upon this pavement type, it is necessary
to correct some of the maintenance, oxidation, and construction problems. Since porous pavements
greatly improve roadway safety over either dense graded AC or PCC pavements, the advantages of
porous pavements seem to outweigh the disadvantages. With further experimentation, the

disadvantages may be minimized.

5.2 Research Recommendations

The information gathered during the literature review indicates that ODOT needs to better
quantify their porous pavements. A study which documents the change of properties over time
would be very helpful. From the reviewed literature, it appears as if many agencies have found that
polymerized binders have improved many of the pavements characteristics, but ODOT has not looked
into optimizing the mix properties of F-mixes.

The Oregon Department of Transportation should attempt to quantify how their open graded
pavements stand up to noise reduction and splash and spray. Devices that could measure these
properties could be invaluable in determining which open graded mixtures will work best. The
monitoring study will be very helpful in tracking these changes over time.

Placing OGFC over PCC could be beneficial in increasing safety on road surfaces. Due to
the lack of agreement between the ODOT managers (or any of the literature reviewed), there is a

need to evaluate this practice. Studies should be performed to evaluate this type of composite
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pavement. This study should focus on bonding of layers, reflection cracking problems, and

conditions required for PCC layers.
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APPENDIX A

Contractors Survey



Name:
Position
Phone No.
Fax No.
Address:

F-MIX PAVEMENT CONTRACTORS QUESTIONNAIRE
1. Have you constructed an F-mix pavement in the last five years? (Circle one)

1 YES

2 NO
L—> la. Briefly, please explain why you have not been involved with this

pavement type before returning this questionnaire.

2. How would you rate the following F-mix construction processes as compared to conventional
dense graded mixes? (Circle one number for each

VERY VERY
POOR GOOD "
a) MIXING .cocevvvnienansnraanaennans 1 2 3 4 5
'b) Compaction ......oceeceeeeenenes 1 2 3 4 5
¢) Hand work .....eieeeiieaciciannanes 1 2 3 4 5
d) Laydown ....cc.cevineeensannas 1 2 3 4 5

3. Please indicate whether or not you use the following methods to deal with draindown. (Circle
one number for each)

YES DON’T
USE USE

a) Lower mMiX tEMPETAUTE ...cccccevriraruisreeriernensanessaaansasaseens
b) RemiXing at SIE ..c.ccciievirieemrsieeneeieseeree e snnesaeaennaeaanes
¢) Lower asphalt COMENL ....c.veeiiereeeieieeeeceeereee e
d) Other (specify ) J—

— et ek
NN NN




4. Do you have a problem with chunking of your F-mixes? (Circle one number)

1 NO
2 YES

(_—> 4a. Briefly, what is the primary cause for the chunking, and what 1s the cure?

5. Are the porous pavements easier to compact than conventional mixtures? (Circle one number)

1 YES (Answer question 5a.)
2 NO (Answer question 5b.)

5a. Briefly, why are porous pavements easier to compact?
5b. Briefly, what compaction problems are found?

6. How soon after final rolling pass can traffic be allowed on the new mixture? (Circle one)

.1 Immediately
2 Within 1 to 2 hours
3 Other (specify )

7. How does modified asphalt (PBA-6) effect the constuctability of F-mixes

8. Briefly, how do you deal with the problem of tapering an F-mix?



9. Briefly, how do you deal with the problem of feathering an F-mix?

10. Are there any conventional pavement construction processes you feel can not be reasonably
achieved with an F-mix?

11. Is there anything else you would like to say about porous pavements?

Please return this questionnaire to:

Dr. R. Gary Hicks

Professor of Civil Engineering
Oregon State University
Covell Hall 106

Corvallis, OR 97331
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APPENDIX B

Project Manager User Survey



Name:

Position

Phone No.

Fax No.

Address:

F-MIX PAVEMENT PROJECT MANAGERS QUESTIONNAIRE

1. Have you been in involved with the construction of an F-mix pavement in the last five years?

(Circle one)

1 YES

2 NO
L» la. Briefly, please explain why you have not been involved with this

pavement type, then return this questionnaire.

2. How would you rate the following F-mix construction processes as compared to conventional

dense graded mixes? (Circle one number for each

a) MIXing .oeiieeiiciciiecancceeene
b) Compaction ....c.cceeceeeeceeeeacenns
d) Raking ...ccceoeecviiiniicinnnniannanes
e) ConstruCtion ......o.cceeceeeeeee.

