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Introduction

The Next Generation Concrete Surface (NGCS) is the first new concrete pavement texture
introduced in the last 20 to 30 years. It is also the quietest texture yet developed feparons
concrete pavements. The texture can be domnsted on newly constructed pavements as well as
existing pavements. It uses conventional diamond grinding equipment and blades but in a somewhat
different head configuration.

In the summer of 2003 when the Arizona Department of Transportation (AD@&jh lmevering
up the freeway system of the fifth largest city in the United States, the concrete industry took notice.
For the first time, local communities had banded together to force a governmental agency to improve
the noise situation; and hence thejuality of life.

The Federal Highway Administration (FHW#)sequently LILINE SR ! 5h¢ Q& dzaS 2 7F
a noise mitigation strategy on an experimental basis. This was the first time that a state was allowed to
use a pavement in conjunction with orlieu of noise barriers for controlling freeway noise. Since noise
walls are very expensive, any pavement surface that can reduce the required wall heights results in a
significant competitive advantage from an overall project cost standpoint. This posedbus threat to
the concrete industry.

The Phoenix freeway systetonsisted of a concrete pavement witiniform transverse tining
The tiningcreatedavery objectionable tire whine for both passenger vehicles and for adjacent property
owners. Nobnly did residents complain that they had difficulty hearing their radio the drive home,
but once they got there, the whine of tires was audible in their backyard

With the realization that noise was becoming a quality of life issue for local comesjrand
that the predominant concrete texture in thgnited Sates (USyvas transverse tining, the concrete
industry mobilized in 2004. The American Concrete Pavement Association (ACPA) began developing a
strategic effort to better understand the noisssues and to improve new and existing concrete
textures. ACPA needed financial support to execute their plan and received generous support from the
US cement industry starting in 2005.

With the financial support in place, ACEx&ateda three year efforto research tirepavement
interaction in 2005.The ACPA contracted with Purdueilgnsity to conduct research fduoth existing
roadways (e.gdiamond groundextures) and newly constructguavements (e.g. innovative new
textures). In addition, the effeoof transverse joints on tirpavement noise level was investigated@o
accomplish thisACPA enlisted the aid of the International Grooving and Grinding Association (IGGA)
and through that partnership the industry was able to study factors affectinpatia grinding and
ultimately to develop a new diamond ground texture which is now called the Next Generation Concrete
Surface (NGCS). The vision for the NGCS was to address the many miiscef ¢doncrete pavements
with loud transverse tined textures.
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(TPTA). The TPTA is unique in that it allows testing of multiple surfaces under controlled laboratory
conditions. This allows more efficient and precise testinpovit the expense of test section
construction and attendant traffic control and safety issues.

Once the NGCS surface had been verified on the Purdue TPTA, it became necessary to verify its
performance on a real road when constructed with actual diamonudgrg equipment. Therefore, an
agency partner was necessary.

The Minnesota Department of Transportation (MnDOT) joined the effort and provided a
location ontheir MNnROADow volume road test trackin the summer of 2007 he IGGA funded
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Diamond Surfaces$nc. to constructhe Purdue NGCS surfacaisthe MNnROAR facility Thesingle pass
and double pass NGCS surfaces veiecessfully constructed and verified the efficacy of the TPTA to
effectively predicthe noise levelsf field installations. The Rirdueresearch indicatethe NGCS
shouldbe approximately 3 dBA lower than the conventional diamond ground texewakiatedand

the MNROAD testing verified this finding

With the success of the MNROAD experimeibieitamenecessary to construct a fullia width
test section on an kservice highway. That opportunity occurredthe fall of 200%vhen Quality Saw
and Seal, In@onstructeda test section on-855 near Tinley Park, lllinois. This section of highway was
alsopreviouslyused to construct 2 test sections as part of the National Cooperative Highway Research
Program (NCHRP) project-6®@ on texturing concrete. To combine these two research opportunities
took a partnership between the lllinois State Tollway and Highway Authority, AppliedrBfesea
Associates, & Construction, tk lllinois Chapter of ACPA, the IGGA, AG&A National. The
partnership worked and the first NGCS was successfully constructed on a new roadway in October of
2007. The second NGG#as constructed on94 on the MNROADainlinesection in partnership with
MnDOT and this was tHest full-width roadwayconstruction and the first existing roadway NGCS
placement

In 2009%the Purdue research effort was completed. However, although the ceindustry
funding for the stréegic planwas no longer in place, ACPA and IGGA condittue NGCS development
effort with the IGGA undertaking the li@share of the effort There is little doubt that none of this
work could have been accomplished without ttement industryfundingandthe manypartnerships
involved This framework created a solid footing for the IGGA to step up and continue funding the
battle against noise. Today there has be@&NIGCS surfaces constructe®istates,with one locatedn
PhoenixArizona right were it all began.In May of 2010, the Arizona DOT constructed a two lane wide
NGCS test section to evaluate the noise levels against their Asphalt Rubber Friction Course which was
used to cover up the transverse tined PCCP in the Phoenix area.

