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DISCLAIMER
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reflect the official views or policies of the Washington Stdbepartment of
Transportation or the Federal Highway Administration. This repor doeconstitute a

standard, specification, or regulation.
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OBJECTIVE

The primary objective of this experimental feature is to ew@lbhaw a new portland
cement concrete pavement with a carpet drag finishing wiktréhe wear from studded
tires. The wear measured on portland cement concrete pavemethts state of
Washington is primarily due to allowing studded tires to be used bethNevember 1
and March 31. The damage from studded tires results in gradual dishimg wheel
paths to actual visible ruts in the wheel paths. In the case oftandard finishing
method, transverse tining, this loss of material results in no visible traoe tfing after
as little as three years of traffic. Figure 1 shows a red@cpavement that was
constructed in 1995 on state route (SR) 395 just south of Interstatet®dligvicinity).
At the time of this photo, this pavement had been in service for yeaes (photo taken
in 2003). The average annual daily traffic on this route is approsdyn@t800 vehicles.
It can be seen that the tining in the wheel paths has lmeepletely worn away due to

studded tires (note that the tining is still visible at the pavement edges).

No Tining in
wheel paths

Tining

Figure 1. Concrete pavement on SR-395 south of Interstate
90 interchange.
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In contrast, Figure 2 shows a 13 year old concrete pavement locatetbistate 45 in
Houston, Texas. Note the clear pattern of the tine marks at®sntire width of the
pavement lane. The average daily traffic count on this sectiomesbtate is 178,000
vehicles per day. Though the state of Texas allows studdsditineality the climate in
Texas does not typically warrant the use of them. The damaffexs of studded tires

is clearly observable in these two examples which is made ewvem anamatic when
considering that the Texas pavement has received more than 2ahenesily traffic
volume (6,800 versus 178,000) and has been in place for almost twice ther mimbe

years (seven years versus 13 years) as the pavement on state route (SR) 395.

Figure 2. Concrete pavement on Interstate 45 in Houston,
Texas after thirteen years of traffic.

An even more dramatic example of studded tire wear is showrgureFB. The
wear, in this case, has formed %z inch deep ruts in the portland cement cona@stergav
This type of rutting is especially prevalent in the Spokane areiah is reported to have

the highest use of studded tires in the entire state.
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Figure 3. Wear due to studded tires on a portland cemen
concrete pavement (I-90 vicinity of Spokane).

This project may also provide a site for monitoring tire/pavemeige as WSDOT
investigates the feasibility of using different types of paeet as mitigation strategies to
reduce roadway noise. The carpet drag finish has been shown to ber‘gthan
transverse tining. We intend to monitor this section once measuregepiment has
been purchased and test procedures have been finalized which igéxpemtcur before
the summer of 2006.

One of the challenges facing WSDOT is to reduce the axees®ar pavements
receive from studded tires. A series of experimental featame underway that address
various strategies to mitigate this type of wear (Table These include the use of
combined aggregate gradation, higher strength mix designs, anexithat produce a
harder cement paste. A companion project has been constructedSipoltene area on
[-90. On that particular project, Contract 6620, Argonne Road to Sullized,RVIP
286.91 to 292.38, the entire project was built with the carpet drag finighiiegss and it
included special test sections of higher flexural strength svexel mixes with concrete

hardener additives. The key to this experimental feature isvthabw have a concrete
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pavement on a heavy trafficked roadway in Western Washington to iooenplthe

project on 1-90 in Spokane.

Table 1. Experimental features on mitigation of studded tire wear inPCCP.

Exp. Feature

Experimental Feature Title

Location

Number
01-02 Combined Aggregate Gradation |-90, Sprague Ave I/C Phase llI,
for PCCP C6947
03-02 Ultra-Thin Whitetopping/Thin | 1-90, Sullivan Road to Idaho State
i Whitetopping Line, C6582
PCCP Features (Carpet Drag, | I1-90, Argonne Road to Sullivan Road
03-04 Flexural Strength, and Surface | C6620
Smoothness)
04-01 Use of Hard-Cem in Concrete | 1-90, Argonne Rd. to Sullivan Rd.,
Pavements C6620
05-02 PCCP Features (Carpet Drag antd5, Federal Way to S. 317th Street
) Noise Mitigation) HOV Direct Access, C6757
05-04 PCCP with Higher Slag and [-90, Argonne Road to Sullivan Road
Cement Content C6620
05-05 PCCP Features, (Carpet Drag | I-5, Pierce Co. Line to Tukwila I/C -

and Noise Mitigation)

Stage 4, C6883
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BACKGROUND

The Federal Highway Administration technical advisory T 5040.36, entitlediat&ur
Texture for Asphalt and Concrete Pavements,” provides guidance és ségarding
pavement types or mitigation strategies that have been sfudgegzoviding pavements
with acceptable friction resistance characteristics. H®dgsory can be found at the
following website:

http://www.fhwa.dot.gov/legsregs/directives/techadvs/t504036.htm

The advisory lists tining, exposed aggregate surface, broom ocialttfirf drag,
diamond grooving, and diamond grinding as treatments that can yield adelegat
weather friction characteristics for concrete pavements. ciibiee of artificial turf drag
comes with the additional requirement that states must provide tatothe technique
will provide adequate wet weather friction resistance over thg-tierm. The advisory
does not define “long-term,” but because it is a safety issuenagie presume that it is
an extended period of time such as 20-30 years. This experinfeaiale will collect
information on the long-term performance of artificial turf drathwespect to friction
resistance and also wear resistance.