VERY VERY
POOR GOOD '
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5

3. Please indicate whether or not you use the following methods to deal with draindown. (Circle

one number for each)

a) Lower mix tEMPETAtUre ....cccceeeeeeieccceressonmmssnssmmsnenssnss
b) RemIXing At SIE ..cereeeeciaceeecmcancaereacctenresasaecsnsassnanes
c) Modified ASphalts .....ccccceeciieaccerasiracecnscrcsesnsenecaeanene

d) Only short transport distances
c) Other (specify

YES
USE

Prmd ek pamd ke

DON’T

e |

[SCR SO R SO R S I OV



4. To what depth are F-mixed usually constructed?

INCHES

5. How does modified asphalt effect the following F-mix properties? (Circle one number for

Each)
‘GOOD POOR
a) Film thiCKNESS eueeeeeieeeiccccee e ceteeeee s eeeesseseessannnnens 1 2 3
D) DUrability eceeeeceeececocieeieeeceee e eeaeesee e e sene e e ee e eenesaeas 1 2 3
1 2 3

C) Constructabillty  coeecieieiiiieeeicaecricesaeseeecee e snnacseaas

6. In the placement operations, do the porous pavements tend to segregate more than
conventional mixtures? (Circle one number)

1 NO

E 2 YES
5a. Briefly, what is the primary cause for the segregation?

7. What would be the preferred method for rehabilitating F-mixes? (Circle one number)

1 Recycling

2 Mill and Fill

3 Overlay

4 Other (specify )

8. When can traffic be allowed on the new mixture? (Circle one)

1 Immediately
2 Within 1 to 2 hours
3 Other (specify )




9. Would there be any long term problems in placing a porous overlay on concrete pavements?
(Circle one number)

1 NO

2 YES
LV 8a. What problems would you expect? (Circle appropriate numbers)

YES NO ”

PROBLEM PROBLEM

a) Bonding of Iayers .....cccceciceeiciiicrnsnecannns
b) Reflection cracking .....c.ceeeceeveeicerceecneaanns
¢) Ride QUAlity ..ccoeeeieiieieiirieciecrea e aae
d) Other (specify ) I

Pk pmd ek pomd
[\SIE ST S 3 S

10. What F-mix construction problems and solutions do you believe are important?

PROBLEM SOLUTION

11. Is there anything else you would like to say about porous pavements?



QUESTION #1 Have you been involved with the construction of an F-mix pavement in the last five years?

Lamry E. Carson X
Central Point

Chuck Cuttis X
Newport

Steve Donaldson X
Coquille

Tom Falls X
Astoria

Lee Franklin X
Salem

P. Gagnier X
Portland

Thomas A. Gamer X
Bend

Merle Hill X
Clackamas

Byron Inman X
Salem

Buzz Kleemeyer X
Troutdale

Larry Lewter X
Hermiston

Lamry Lindley X
Eugene

Michael B. Merrigan X
Portland

Earl Mershon X
Portland

Paul Meyers X
Corvallis

Jerry Mills X
Hermiston

Donald A. Pasel X
Coquille

Jarard G. Richardson X Have not had F-mix specified on any
Portland projects.
Jim Risley X
Coquille

Bob Staggs X

Salem




QUESTION #2 How would you rate the following F-mix construction processes as compared to conventional dense graded
mixes?
(On a scale of 1 to 5, 1 being very poor and 5 being very good)

F-Mix CONSTRUCTION PROCESSES
PROJECT MANAGER MIXING COMPACTION RAKING CONSTRUCTION

Larry E. Carson

Central Point

Chuck Curtis 4 5 1 4
Newport

Steve Richardson No Comment 2 No Comment No Comment
Coquille

Tom Falls 3 4 1 3
Astoria

Lee Franklin 5 No Comment 1 4
Salem

P. Gagnier 4 34 1 4-5
Portland

Thomas A Garner 4 5 3 4
Bend

Merle Hill 3 4 1 4
Clackamas

Byron Inman 4 4 2 4
Salem

Buzz Kleemeyer 2 4 2 4
Troutdale

Larry Lewter 3 4 1 3
Hermiston

Larry D. Lindley 4 5 1 4
Eugene

Michael B. Merrigan 4 3 1 3
Portland

Earl Mershon 4 4 2 4
Portland

Paul Meyers 3 3 2 3
Corvallis

Jerry Mills 4 4 2 3
Hermiston

Donald A. Pasel 2 4 2 3
Coquille

Jim Risley 3 3 1 3
Coquille

Bob Staggs 4 3 1 5
Salem
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QUESTION #4 To what depth are F-mixes usually constructed?

PROJECT MANAGER DEPTH (IN INCHES)

Larry E. Carson
Central Point

15-2

Chuck Curttis
Newport

15-2

Steve Donaldson
Coquille

Tom Falls
Astoria

Lee Franklin
Salem

P. Gagnier
Portland

Thomas A. Garner
Bend

Merle Hill
Clackamas

Byron Inman
Salem

Buzz Kleemeyer
Troutdale

Lamry Lewter
Hermiston

Lamry D. Lindley
Eugene

Michael B. Merrigan
Portland

Earl Mershon
Portland

Paul Meyers
Corvallis

Jerry Mills
Hermiston

Donald A. Pasel
Coquille

Jim Risley
Coquille

1.5

Bob Staggs
Salem

2+
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QUESTION #6 In the placement operations, do the porous pavements tend to segregate more than conventional mixtures?