In the sumner of 2010, the largestver NGCS project was constructed in Duluth, Minnesota
consisting 0fL04,000sgq yd. of NGCS grindingInDOT constructed the projeaivhich went right
through downtown Duluthas a noise mitigation effart

It should also be notechiat during the development of the NGCS texture between 2005 and
2009, significant improvements in tigavementnoise measurement was occurrinfheOn Board
Sound Intensity@BS)iprocedure developed by General Motors, was gaining acceptance within the
highway community. At the start of the NGCS development yithekde facto standard OBSI test tire
was the Goodyear Aquatred 3 tire. By 8@0e ASTM Standard Reference Test [®RTTwas
beginning to replace the Goodyear tire as the tire of preferendéth the development of thédmerican
Association of State Highway and Transportation OffichdSHTPTP76 OBSI Specification2008 the
SRTT became the standaedttire in the US

The majority of the Purdue diamond grinding research was conduetth the Goodyear
Aquatred 3(P205/70R15and Uniroyal Tiger Pai#?205/70R15)ites. Near the end of the effort the
SRTTP225/60R16yvas also used to conduct comparison testing on the surfaces.

Purdue Diamond Grinding Research Effort
t dzNR dzS | sydian@bBdNyEinglirig @eSearch consigbf four test phases which evaluated 19
different combinations of diamond ground surfaéed he four phases consistedtbé following

9 Evaluation of Existing Diamond Grinding Configurations
91 Evaluation of the Effectd &in'land Polishing and Breakage



1 Evaluation of New Types of Diamond Grinding Configurations and the Effects of
Longitudinal Grooving
9 Evaluation of the Effect of Acoustic Inserts in Grooves

The research was conductedtatdzZNR dzS | Y A @S NA& A &y asdgditheir BrdRevetgnt [ | 6 2 N.
Test Apparatus (TPTA)The TPTA, shown in the rigtgnd side of Figure 1, consists of a 38;p00nd,
12-foot-diameter drum that makes it possible to test numerous types of pavement textures and
compositions in combination ith various tire designs. Six, curved tpsivement sections fit together
to form a circle. Two tires, mounted on opposite ends of a beam, are then rolled over the test samples
at varying speeds while microphones and other sensors record data. Ageédditdigure 1, two wheel
tracks were constructed on each of the six curved test panels allowing 12 surface textures to be tested
in one setup.Testing was conducted apsedsranging from0- 30 mphand temperatures ranging from
60-800 F

8 IGGA Diamond
| Grinding Head

@

Figure 1- Purdue Tire Pavement Test Apparatus and IGGA Diamond Grinding’Head

The left hand side of Figure 1 indicates the diamond grinding head thadesigned by
Diamond B, In@ndconstructed by Diamond Surfaces, Inc of the IGGA. This head was used #llgrind
the surfaces studied. It constrgatan 8 inch wide diamond ground surface. Typical diamond grinding
units grind 3 ft and 4 ft wide paths anduse®01 6 f I RS& LISNJ F2 2 (i wantake®8 Fdzf f &
hrs. The use of a small, 8 ingtide head, tremendously reduces the blade cost andigetime. When
comparing different grinding blade/spacer configurations, this is a very important considerdkon.
attach the grinding unjtone of the wheel set upis removed aindicated in Figure 1. i@e the surfaces
are diamond ground, the unit is removed, the test wheel apparattiastalled, and testing is
conducted.

Figure 2 indicates theBSlkequipment used to measure tiggavement noise and the RoLiife
laser used to measure texture profileAs indicated in the lefhand side of Figure 2, the OBSI
equipment was mounted to the test tire support frame. Since two tivese used during testing, it was
possible to test with two different tire types at the same time.

The righthand side of Figur2 indicates the texture measurement system. Texture
measurement was accomplished by removing one of the tire support frames and installing an arm to
support the RoLin&' sensor.



The panels that were cast for the TPTA were produced from transit mixedetenath a 4,000
psicompressie strength requirement and placed at a 6 inch sldmfFhe aggregate consisted of
siliceous gravels with a maximum aggregate size of one inch. Although the specimens were prepared
over several years, the same mix design used for all panels.

It was recognized that using only a single concrete mixture would provide limitations to the
study; however, the belief was that any findings would be useful in understanding other mixes as well
and that additional research could bensued if necessaryUsing only one mix design also significantly
reduced the number of variables in the experiment.

It is important to note the Purdue testing was conducted at a maximum test speed of 30 mph
which is only half the speed of field OBStiteg (e.g. 60 mph) so the reported results are lower than
encountered in the field.