Currently there is a national interest in the possibility tleatamn hot mix asphalt
pavement types or certain concrete finishing techniques could beasiseibstitutes for
noise walls or used in conjunction with walls as an overall acceptabte reduction
strategy. The use of aggressive tining has been cited as onecatifes of higher noise
levels by some states. As a result, FHWA is allowintgsteo experiment with different
finishing techniques as a means of providing sufficient supporting @aléotv their use
as a noise mitigation strategy. Again, long-term performane issue that must be
resolved through documentation of noise and pavement performance. udhttirae as
a strategy or methodology has proved to provide a quieter paverantime, FHWA
will restrict the use of pavement type or finishing method asise abatement measure.

FHWA has developed guidelines for qualification of pavement type as an aceeptabl
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noise mitigation strategy under a program called “Quiet PawerRdot Program”
(QPPP), see website for more details:

http://www.fhwa.dot.gov/environment/noise/gqpppmem.htm

It is not currently WSDOT’s plan to file a QPPP plan, but we iaterested in
collecting data on different pavement types and finishing methodsdh#l result in a
reduction of noise for communities in our state. The Arizona Depattroé
Transportation (ADOT) is leading efforts to qualify asphalt-rubibetion courses as
noise mitigation strategies and has filed a QPPP plan. WtS®OT's intent to work
closely with ADOT and the states involved in the State Paveniechnology
Consortium (SPTC) to gain from their experience. The SPTGnpiised of four states,
California, Minnesota, Texas, and Washington. We intend to closkbwf California
who has embarked on a multi-year, multi-million dollar study omgatibn of pavement

noise.
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PROJECT DESCRIPTION

The project is located on I-5 in the vicinity of Federal WaAgshington (Figure 4).
The project involves reconstruction of the southbound lanes using 13 inche<Bf PC
over 4.2 inches of hot mix asphalt over 4.2 inches of crushed surfa€img.crushed
surfacing was produced on the job site by recycling the exigtiritand cement concrete
pavement. The total length of the project is 1.49 miles (5.96 lane miles). Thengtal |
of the new PCCP is 0.61 miles (2.44 lane miles). In addition, the pklhsor the
outside 2 lanes of the existing PCCP to be retrofitted with dbaed and all of the
existing pavement diamond ground to provide a smooth longitudinal profiléhéor

remaining 0.88 miles (3.52 lane miles).

Figure 4. Project vicinity map for Contract 6757,
Federal Way to S. 31'7Street HOV Direct Access,
I-5 MP 143.25 to 144.74.

The 50-year traffic loading for this location is approximat2f0 million ESALS.

Detailed information concerning the project is listed below in Table 2
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Table 2. Contract 6757 information.

Project Title Federal Way to S. 31%treet HOV Direct Access
Contract Number 6757

Route I-5

Milepost Limits MP 143.25 to MP 144.74

Contractor ICON Materials

Paving Subcontractor| Salinas Construction

Concrete Supplier Miles Sand & Gravel

WSDOT Region Northwest

Project Engineer John Chi
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CONSTRUCTION

Concrete Mix Design

Detailed information on the mix design used for the mainline pasinmgciuded in
Table 3. Additional information on the compressive strength to flexatrangth
correlation and the combined aggregate gradation proportions are inatudpgendix
A.

Table 3. Details of mix design 15650AS used for the mainline paving.

Cement Lafarge Type I-Il, 611 Ibs/cy
Air Entrainment Master Builders MB-AE-90, 5-20 oz/cy
Water Reducer Mater Builders Polyheen 997, 23 oz/cy
Water Quantity 233 Ibs/cy
Water Cement Ratio (Maximum) 0.38
Aggregate Combined gradation
Pit Source B-345
Flexural Strength Requirement 650 psi
Paving

The mainline paving was conducted on May 24, May 27, June 2, June 6, June 7 and
June 8, 2005. The contractor transported the wet concrete from therstgpthe job
site using dump trucks. A Gomaco GHP-2800 paver was used to spreazhaolidate
the wet concrete on the prepared asphalt base (Figure 5). Dovkelskats were placed
in the appropriate locations immediately in front of the mixhaspaver moved down the

grade.
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Figure 5. Paving machine and dump trucks used to transport the wet concrete.

A carpet drag finish was applied to the wet concrete with a@4wide section of
artificial turf attached to the finishing machine as shown gufd 6. The atrtificial turf
was weighted down with gravel to keep it in contact with the concrete. Addipbotds
of the artificial turf are shown in Figures 7 and 8. The textfrthe finished concrete
after receiving the carpet drag is shown in Figures 9 and 10.

The no-cost change order for the use of the carpet drag textumelusled in
Appendix B (Portland Cement Concrete Finishing Information). leddbr the surface
to be textured with Astro Turf carpet to produce a minimum deptaxafite of 1.0 mm
as determined by ASTM E 965-87, “Test Method for Measuring SulN&&otexture
depth Using a Sand Volumetric Technique”. A description of the WSB@hdard
Specification for finishing as well as the Texas and Minnes@d Bpecifications for
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carpet drag finishing are also included in Appendix B. The Minnegpet@feation was
chosen for this project because it provided a way to test ifadhactor was achieving
the desired texture. The Texas specification, which does notyspe@fjuired depth of
texture, was used on two [-90 projects, Sullivan Road to Idaho Steednd Argonne

Road to Sullivan Road. These two projects went to contract prior to this project.

Figure 6. Close-up of carpet drag attached to the Gomaco finishing
machine.
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Figure 7. The artificial turf attached to the finishing machine.