PROJECT MANAGER YES “ COMMENTS

Larry E. Carson X
Central Point

Chuck Curtis X
Newport

Tom Falls X
Astoria

Lee Franklin X
Salem

P. Gagnier X
Portland

Thomas A. Garner X
Bend

Merle Hill X The larger aggregates tend to roll down the sides whenever
Clackamas mix is dumped or placed

Byron Inman X Proper laydown methods are critical, i.e. overlapped
Salem windrows, proper screed adjustments, not emptying wings on
hopper, keeping proper load on augers.

Buzz Kleemeyer X
Troutdale

Lamry Lewter X
Hermiston

Lamy D. Lindley X
Eugene

Michael B. Merrigan X
Portland

Earl Mershon X Raking can cause segregation after placement.
Portland

Paul Meyers X
Corvallis

Jerry Mills X
Hermiston

Donald A. Pasel X Improper mixing, overhandling, and overheating
Coquille

Jim Risley | X
Coquille

Bob Staggs X The boniness of the mix to begin with and the draindown
Salem causing less bonding
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QUESTION #8 When can traffic be allowed on the new mixture?

PROJECT MANAGER IMMEDIATELY

Larry E. Carson
Central Point

X

Chuck Curtis
Newport

X

Steve Donaldson
Coquilte

Tom Falls
Astoria

Lee Franklin
Salem

Generally 1-2, unless in a heat wave
situation.

P. Gagnier
Portland

Depends on temperature, ambient and
mix.

Thomas A. Garner
Bend

Varies, some mixes can handle traffic in
two hours, others may take four to six
hours. The type of polymers may be the
difference.

Merle Hill
Clackamas

Byron Inman
Salem

Buzz Kleemeyer
Troutdale

Larry Lewter
Hermiston

Depends on the weather and
temperature.

Lamry D. Lindley
Eugene

Michael B. Merrigan
Portiand

Earl Mershon
Portland

Paul Meyers
Corvallis

Jerry Mills
Hermiston

X
(when watered)

Donald A. Pasel
Coquilte

2-3 hours

Jim Risley
Coquille

Generally after the roller has made a
pass. | have seen cars cross the new
mat right behind the paver without doing
permanent damage

Bob Staggs
Salem
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APPENDIX C

District Managers User Survey



Name:
Position
Phone No.
Fax No.
Address:

F-MIX DISTRICT MAINTENANCE SUPERVISORS QUESTIONNAIRE

1. Have you been in involved with the maintenance of an F-mix pavement in the last five years?
(Circle one)

1 YES

2 NO
L—> la. Briefly, please explain why you have not been involved with this

pavement type, then return this questionnaire.

2. How do your F-mixes compare with conventional dense graded pavements for each of the
following distress problems (Circle number for each). 7
VERY EQUAL VERY ~
POOR GOOD l
2) RULHNZ <o eccescceseee e raeeasessesssssensns
b) POthOIING.....ceeeeeeceeeeeeace e e e eeee e cceescrenanens

1 2
1 2
C) Bleeding ..ccoeeeciecemreeccaniairecce e ctiatcnneenens 1 2
1 2
1 2

d) Reflection Cracking ....coccccececcmnniincciniscnsencnnas
€) SHIPPING -ereemeecarecceiceseiecccereaaseasnesens e aenranens

3. Briefly describe your feelings on de-icing chemicals for F-mix pavements.

4. Brefly describe your feelings on winter sanding of F-mix pavements.



5. Brefly describe your feelings toward sweeping of F-mix pavements.

6. Which of the following do you use for patching F-mix distress problems (Circle one number

for each)
DON’T YES
USE USE
a) F-mix . eeeeveaesaeararansensnne eeeaesennennes 1 2
b) Open Graded BMUISION ........coeeeremererereerasesessssssssessssmssessnees 1 2
c) Dense graded hOt MIX ...c.occceeeuerererescsasesesesesessasssesesasesssnes 1 g
1

d) Dense graded Emulsion ........... eeeceeaeeeasnneas

7. What would be the preferred method for rehabilitating F-mixes? (Circle one number)

1 Recycling

2 Mill and Fill

3 Overlay

4 Other (specify )

8. Do you feel there are any F-mix maintenance problems and solutions that deserve recognition

PROBLEM SOLUTION

9. Is there anything else you would like to say about F-mix pavements?
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