Figure 2 OBSI and RoLiA¥ Test Equipment Mounted to TPFA

Phase IEvaluation of Existing Diamond Grinding Configurations

A conventional diamond grinding head considtsliamond impregnated blades separated by
spacers as indicated in Figure\®hile thefunction of thespacerds topromote debris removal and
provideaccess focoolingwith water, they alsoallowthe ridgeor landdevelopment Traffic and
maintenanceoperations subsequently reduce the fin height and smooth thésiind profile resulting in
the creation of the land area that forms the corduroy texture produced by diamond grinding.

Diamond
Impregnated |
Cutting Blade

Juawanod ajany
noqo suopsanb a/

Spacer (Not Visible)
Located Between
Cutting Blades

PN

[ spce

Diamond Grinding Bladand Spacer Diamond Grinding Blades dunted on Grinding Head

Figure 3 Diamond Impregnated Blades Separated by Spacers (not visitl€pnventional
Diamond Grinding Head



The first phase of the research consisted of identifying the possible blade and spacer widths
available in the market ptee and testing various combinatiotsdeterminethe effects of blade width,
spacer width, and grinding depthn tire-pavement noise generationro accomplish this, fouriade
widths, four spacer widtls,andtwo grind deptts were usedas indicated in Tabl1>. To conduct the
OBSI testing, two tire types were useth Aquatred 3 and a Uniroyal Tiger Paw.

Table 2 indicates the nine combinations of blades arstefs that were evaluated iBhase 1
TABLE DIAMOND GRINDING BLADE WIDTH, SPACER WIDTH, ANDERTMS EVALUATED

Feature Evaluated Range of Features
(Blade/Spacer Widths in Thousands of an Jnch
Blade Width 90, 110, 125, 163,25 with reduced diameter
Spacer Width 30, 90, 110, 130
Grind Depth MKY€€ 3 OKMCE

TABLE 2 BLADE AND SPACER COMBINATBNSHASE 1 TESTING

Sample Number Repeating Blad8)Space(S)Configuration Grind Depth (in)
1 B125/S130 3/16
2 B125/S130 1/8
3 B110/S130 3/16
4 B110/S130 1/8
5 B110/S110 1/8
6 B125/S110 1/8
7 B165/S110 3/16
8 B125/S130 3/16
9 B125/S110 3/16

Overall Phase 1 Results
The results of the Phase 1 testing are indicated in FigurAgindicatedthe Aquatred tire
results areconsistently 1.5 3 dBA higher than the Uniroyal Tiger Pasults Samples (B125/S110)
was the quietestexture for the Uniroyal tire andample9 (B125/110%¥or the Goodyear tire For a
given tire type, Hthe resultsof the Phase 1 testinggere within 25 dBA of each other.
Effect of Grind Depth on OBSI Level
One of the parameters evaluated in the Phadsexperiment was the effect of two different
ANAYR RSLIIKAEZ MKy YR okMCcEé®D ¢KS NBadzZ da 2F (KA
instances the shallower grinding depths had lower OBSI leVéks . shallower grinds are on averagb O.
dBA lower in level but no firm conclusions could be drawn

Effect of Blade Width on OBSI Level

The effect of blade width was investigated by grinding samples with identical depths and spacer
widths. The results of this testing is indic&ia Figure 6.As indicatedthe blade width does affect the
overall level but it is neither consistent nor predictabldalf of the time wider blades were quieter and
half the time narrower blades were quieter.
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Figure 4 Results of TPTA Testing for Phase 1 $tudy
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Figure 5 Effect of Grind Depth on OBSI Lével
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Figure 6 Effect of Blade Widttn OBSI Level
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Effect of Spacer Width on OBSI Level

The effect of spacer width on overall noise level was investigated by grinding samples using the
same blade widths angrinding depths and varying the spacer widths. Figure 7 indicates the results of
that effort. As indicated the narrower spacer produced guieter results in 5 of the 6 cases with the
difference being less than 1 dBA in most cases
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Figure 7 Effect of Sgar Width on OBSI Level
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After evaluating the range of blade and spacer widths requested by the indistrgue advised
that no unique relationship could be found between spacer width, blade width, and spacer/blade




configuration Instead, it appeared thahe controllingfactorwas the variability in the fittand profile
height resulting from the grinding process

Figure8 indicates a close up photo of thHi@/land profile of one of the Purdue Grinds. The red
circles indicate locations where tlii@/land had broken off causing a variation in theofile. It was this
observation that suggested to the researchers that this was causing increased noise levels
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Figure 8 ’ of Breakouts in YansDuring Purdue Testing

Perhaps a better example ofélmandom profile resulting from fin breakage demonstrated by
Figure9. Figure 9 is a photo ah actualdiamond ground pavemenust after grindingand before any
fins are knocked down due to traffic and winter maintenance operations. As eviderd phtito, the
KFENRSNJ F3ANB3AFGS adGFyR GLINRdzZRE Ay NBf F dAdiya KAL) (2
profile variability that affected tirgpavement noise generation. Textures with low variability were
quieter than textures with high vaability. In conventional diamond grinding (CDG), the resulting fin
variability is influenced by the blade/spacer configuration, the concrete mixture, aggregate type,
pavement condition, equipment set upperator skilletc. This makes it very difficiati control from an
experimental standpoint.