Figure 8. Close-up of the artificial turf.
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Figure 9. Final finish prior to the application of curing compound.

Figure 10. Close-up of final carpet drag texture. Circle is sand from
a sand patch test.
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A liquid curing compound (W.R. Meadows Sealtight 1600-White) was expfriom

the same finishing machine used to apply the carpet drag texture (Figure 11).

Figure 11. Curing compound being applied by the finishing
machine.

The final operation was to saw cut the green concrete over tiersef the installed
dowel bars to initiate the transverse joints at the prescribeadtSirftervals and the
longitudinal joints.

The median two lanes were paved first starting from the northokttte job and
moving south as shown on the strip map (Figure 12). The outside twonareepaved
next, again moving from the north to the south to the vicinity of th828" Street
overcrossing, which did not have sufficient clearance for the pawiachine to pass
under it. Paving then resumed from the south end of the projeatdtdleanorth to the
overcrossing. The following day concrete was poured into the gafinasited by hand
to complete the mainline paving. A total of 5,711.3 cubic yards of cenwere placed.

Table 4 summarizes the paving information.
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Figure 12. Strip map of project showinilpe location and limits of each days paving.
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Table 4. Details of the paving operation.

Concrete
Date Stations Quantity Comments
d)?
(y
5/24/2005 144.11 144.41 1,192.8 Lanes 3 & 4, carpet drag finish, 24 ft width
5/27/2005 | 143.80 14411 1,227.9 Lanes 3 & 4, carpet drag finish, 24 ft width
6/2/2005 144.14 144.41 1,392.1 Lanes 1 & 2, carpet drag finish, 24 ft width
6/6/2005 143.87 144.14 1,408.0 Lanes 1 & 2, carpet drag finish, 26 ft width
6/7/2005 143.79 143.87 355.5 Lanes 1 & 2, carpet drag finish, 26 ft width
6/8/2005 143.87 143.89 135.0 Lanes 1 & 2, paved by hand, carpet drag, 24 ft width
sSum 5711.3 Note_: Lane 1 is outside, truck lane. Lane 4 median,
passing lane.
16
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CONSTRUCTION TESTING

Strength Measurements

Sixteen sets of paired cylinders were tested to measureigressive strength of
the pavement. The average compressive strength of each sehdérsywas converted
to a flexural strength using the conversion factor developed ftanmix design
correlation (Table 5). The flexural strength to compressivegitneconversion factor
was 9.7 resulting in a required test cylinder compressive strehd,491 psi. There was
only one set of cylinders that failed to meet the flexuransfth requirement and it was
for the last day of mainline pavingThe average flexural strength for the 16 sets of

cylinders was 702 psi.

Table 5. Cylinder break information for mainline

paving.

Compressive Flexural Pass/Falil

Date Location Strength Strength .

(psi) (ps) 650 (psi)
5/24/2005 144.11 5,436 715 Pass
5/24/2005 144.20 5,705 733 Pass
5/24/2005 144.30 5,534 722 Pass
5/24/2005 144.41 5,867 743 Pass
5/27/2005 14411 5,302 706 Pass
5/27/2005 143.99 4,809 673 Pass
5/27/2005 143.91 5,203 700 Pass
5/27/2005 143.81 4,880 678 Pass
6/2/2005 144.39 5,174 698 Pass
6/2/2005 144.21 4,548 654 Pass
6/2/2005 144.28 4,835 674 Pass
6/6/2005 144.14 5,529 721 Pass
6/6/2005 144.05 5,908 745 Pass
6/6/2005 143.95 5,131 695 Pass
6/7/2005 143.86 5,715 733 Pass
6/8/2005 143.89 4,462 648 Fail

Average 5,252 702
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Roughness Measurements

The Contractor used a California type profilograph to make the eghjsmoothness

measurements of the finished pavement. A 0.2 inch blanking band whasuper the

Standard Specifications. The overall Project Ride Index (PRI)1w&6 in/mile, which is

well under the 7.0 in/mile required in the Standard Specifications. vidio@l lane

measurements are shown in Table 6.

Table 6. Summary of data from contractor provided profilograph runs.

Laneand | Starting Ending | counts | Oyerel Comments
Path Milepost Milepost (inches)
2 LWP 144.41 144.15 0.48 1.87 Start at north end to just north of 317th bridge.
1LWP 144.41 144.15 0.49 1.90 Ending at the concrete lane on off ramp. Paved
1 RWP 144.15 144.41 0.57 2.20 two lanes wide (24') No must grinds.
land2 1.99
4 RWP 144.41 144.12 1.07 3.66 Start at north end to just north of 317th bridge.
4 LWP 144.12 144.41 0.65 2.22 Paved two lanes wide (26') No must grinds.
3 RWP 144.12 144.41 0.69 2.36
3and 4 2.75
4 LWP 144.06 143.79 0.57 2.23 Starting just south of 317" St. falsework ending
4 RWP 143.79 144.06 0.35 1.35 @ full width reconstruction south of 320" bridge.
3 RWP 144.06 143.79 0.37 1.44 Paved two lanes wide (26') No must grinds.
3and 4 1.67
2 LWP 143.86 143.79 0.03 0.46 Started just south of 320th bridge ending @ full
2 RWP 143.79 143.86 0.04 0.63 Width reconstruction. Paved 2 lanes wide (24")
1 RWP 143.86 143.79 0.11 1.73 No must grinds.
1land2 0.94
1 RWP 144.14 143.90 0.30 1.26 Starting just north of 317th street bridge to just north
2 LWP 144.14 143.90 0.07 0.30 of 320" street bridge. Paved 2 lanes wide (24")
2 RWP 143.90 144.14 0.31 1.32 No must grinds.
1land2 0.96
Project PRI 1.66
18 September 2006
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POST-CONSTRUCTION TESTING

Texture Measurements

Sand patch tests were conducted on the finished concrete to measdeptthef
texture using ASTM E-965, Measuring Pavement Microtexture DepsimgU a
Volumetric Technique. Sand patch tests were run by the HQreawe Section on a
portion of the project to sample the degree of texture being prodycegk flzontractor.