-~

Figure9- Variability of Fiand Profile onCDGSurface on MNROAD94

To evaluate this hypothesis, a texture with essentially no positive texture was conceived. That
is, the surface would be diamond gradismooth and then additional texture imparted by grooving. In
this manner, the exadand profile could be controlled/anticipated at the time of production, unlike



conventional diamond ground (CDG) surfaces which are affected by many variables. Figdieates

an actual field installation of one of these surfaces. It should be noted the that the CDG surface shown

in Figure 9 produces texture in the upward or positive direction while the Purdue surface produces

texture in the downward or negative diction. The Purdue texture, later called the Next Generation

/| 2y ONBGS {dzNFI OS o6bD/ {0 gl & RS&AANIOES FTNRBY (GKS ai
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hypothesis, a second round of testing was planned for Phasal2a small fin wear experiment pursued

Figurel0- Photo of Purdue Negative Texture Profile (e.qg. NGCS) and Land Area

Fin'Land Wear Study

Shortly after completing the Phase 1 testing amidipto completing the Phase 2 testing, a small
fin wear study was initiated to evaluate the effects of micro texture and macro texture on the overall
noise levels. To conduttte finfland wear study, two samples used in the Phase 1 testing and two
samples ued in theearly stages of th€hase 2 testing had tHens/lands artificially worn down using an
abrasive, ceramisanding block.The four TPTA samples used wsamples/, & 8from Phase 1 testing
and samples 1 & 2 from the Phase 2 testifipe nase levels for each of the four TPTA samples were
obtained for each of the following treatmerits

1 As Ground Condition Immediately after grinding the TPTA samples
1 Lightly Sanded Samples lighted sanded to remove micro texture fforglands
1 Findlands BrokenDown: Samples worked lightly with abrasive blocks to wear away the
tops of the fins and reduce the macro texture
1 Final State Samples worked roughly with abrasive blocks to wear away the remainder
of the fins to form a uniform height
The results of theii wear study found that after the light sanding stage, all four pavements
0502YS f2dzRSNJ gAGK 020K finsNaNdBare { §yé¢ (KSRFATAY I figad
pavements became quieter. Thkenclusions of this effort indicated that remowgithe micro texture by
polishing the surface increased the overall noise lelReducing the macro texture to promote a
uniform fin profile educed the overall level Thissupportedthe Phase Purdue hypothesis and
attempted to explain the associated rcleganisms.

Phase 2 Development of the Quietest Diamond Ground Surface Possible

The Phase 2 test plan was based on lessons learned from the Phase 1 testing and also the
fin/land wear study The purpose of the Phase 2 testing wasléwelopthe quietest dianond ground
surfacepossible. A second goal was to investigate the effect of longitudinal groan@BSI level
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The rightmost column of Table 3 provides the purpose for each of the test configurations in
Phase 2. As indicated, there were five sepapatgoses indicated. The first purpose was to provide
additional testing on alternative grinding techniques that did not employ the controlled profile approach
that were not evaluated in Phase 1 but may potentially be successful.

The second purpose wasittclude a duplicate that could be compared to the Phase 1 results.
That is, the test result in Phase 2 on this sample should get the same answer as in the Phase 1 work. If it
did not, then the amount of bias could be estimated.

The third purpose consistieof evaluating different techniques by which a controlled profile
could be constructed. The objective was to develop little to no macro texture but good micro texture.
Grooves were included to include negative macro texture.

The fourth and fifth purposewereto evaluate the effects of grooveghen added to a flush
ground surfaceand also to have a baseline of an as cast texturerateaenceto compare against

Evaluation of New Grinding Configurations

Samples 1 thru 3 were intended to evaluate naimding configurations not evaluated in Phase
1 which did not directly employ the negative texture concept.

Sample 1 used various widths of spacers randomly positioned within the grind pattern. Samples
2 and 3 were replicates of each other and explatesl concept of using cutting blades as spacers. That
is, where a spacer would normally go, a cutting blade (e.g. chopper) of slightly smaller diameter than the
a0l yRINR OdzitdAy3a oflRSa ¢l a dzaSRo ¢ KS LintkkI2asS o1
a more uniform fin profile at the top dhe landresulting in a quieter texture while still using the
conventional positive texture approach.

TABLE 3 BLADE AND SPACER COMBINATIONS FOR PHASE 2 TESTING

Sample Number| Repeating Blade(B)/Spacer(S) Gigaration | Grind Depth Test Purpose
(in)

1 B125 /VariousRandom Spacers Widths 3/16 To Evaluate New
2 B125/030/Chopper/S030 3/16 Grinding Techniaued
3 B125/S030/Chopper/S030 3/16 g ques
4 B165/S130 3/16 To DuplicatdPhase 1
Study
5 First Pass: @0/S090 1/4
Second Pass: S090/B090
6 First Pass: B0O90/S09 1/8

Second Pass: S090/B090

Third Pass: B090 spaced oaic£ To Control Fin Profile

7 B165/S030/Chopper/S030/Chopper/ 1/8
S030/Chopper/S030
8 B165/S030/Chopper/S030/Chopper/S03( 1/8
9 Blank Specimegroovedwith BO90 Spaced 1/8 ToDetermine Effect
0N oy €c-C of Grooes
10 Blank Specimeilo Grindingor Grooving None Control Specimen

The results ofample 1 thru 4 testingre indicated in Figure 11. As evident, the random spaced
blades had the lowest levels followed by the use of the chopper blaldesiever the replicatsamples
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(e.g. 2&3) indicate the variability that exists when the fin profile cannot be controfednples 1 thru 3
were only marginal improvements ovsample4 which was one of the Phase 1 CDG samples

95.0
94.0
93.0
92.0
91.0
90.0
89.0

- dB(A)

B Goodyear Aguatred

B Uniroyal Tiger Paw

Average

Overall OBSI Level

1 2 3

Sample
Figure 11 OBSI Results for Samples 1 ttru 4

Evaluation of Controlled Profile Approaches

Samples 5 thru 8 evaluaalifferent techniques of nmimizingand controlling the resultant
macro textureprofile while maintaining good micro texture. This was to be accomplished by flush
IAINAYRAY3I (GKS (SEGdzNB Shdpled Wasyrodhidedhy omkiBgtwoipssSes thINR FA £ S
flush grind the surface removing the positive textared establishing good micro texturel his sample
represents a flush grind surface with sandpaper like micro texture and almost no macro texture. Sample
6 was produced in the same manner with the exception that longitudinal grooves were installed after
the flush grindingcreating a negatie macro texture Samplé was the precursor to what is mocalled
the two pass NGCS texture. Sample 7 is the precursor to what is now called the sinjl&@6&ss
texture and was intended to produce similartexture to Sample 6, except in one paasd with wider
grooves Sample 8 is similar to the single pass approach used in Sample 7 except one less chopper blade
wasused creating a closer groove spacing. The sample 8 texture produced some land breakage with the
closer spacing of the grooveSample® and 10 had no grinding of the surface but maintained the
micro texture resulting from thascastcondition Sample 9 had grooves spaced on ¥ centers while
sample 10 had no grooves installed. Samples 9 and 10 had the least micro texture and almost no
positive macro texture.

Figure 12 indicates the overall OBSI levebfbof the Phase 2 test sample&s indicated in
Figure 12, tessample5 thru 7 exhibit the lowest OBSI levels of all surfaces. They are also quieter than
any of the Phase 1 surfacedth sample6 almost 3 dBA quieter than the Phase 1 results

{FYLXS ¢ KFa GKS ljdzAaSGSad alhoekrimSheiwo titd ¢ NS & dz
types respond differently to these surfaces. Samplelsclwhaso grooves, is the quietesbif the
Goodyear tire_It would appear that thevider the grooves, the higher the OBSI level for the Goodyear
tire. The grooves appear to reduce the Uniroyal tire leweith the narrower the groove the greater
the reduction. Both tires appear toespord best to narrower grooves.

The major finding of the Phase 1 and 2 research was that the NGCS surfaces produced the
lowest overall noise levefsr the textures tested.
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Figure 2 Overall OBSI Levels for Phase 2 Testing

Evaluation ofLongitudinal Groovig on OBSI Level

The effect of longitudinal grooving can be evaluated by compaengples5 and 6 and 9 and 10
to each other. Each of these pairehgplesare essentially identical except for the grooves. Comparing
samples5 and 6 suggests that groovihgs a benefit while comparirsamples9 & 10suggests there is
no benefit As previously mentionethe two tire types appear to respond quite differently to the
grooving pattern and when one considers the multitude of tire types in the,fteeteffectof grooving
may be insignificant

Evaluation of Foam Inserts in Longitudinal Pavement Grooves

Sincethe ®/ { & dzNF I OSIMB DD IR SRY MIKWIEINBEA Y S oy¢ OSy ¢
existed regarding the impact of the grooves on the overalkpmeement noise and whether the grooves
could be used to reduce the tigavement noise even further. To investigate this, a polyurethane -open
cell backer rod material typically used in joint sealant installations was inserted into the NGCSgrooves
By inceasing the amount of sound absorptive material as a function of the total surface area it was
assumed some noise reduction benefit could be achieved. TPTA specimens were prepared with groove
RAYSyaAzya mkyé o0& 0¢é RSSLI 6FRBoOELIGARE D¢ 0EILIRBBA
centers.