The results from these tests are shown in Table 7. Four df8tlests fell below the
minimum target depth of 1.0 mm but the average of 1.14 mm met the value
recommended in the change order. Figure 13 is a collection of phatetdimathe sand
patch test procedure. A copy of the data collection sheet anch@esaalculation is

included in Appendix C.

Table 7. Sand patch test results on carpet drag

texture.
Date Milepost Ii r:: Panel S\;m%:r A':l/g;%e
HOV) Location (mm) Tzar:]trt;;e
5/26/2005 144.39 2 Middle 194.75 1.14
5/26/2005 144.39 3 Middle 186.75 1.24
5/26/2005 144.36 2 Middle 181.50 1.32
5/26/2005 144.36 3 Middle 184.50 1.28
5/26/2005 144.30 2 Middle 209.00 0.99
5/26/2005 144.30 3 Middle 190.00 1.20
5/26/2005 144.20 2 Middle 194.50 1.15
5/26/2005 144.20 3 Middle 197.50 1.11
5/26/2005 144.14 2 Middle 239.75 0.76
5/26/2005 144.14 3 Middle 262.00 0.63
6/3/2005 144.39 4 Middle 171.50 1.48
6/3/2005 144.39 5 Middle 179.50 1.35
6/3/2005 144.36 4 Middle 168.25 1.53
6/3/2005 144.36 5 Middle 185.50 1.26
6/3/2005 144.30 4 Middle 196.00 1.13
6/3/2005 144.30 5 Middle 202.50 1.05
6/3/2005 144.20 4 Middle 236.75 0.77
6/3/2005 144.20 5 Middle 197.25 1.12
Average 198.75 1.14
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a. Measured amount of glass beads in film container b. Pouring beads onto pavement.
c. Beads poured onto pavement. d. Spreading beads with hockey puck.
e. Beads being spread to fill surface voids. f. Measuring diameter of bead circle.

Figure 13. Procedure for running a sand patch test to measure macretdgfth using ASTM
E-965.

20 September 2006



Experimental Feature

Roughness and Ride Measurements
Ride and transverse profile measurements were taken on Septémp@05 using the

WSDOT Pavement Condition Collection Van. The transverse profilg laternational
Roughness Index (IRl) measurements are summarized in Table 8he current lane
configuration, that accommodates the on-going construction in the median, dicowathalldata
collection van to follow the wheel paths for each lane. As @tre§ this, the van crossed over
the longitudinal joints between lanes. The results thus produced barheclude the readings
when the laser drops into and out of the longitudinal joints. It isilplesto look at individual
transverse profiles and pick some that did not cross over longityding. A survey of a
number of these individual profiles reveals that the true wedneopavement is more on the
order of 0.3 to 1.3 mm. This coincides with the expectation that a nélarmbcement concrete
pavement would have essentially a flat transverse profile, ftnereghese values seem more
realistic than the 3.0 mm average noted in Table 8. Values fordodiviransverse profiles for
the existing pavement that was diamond ground ranged between 0.9 and.410thus appears
that the diamond grinding did not remove all of the studded tire wean fhe original
pavement. The lanes will be run again after the construction ipletad and the lanes are
returned to their normal configuration.

The ride values are also influenced by the current lane configuratThe values for both
the new PCCP and the diamond ground old pavement are very good in speeissue with
crossing the longitudinal joints. An IRI in the low to middle 80’'suist slightly higher than
some of the most recent PCC paving on 1-90 in the Spokane areahaF@articular project
individual values of 60 were recorded. As a comparison, the averadedbthe HMA overlay
and new construction projects measured in the past three years i©iide again, these
measurements will be rerun once the lanes are returned to thealmamfiguration and a slight

improvement in the IRI's is predicted.
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22

Table 8. Ride and wear measurements.

Old PCCP with DBR and Diamond Grinding

Left,
) IRI Wear Wear Wear Right &
Lane IRI Left IRIRight | Average Left Right Center Center
(in/mile) (in/mile) (in/mile) (mm) (mm) (mm) (mm)
HOV 83.92 87.23 85.31 3 4 4 4
3 84.38 83.08 83.46 5 6 4 5
2 84.31 71.85 .77 6 6 6 6
1 83.85 87.15 85.15 5 6 5 5
Average IRI for all lanes 82.92 Average for all lan es 5
New PCCP with Carpet Drag Finish
Left
. IRI Wear Wear Wear o
Lane IR/I L_left IRI /R'_?ht Average Left Right Center %gme&r‘
(in/mile) | (n/mile) | Gnmile)y | (mm) | (mm) (mm) )
HOV 92.75 85.15 88.70 2 2 3 3
3 82.65 79.10 80.55 2 3 4 3
2 82.50 96.55 89.25 2 4 3 3
1 109.40 135.75 122.40 3 4 4 4
Average for all but lane 1 86.17 Average for allbu tlane 1 3

Note: Lane 1 in the carpet drag section is half PCCP and half ACP due to the
current configuration of the lanes to accommodate construction in the median.
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Friction Testing

Friction resistance testing was performed on September 2, 2005thsigSDOT Locked
Wheel Friction Tester meeting ASTM E274 specifications. Theageefriction number (FN)
for the carpet drag finished PCCP is 51.2 with a range of values from 39.7 to 58.0 (Table 9). The
average FN for the existing PCCP which received the diamondiggi is 40.5 with a range of
33.0 to 46.0 (Table 10).

Table 9. Friction numbers for PCCP with carpet drag finish.

23

LANE MP FN LANE MP FN

4 144.4 53.6 2 144.4 53.1
4 144.3 58.0 2 144.3 51.7
4 144.2 56.9 2 144.2 45.0
4 144.1 56.9 2 144.1 56.6
4 143.0 57.8 2 144.0 48.1
4 143.9 50.9 2 143.9 54.7
3 144.4 51.6 1 144.4 48.1
3 144.3 53.2 1 144.3 50.2
3 144.2 51.0 1 144.2 39.7
3 144.1 53.9 1 144.1 44.8
3 144.0 50.2 1 144.0 46.5
3 143.9 41.2 1 143.9 55.9

Range 39.7 —58.( Average 51.2

Table 10. Friction numbers for existing PCCP with diamond grinding.

LANE MP FN LANE MP FN

4 144.7 45.8 2 144.7 33.6
4 144.6 42.5 2 144.6 33.0
4 144.5 43.6 2 144.5 46.0
3 144.7 41.9 1 144.7 34.7
3 144.6 37.4 1 144.6 44.7
3 144.5 43.7 1 144.5 39.6

Range 33.0 — 46.( Average 40.5
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The friction numbers for both the new pavement and the rehabilitated existing paeeene
very good. The Materials Laboratory has been collecting post construatimmfdata on a
number of projects completed within the last 10 years to track the performaneerafitius
finishing methods (Figure 14). The average for the carpet drag portion of €&@M5sa falls
between the other two projects with the same type of texture. The averagedmwdidar
retrofit and diamond ground section was lowest on the chart; however, the averadgeiotill
a very good friction number and well above anything that would be considered unacceptable
(below 30).

The projects shown in Figure 14 are being retested on an annual basis to trackdhe frict
number change over time in the categories of pavements with tined texturedcagpetxture,

and diamond grinding texture. These charts are included in Appendix D.
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SUMMARY

The construction of this project was accomplished without any probtbatswould
adversely affect the outcome of its comparison with similar pt®jacross the state that have or
will use either a carpet drag or tined finish. Cylinder breaksserted to flexural strengths
generally met the required 650 psi. The profilograph roughness wakreswell within the
specification limits. The sand patch measurements met¢bennreended 1.0 mm of texture for
the majority of the tests. The initial post-construction ruttind ade measurements are in the
range of what is expected from new PCCP construction and aa#tesall lanes are returned to
a normal alignment might reveal more accurate results. Tdi®frnumbers are equivalent to
other post construction values measured on other projects. In sumimaryprdject is
representative of new pavement with carpet drag texture and méadkement with diamond

grinding.
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FUTURE RESEARCH

The experimental feature work plan (see Appendix E) callshfsrproject to be monitored
for a period of five years. Data from pavement condition surveysvease profile, ride, and
friction measurements will be collected and compared to s@wtions of PCCP built with both
carpet drag and tined finishes. The section will also be monitoregbfse when the required
equipment is purchased to make these measurements. Annual updesewdpbe generated

as well as a final report at the end of the study period.
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PCCP Mix Design
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APPENDIX B

Portland Cement Concrete Finishing Information
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Current WSDOT Specification
The current WSDOT Standard Specifications call for a tined finish to be appldidCC

pavements as noted in the italicized portion of the section, 4-05.3(11) Finishing, shown below.

5-05.3(11) Finishing

After the concrete has been given a preliminary finish bgn® of finishing
devices incorporated in the slip-form paving equipment, the surfatteedfesh
concrete shall be checked by the Contractor with a straightézlgee not less
than 10 feet in length. High areas indicated by the straightéelgee shall be
removed by the hand-float method. Each successive check with tlyhtstdgie
device shall lap the previous check path by at least 1/2 ofetigth of the
straightedge. The requirements of this paragraph may be waivéd is
successfully demonstrated that other means will consistently graalsurface
with a satisfactory profile index and meeting the 10-fooighitadge requirement
specified in Section 5-05.3(12).

Any edge slump of the pavement, exclusive of specified edgiegcass of ¥4
inch shall be erected before the concrete has hardened. If edge @wluamy 1
foot or greater length of hardened concrete exceeds 1 inch, theteosicall be
repaired as provided in section 5-05.3(22).

The pavement shall be given a final finish surface by texturing with a comb
perpendicular to the centerline of the pavement. The comb shall produce
striations approximately 1/8 inch to 3/16 inch in depth. Randomly space the
striations from 1/2 inch to 1-1/4 inch. The comb shall be operated mechanically
either singly or in gangs with several placed end to end. Finishing shal tak
place with the elements of the comb as nearly perpendicular to theet®ncr
surface as is practical, to eliminate dragging the mortar. If the sbmat
equipment has not been previously approved, a test section shall be constructed
prior to approval of the equipment. If the pavement has a raised curb without a
formed concrete gutter, the texturing shall end 2 feet from the curb line.

At the beginning and end of paving each day, the Contractor shillamwi
approved stamp, indent the concrete surface near the right hand ¢dgeanel
to indicate the date, month, and year of placement.