TPTA testing was conducted with three tire types: Goodyear Aquadirgdiroyal Tiger Paw,
and ASTM Standard Reference Tire (SRTT) at 30 mph. Hdueedhoto of the inserts installed in the
grooves just prior tdesting. The TPTA results indicated that the foam ingedsiced the overalhoise
for center band frequencies above 1000 Hz. Frequencies below 1000 Hz were not affected. The effect
was most significant at center band frequencies between 1000 Hz0@Hz where some center band
frequencies were reduced between3 dBA. The magnitude of the effect was dependent upon the tire
type and texture type. It was also determined that the overall reduction could not be explained by
sound absorption alone ahthat the foam mayhaveaffected the sound generation mechanism in some
other way.
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R e
Foam Inserts Installed in Pavement Foam Inserts installed in Aluminum Frame f
Impedance Tube Testing
Figure 13 Photo of Open Cell Backer Rod (foam) Inserts Insthih Pavement Grooves and in
Aluminum Frame Used for Impedance Tube Tesfing

Figure 14 indicates the OBSI level as a function of percent abafeam insert and tire type.
As indicated in Figure 1flye of the six tirepavement combinations resultdd reductions in OBSI level.
In all cases where reductions occurred, the higher the percentage of area consisting of foam the greater
the overall reduction.lt should also be noted thahe amount ofreduction is a function of the tire
pavement interactn.

In addition to the TPTA testing, impedance tube testing was conducted to evaluate the
absorptive characteristics of the foam used in the grooves. A grooved aluminum plate (see Figure 13)
was used to install the foam inserts into. Impedance tube ngstvas conducted with and without the
foam inserts in accordance with ASTM &B00or frequencies ranging between 500 Hz to 2600Hz. The
absorption coefficients ranged between approximately 0.03 at 500 Hz. and 0.16 at 2600 Hz. While the
absorption charadristics of the foam can explain some of the noise reduction at high frequencies, it
does not explain the increase at low frequencies nor the higher noise mitigation seen between 1000 Hz
to 1500 Hz.Further research is necessary to explain the insert rapgms
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Figure 14 Effeatf Inserts on OBSI Level for Different Percentages of Filled Area

14



Proof of Concept Field Testing

When the new textures (NGCS) were tested on the TPTA they produced the quietest diamond
ground surfaces. This was an epiphantheresearch as it verified, for the first time, what the
controlling factor was for tirgpavement noise generation of diamond ground surfacesnely the fin or
land profile.

The epiphany was soon confronted by reality, however. The Purdue grindingtedrs
grinding an 8 inch wide wheelpath for 6 ft with a water hose cooling the head for each of the specimens.
When grinding such small areas the heat generated by the blades/head is not excessive. However,
when diamond grinding a pavement with a contienal machine, with a 3 ft or 4 ft head, this is not the
case. The typical 1/8 inch opening provided by a spacer between the grinding blades allows water to
circulate between them, cooling them and removing grinding debris. This is an important catisiue
in production grinding. In addition, flush grinding the surface prior to grooving requires approximately
G6A0S a Yrye oflRSao® C2NJ Iy y AyOK iweSToloiti dzOK
with a 3 or 4 figrinding headvould be expensive and risky investment for an unproven strategy. The
Purdue research indicated that the flush grind/grooved texture could produce a quieter texture, but it
could not verify whether it could be constructed with conventional equipment inigid.f

The Purdue testing was also limited to a maximum test speed of 30 mph. One concern that
persisted was whether the TPTA results would be validated at higher test speeds such as &omph
only was constructability a question, but also the efficaf the Purdue TPTA to predictsarvice
performance

Prior to attempting field validation, two grinding/grooving configurations were developed and
tested in the laboratory at Purdue. The first was a grinding configuration that used three smaller
diameer blades stacked between two taller blades and the pattern repeated across the grinding head.
The taller blades were approximatdly08 inchedarger in radius. This arrangement provided a single
pass operation that could grind the surface smooth alst @roove it on approximate %2 inch centers in
one pass of the machine. The smaller blades were used to flush grind the specimen and provide micro
texture while the taller blades were used to create grooves. The Purdue work had also demonstrated
the advantage of micro texture in reducing noise levels.

¢tKS dSO2yR ANARYRAY3I O2yFAIdzNI GA2Yy dzaSR (GKS
in the first pass over the surface. A second pass was then made using the same taller blades with
spacers betweethem to create the approximate % inch on center spacing. This second pass provided
grooves similar to what was constructed with the single pass configuration.

The purpose for the two different configurations, designed to achieve the same end result, was
to allow consideration of either option by contractors during field construction. Some industry
representatives did not consider the single pass operation as a viable option in a production
environment due to excessive blade wear and the potential foringi the head/blades. Many believed
the two stage process would be required. So both options were pursued. Both surfaces produced
similar results on the TPTA so field trials were pursued.

The opportunity to construct field test sections became a realitgn the Minnesota DOT
promoted construction of the test sections indicated in Figttkeat the MNROAD Low Volume Road Test
Cell Number 37 At approximately this same location, Diamond Surfaces, Inc. had equipment uniquely
designed to construct the proped sections. The equipment consisted of a diamond grinding unit with
a 2 ft head designed for curb cuts. This device not only allowed for fewer blades to be used but also was
designed to allow quick blade changes. A head of blades could be changedaximately 45 60
minutes versus @ 8 hrs. Figure bindicates the diamond grinding equipment.
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Mn ROADs Test CentéCourtesy MnDOT) Diamond 8rfaces, IncGrinding Unit with 2 ft
Head

Figure 15 MnROAD Research Test Facility and Diamomili@g Equipment Used to
Construct NGCS Proof of Concept Construction

The test strips represented a compromise between the ability to conduct OBSI testing at 60 mph
and requiring as few blades to construct a test stripwas estimated that an 18 inch edl track was
the narrowest that that could be tested at 60 mph and still ensure the test wheel was within the test
strip. The use of 1/8 inch wide blades was selediedausehey represented the industry standard and
therefore more economical than thed%nd 165 blades used in the Purdue work. It was also known that
wider grooves had a greater potential for tracking isss®s narrower blade that can maintain
production is more desirable. The industry standard 1/8 inch blade represented a good balance
between production capability and groove widtithe90thousandsblade widthused in the Purdue
study was too thin for use in a production environment, and 16&thousandswidth potentially prone
to tracking issues.

Additionally, the two Purdue surfasevere to be compared to a conventional diamond grinding
surface (e.g. CDG) to assist in determining the benefit achieved by contlafithgrofile. This resulted
in the need to construct three diamond ground surfaces.

The purpose of the testrip construction was twofold: First, to verify the hypothesis that
controlling the texture (e.g. fin) profile in contact with the tire could result in lower noise surfaces; and
secondly, to verify that the results obtained using the TPTA could be reproduttezlfiald on real
pavements using actual construction procedures.

Theresults of the OBSI testing for the test strips ndicated in Table % Four repeat tests
were conducted on each of the sections prior to constructing the sections and five mesaafter. As
evident in Table 4, the single pass and two pass strips (TS1 & TS2) provided similar results and were
approximately 3 dBA lower than the CDG (TS3) test strip. This supported the original TPTA results. It
should also be noted that the NG@Stures were approximately 5 dBA quieter than the transverse
tined texture.

Upon review of the run to run variability indicated in Table 4, it was concluded that the 18 inch
wide test strips were adequate to conduct the OBSI testirgpaph. Howevera spotter was used to
verify that the test vehicle maintained the correct wheelpath. Many more runs were conducted and the
results discarded. So only the results that the test vehicle maintained the correct path are indicated in
Table 4.
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Table 4 OBSI Mesurements for Each Tratk

Track Number Pre-Grind Post Grind
1 2 3 4 Ave 1 2 3 4 5 Ave
TS1 103.0| 103.2| 103.5| 103.2| 103.2| 99.3 | 995 | 995 | 994 | 994 | 994
TS2 102.8 | 102.4| 102.5| 102.6| 99.0 | 99.1 | 99.1 | 98.9 | 99.2 | 99.1
TS3 103.9| 103.8| 103.9| 103.9| 103.9| 101.8| 102.2| 102.1| 101.9| 101.7| 102.0
TS4 104.6| 104.4| 104.5| 104.4| 104.5| NA NA NA NA NA NA

Thetest stripfindings validated both that the Purdue Texture was quieter, at the time of
construction than the conventional diamond grind texture, and that the Purdué T€Jults could be
reproduced in the field using conventional equipmeiith the validation of the TPTA results, the next
step was to construct fullvidth test sectiors using a conventional diamond grinding machamein-
service pavementsThis would &w trafficking of the test section as well as additional insight into the
production side of the NGCS.

Field Test Section Construction

Since October of 2007 31in-servicesections have been constructeddrstatesas indicated in
Figure 17.The dark gren color represents constructed NGCS sites, the light grelemvariations of
constructed NGCS sites, and the bdador NGCS sites to be constructed in 20Alnumber within a
state indicates how manipcationswere constructed in that state.

Thefirst in-service NGCS was constructadthe Chicago Tollway of855. At this site, both a
conventional diamond ground (CDG) test section and a Purdue texture (NGCS) were successfully
constructed in October of 2007. The sections were 1200 ft long and oesevide. This section of
freeway was a newly constructed alignment which had not been open to traffic prior to constructing the
test sections. The two pass process was used to construct the NGCS.