At approximate 500-foot intervals where designated by the Engtheer
Contractor shall, with an approved stamp, indent the concrete surés the
right hand edge of the pavement with the stationing of the roadway.
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Change Order to Contract 6757

The carpet drag texturing on Contract 6757 was added to the project via a change order as
shown below. It should be noted that the entire mainline paving received the carpet drag

texturing not just the section delineated in the change order.

WASHINGTON STATE
DEPARTMENT OF TRANSPORTATION DATE: 02/28/05
CHANGE ORDER page 2of 2

CONTRACT NO: 006757 CHANGE ORDER NO: 39

All work, materials, and measurements to be in accordance with the provisions of the
Standard Specifications and Special Provisions for the type of construction involved.

This contract is revised as follows:

DESCRIPTION
This change order revises the final pavement finish for a portion of the new PCCP.

CONSTRUCTION REQUIREMENTS

The new PCCP between Station LW 231+850 and Station LW 232+430.63, shall be
given a final textured finish by dragging the surface with Astro Turf carpet. The depth of
texture produced by the Astro Turf shall be a minimum of 1.0 mm.

All other areas of new PCCP shall be finished as specified in Section 5-05.3(11).

MEASUREMENT AND PAYMENT
This is a no-cost change order.

TIME
Contract time is not affected by this change order.
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Minnesota Department of Transportation Specification for Texturing

The WSDOT specification for carpet drag texturing was patterned lagtéinnesota

Department of Transportation’s specification, S-106.1 Pavement Texture. A copy of tha

specification is included below. The change order for Contract 6757 did not include the

sampling and testing plan required by the Minnesota specification becausestipismarily a

trial of the texturing method and not of the quality control features needed to esudolca

specification.

35

S-106.1 PAVEMENT TEXTURE

Remove the third through fourth paragraphs of Mn/DOT 2301.3L and any other
references to tining in the concrete pavement and replace with the following:

The texture achieved by the carpet drag shall be tested yaherete Paving
Contractor in accordance with ASTM E 965-8Test Method for Measuring
Surface Macrotexture Depth Using a Sand Volumetric Technidqaegnsure the
texture is adequate for skid resistance. The test locatiobevdietermined by the
Agency and at a point located transversely to fall in the outsidelpdtl. The
results of ASTM E 965-87 shall show an average texture depth ofogngs
defined below, shall have a minimum value of 1.00 @5 inch]. Any lot
showing an average of less than 1.00 fhr@5 inch] but equal to or greater than
0.80 mm [1/32 indh] will be accepted as substantial compliance but the
Contractor shall amend their operation to achieve the required 1.001/28
inch] minimum depth. (It is not the intention of this tolerance to altbe
Contractor to continuously pave with an average texture depthsofHas 1.00
mm [1/25 inch]). Any lot showing an average texture depth of less than 0.80 mm
[1/32 inch] shall require diamond grinding of the pavement represented higtthis
to attain the necessary texture. Any individual test showing a texture dep$s of |
than 0.70 mm[1/36 inch] shall require diamond grinding of the pavement
represented by this test to attain the necessary texture omh0f1/25 ind].
Limits of any failing individual test shall be determined toyining additional
tests at 30 nj100 fod] intervals before and after the failing test location. All
testing of the surface texture shall be completed no laterttieaday following
pavement placement. A lot shall represent one days pavingiyiegdane. Lots
shall be broken down into sublots representing 3001800 linear fed] of
pavement. Each lot shall have a minimum of 3 sublots. If production gasult
less than 3 sublots per day, the quantities shall be included in thelayexif
concrete production. All adjoining driving lanes shall be tested ets#me
location but shall be considered individual lots. The test locationk bsil
randomly chosen by the Agency and given to the Contractor. The locétibe
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test shall be determined using a random number chart (or other appnetieod)
and multiplying the random number by the 30Q2000 linear fod] sublot size
(Example: Random number (0.65) X 3001000 linear fod] results in taking a

sample from the load representing the 195660 linear fed] from the previous
sublot extents).
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Texas Department of Transportation Specification fo Texturing

The Texas Department of Transportation’s specification for carpet cktaging is provided
below as a contract to the Minnesota Department of Transportation’s spexificsed on this
contract. The Texas specification was used on two previous contracts, Contract G6ROAr
Road to Sullivan Road, and Contract 6582, Sullivan Road to Idaho State Line. The latter
contract involved the paving of a short section of whitetopping as a studded tiyationititrial.
The first contract is the one mentioned previously as having low friction numbers diaeko a
of texture. The Texas specification is followed by the Special Provisions usedtamthe

WSDOT contracts.

Texas DOT

Article 360.4. Equipment, Subarticle (14) Texturing Equipment, SectioiCéapet Drag is
voided and replaced by the following:

APPENDIX C. Carpet Drag. Carpet drag shall be mounted on a work bridge or a
moveable support system capable of varying the area of carpet in
contact with the pavement. The carpet drag shall be a singke qifiec
carpet of sufficient length to span the full width of the pavarbeing
placed and adjustable so as to have up to a four (4) foot longitudinal
length of carpet in contact with the concrete being placed. Where
construction operations necessitate and with the approval of the
Engineer, the length and width of the carpet may be varied to
accommodate specific applications. The carpeting used shailh be
artificial grass type having a molded polyethylene pile fadth a
blade length of 5/8 inches to one (1) inch and a minimum weight of 70
ounces per square yard. The backing shall be a strong, durable
material not subject to rot, and shall be adequately bonded to the
facing to withstand use as specified.
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WSDOT Special Provision

Contract 6620, Argonne Road to Sullivan Road and Contract 6582, Sullivan Road to Idaho State
Line

Finishing
The third paragraph of Section 5-05.3(11) is revised to read as follows:

(******)

The pavement shall be given a final finish surface by drawingampet drag

longitudinally along the pavement before the concrete has takenmitih set. The

carpet drag shall be a single piece of carpet of suffitéeigith to span the full width of
the pavement being placed and adjustable so as to have up to 4 faatlioalglength

in contact with the concrete being finished. The carpeting shalitifieial grass type
having a molded polyethylene pile face with a blade length of %81"tand a

minimum mass of 70 ounces per square yard. The backing shaktbeng durable
material not subject to rot and shall be adequately bonded tacthg ta withstand use
as specified.
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APPENDIX C

Data Collection Form and Sample Calculation for Sand Patch Test
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Sand Patch Test Data Collection Form

ASTM E 965- SAND PATCH TEST

Date:

Location:
Operator:
Texture type:

Trial 1
Volume of glass spheres, V:

Dia. 1: mm Dia. 2;

Average Diameter, D : [ ]

3
mm

mm Dia. 3:

mm

Avg. Macro Texture Depth, MATX

Trial 2

Volume of glass spheres, V:

Dia. 1: mm Dia. 2;

Average Diameter, D : [ ]

Avg. Macro Texture Depth, MATX

3
mm

mm Dia. 3:

mm

2

MAT)s 4V/ D

mm

mm

Trial 3
Volume of glass spheres, V:

Dia. 1: mm Dia. 2:

Average Diameter, D : [ ]

Avg. Macro Texture Depth, MATX

mm

mm Dia. 3:

mm

Trial 4
Volume of glass spheres, V:

Dia. 1: mm Dia. 2;

Average Diameter, D : [ ]

3
mm

mm Dia. 3:

mm

mm

Avg. Macro Texture Depth, MATX

40

mm Dia. 4: mm
mm Dia. 4: mm
mm Dia. 4: mm
mm Dia. 4: mm
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Sample Calculation of Texture Depth

The volume of the canister was calculated to be:
V =34.1 and when converted to rheguals34,100
MATX g = 4V/ Dayy”

Example

Trial 1

Volume of glass spheres, V34,100 mn?

Dia. 1; 201lmm Dia. 2:.198mm Dia. 3:210mm Dia. 4..195mm

Average Diameter, Rq; mm

MATX g = 4V/ Dayg’

(4 x34,100) / (3.14159) x201 x201)
136,400 / (3.14159 x 40,401)

136,400/ 126,923.49 = 1.07

41
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APPENDIX D

Friction Number History for Pavements with Various Finishing Methods
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Charts showing the changes in friction number over time for sections of paventariseu
texture, carpet drag texture, and diamond grinding texture.

Friction Number
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Average friction number versus year for PCC pavements with grinding and dowetrbét.
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Contract 4268
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Friction Number
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a7
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Average friction number versus year for new pavements with transverdditiisé.
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Walla Walla MP 0.5to MP 1.5 Contract 6582
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Average friction number versus year for PCC pavements with carpet drag finish.
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APPENDIX E

Experimental Feature Work Plan
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Washington State Department of
Transportation

A
N

WORK PLAN
PCCP Features

(Surface Smoothness and Noise)

-5, Federal Way — South 317 Street HOV Direct
Access
Milepost 143.25 to Milepost 144.74

Prepared by

Jeff S. Uhlmeyer, P.E.
Pavement Design Engineer
Washington State Department of Transportation

February 2005
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Introduction

Washington State Department of Transportation’s (WSDOT) Portlagthe6t
Concrete Pavement (PCCP) construction program has been relatmally since the
construction of the Interstate system in the 1960’s and early 7@ snafyy of these early
pavements deteriorate and require reconstruction, the best possititeatmrspractices
will be essential in order to provide pavements that will last 50 years or longer

One of the challenges facing WSDOT is to reduce the excesswae concrete
pavements received from studded tires. An Experimental Fe&@orabiined Aggregate
Gradation for Concrete Pavements” is under study and is invesggtite use of a
combined aggregate gradation to curb the effects of studded e we additional
WSDOT study involves the rates of stud wear on the Specific RanteBtudies (SPS)
located on SR 395 south of Ritzville. To date there is definitek/weear due to studded
tires in the 900-psi section as compared to the lower strengiibree Further, the tine
grooves are still apparent in the high strength sections anioh @&sence, gone from the
lower strength ones. While these observations are far from conclusive, WSISKRES w0
explore the effects of higher strength PCCP mixes.

Another challenge observed with WSDOT PCCP construction has been with
providing smooth riding surfaces, particularly in urban areas. WSCH3Tbailt several
pavements in recent years where bonuses have been paid to contracatisfying the
smoothness specifications, however, in some cases the roadwdlyperséived rough.
WSDOT's current smoothness requirement is based on a 0.20 inch blankihgibaan

allowable daily profile index of 7.0 inches per mile or less.
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A current experimental feature, 1-90 - Argonne to Sullivan Experiald-eature,
MP 287.98 to MP 292.16, is underway in the Eastern Region to consider eaGres
beyond the 2002 WSDOT Standard Specifications. The eastbound lanesfeétilnie
were paved in the summer of 2004. Included in this study is the usearfet drag
finish, increasing the flexural strength of the PCCP, and providagyablanking band
for measuring surface smoothness. Following construction of the RE6€fluences
from the carpet drag finish and increased flexural strengthfigaéion on the pavement
will be monitored to determine its ability to resist surfabeasion. Additionally, the
results of using a zero blanking band to determine smoothness walhddgzed and

compared with profilogragh results using the 0.20-inch blanking band.

-5, Federal Way — South 317 Street HOV Direct Access

Since the approval of the 1-90, Argonne to Sullivan Experimental fathe
Federal Highway Administration has changed its noise policyidw atates to take into
consideration the effects of quiet pavements as noise mitigatibrenough supporting
data. The process for state DOT'’s to utilize pavement typatigate noise is found in
the January 19, 2005 Memorandum titled “Highway Traffic Noise — guedancQuiet
Pavement Pilot Programs (QPPP) and Tire/Pavement Noise Research.”
(http://www.fhwa.dot.gov/environment/noise/qpppeml.jtm

The QPPP is intended to demonstrate the effectiveness of quésh@at strategies
and to evaluate any changes in their noise mitigation propertiestiower Current

knowledge on changes over time is extremely limited. Thus, thgragns will collect
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data and information for at least a 5-10 year period, after whichFHW&A will
determine if policy changes to a State DOT(S) noise program arentegtra

The intent of this experimental section is to allow the placerokat carpet drag
surface in Western Washington and monitor both rutting/friction and rawiee time.
Currently, WSDOT does not have a means for collecting noise infemadtowever,
there is discussion between the Materials Laboratory and EnvircalnNmse Quality to
purchase equipment. The key item for WSDOT is to place a congagtment in
Western Washington to compliment the work being performed on [-90 in S@okihe

rutting and friction information will be valuable information as WSDOT begins RRQP

Scope

This project involves the reconstruction and rehabilitation of 1.49 nofes
southbound I-5. The reconstruction portion of the contract is 0.60 miles honglaces
full width 13 inches (1.08’) of PCCP over 4.2 inches (0.35’) of asphalt denover 4.2
inches (0.35’) of crushed surfacing. The total 50-year design ESéi the single
direction traffic are approximately 200 million. The experimeriéatures will be
incorporated over one half of the project length.

Carpet Drag

The final pavement surface will be obtained by drawing a carpgtldngitudinally
along the pavement before the concrete has taken its inttial ke carpet drag will be a
single piece of carpet of sufficient length to span the fullthviof the pavement being
placed and adjustable to allow up to 4 feet longitudinal length in downtic the

concrete being finished. The target depth of the carpet drag will be aboutieteitli
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Initial WSDOT analysis shows that the carpet drag finish prevae equal or
better skid resistance than normal WSDOT transverse tined patgmerThis is
significant considering studded tire wear normally removes tresesvwming 3 to 4 years
after placing PCCP.

Mix Design

The mix design requirements will utilize PCCP concrete that has a 14rday ta
flexural strength of 650 psi as specified in Section 5-05 of the 2004 WSDOT Standard
Specifications.

Test Section

Approximately one half of the project will utilize the carpeaglfinish. The exact
location has not been specified, however, it is likely the northdfrohthe southbound
lanes will receive the carpet drag. The carpet drag wilplaeed on all lanes, starting
and stopping at the same locations. The remainder of the projéceedive a tined
finish.

Construction
Concrete will be placed by a slip form paver. Except as indicated, 2004 WSDOT

Standard Specifications will apply.

Staffing

The Region Project office will coordinate and manage all cortsiru@spects.
Representatives from WSDOT Materials Laboratory (one or twsops) will also be

involved with documenting the construction.

Contacts and Report Author
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Jeff Uhimeyer

Pavement Design Engineer
Washington State DOT
(360) 709-5485

FAX (360) 709-5588
Uhlmeyj@wsdot.wa.gov

Testing

The completed PCCP will be skid tested to determine friction saldée friction
values will be measured twice a year on each of the @etibss for the duration of the
experiment. Specific tests for determining pavement surface wil also be taken

before and after the allowance of studded tires.

Reporting

An “End of Construction” report will be written following completion tfe
project. This report will include construction details, materast results, and other
details concerning the overall process. Annual summaries ladlkze conducted over
the next five years. At the end of the five-year period, a final report wilirlieen which
summarizes performance characteristics and future recomnersddor use of this

process.

Cost Estimate

Construction Costs
This contract is currently under construction. The concrete contteasargreed to

provide the carpet drag at no cost to WSDOT.
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Testing Costs
Condition Survey — will be conducted as part of statewide annual survey, no cost.

Rut Measurements — 10- surveys (2 hours each) requires traffic control = $12,000

Friction Measurements — 10 surveys done in conjunction with annual new
pavement friction testing, no cost.

Noise Surveys — WSDOT is currently pursuing purchasing noise-miogitor
equipment. The cost of this equipment is not included in this expeahfeature,
as this equipment will be used throughout Washington State oncenmaisiring
on a regular basis begins. However, about $5,000 is anticipated for koetsary
to monitoring noise for periodic surveys on this section of I-5.

Report Writing Costs

Initial Report — 20 hours = $1,500
Annual Report — 5 hours (1 hour each) = $500
Final Report — 10 hours = $1,000

TOTAL COST = $20,000

Schedule

Construction Date: Westbound lanes — April 2005

Date Condition | Rut & Friction End of Annual | Final
Survey Measurements | Construction | Report | Report
(Annual) (Annual) Report
April 2005 X X
Fall 2005 X X X
Spring 2006 X X X
Fall 2006 X X X
Spring 2007 X X X
Fall 2007 X X X
Spring 2008 X X X
Fall 2008 X X X
Spring 2009 X X X
Fall 2009 X X X X
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