Figure 17 NGCS Test Segtlamcations

The next opportunity to construct test sections occurred at MNROAD or3HaNB section. A
two-lane wide by 500 ft long section of NGCS was constructed in a single pass operation on a 14 year old
random transverse tined pavement in Octob&0Z. A two lane wide by 500 ft section of CDG was also
constructed to compare to.
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With the successful placement and performance of the two mainline sectiba®\CPA
2FFAOALEE & yIFYSR (KS t dzNRdzS G SEG dzNB  lhidnahikgS ab SE
occurred to describe a category of texture(s) that evditleroughresearch. The term may apply to
several textures that evolve for both new construction and rehabilitation of existing surfaces. The
desirable characteristics of such texturetfl we predominantly negative texture coupled with good
micro texture and excellent macro texture

In 2008, NGCS test sections were constructed in Kansas and Wisconsin and in 2009 in Oklahoma
and Minnesota. It appears that 2010 waspping point forNGCS construction with four states (MN,
AZ, WA, 1A) constructing NGCS test sections.

The first NGSconstruction that was bid as a conventional project occurred in Wisconsin on
SR2 near Omro in 208. The largest project constructed to date occurred ituily Minnesotain the
summer of 2010.The Duluth project constructeto4,000 sqg. yds. of NGCS surface.

The Omro, Wisconsin project was unigue in one aspect in that it used a different blade
arrangement on the head than the other NGCS construction pmjeetgure 16 indicates a photo of the
head used for the first pass of the two pass construction alongside atypical NGC8ead which is
from a single pass construction. Ignoring the taller blades used to construct the grooves on the single
pass headit is obvious that the water flow around the blades on the conventional NGCS head is
different than on the Wisconsin head. Although not obvious when viewing the texture, it is conceivable
that the Wisconsin head could produce less micro texture sincéldeesegments overlap. The only
other test section that deviated from the NGCS specifications is the Marshalltown, lowa project that
eliminated the spacers for the flush grind portion of the two pass operation.

Blade Arrangement Used at Omro, Vissin Blade Arrangement Commonly Used for NGC

Figure 16 Comparison ofVisconsin Head to TypicAlGCS Grinding Head Arrangements
Noise Results to Date

TheNGCSites arereviewedperiodically and OBSI testing conducted in general accordance with
AASHTOHT76 except that the analysis is conducted from 500 to 5000 Hz instead of 400 to 5090 Hz.
temperature corrections are applied to the datd somgemperatureeffect is occurring in the time
series datat some locations Additionally, a tire change wanade in 2009 when a new ASTM SRTT tire
was acquired and used for testing during and after 2009. Prior tpthi@ACPA 2006 SRTT tire was
used for testing.The OBSI test results are indicated in Table
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TABLE OBSI LEVEL FOR THE NGCS LOCATIORSRBY

State Route OBSI Level (dBA)
2007 2008 2009 2010
Arizona I-10 EB 99.2
lllinoig® I-355 NB 100.5 100.9 101.2 100.7
lowa'* US 30 99.1
Kansa$ I-70 EB 99.4 100.5 100.9
Minnesota* 1-94 WB 100.1 99.0 101.1 99.8
I-35 100.3
[-94 Duluh 99.6
NGCS LITE
Oklahoma 1008 Not Tested
Wisconsif! ¥+* SR2 102.8 Not Tested Not Tested
Washington 1-82 Not Tested Yet
Avondale Rd Not Tested Yet

*Variationfrom NGCS SpecificatiorNo Spacers between cutting blades

**Grind Pass Fdbered at Test Area

***Variation from NGCS SpecificatiorFlush Grind with Over Lapping SegmentsvVery low
temperatures during testing

Unfortunately onlythree sites, 4355, -70,and 94 have time series data availabl€he 1355
and F94 sites indicatehat the little to no changés occurring in the NGCS OBSI levels while-Tiesite
is indicating a slight increase with time.

NoiseComparison to OthePavementTextures

At several locationghe NGCS sections are-lozated adjacent tmon-diamond graind texture
test sections These sections are periodically tested for comparison at the same time the &G
textures aretested. The results ahese comparisonfllow.

NCHRP 187 Test Sections

ARA under contract to the National Cooperative hligay ResearcRrogram, constructed 12
test sections on-855 in Chicago in 2007. An NGCS test section wiasat®d at this site so it could be
evaluated against the other textures. Figure 18 indicates the 2010 test rémudtareral of the NCHRP
10-67 sections in comparison to the NGCS’sifks indicated the transverse tined textures are generally
the loudest of all the textures, followed by the longitudinal textures, then the drag textures and finally
the diamond ground surfaces which aré4IBA wiieter than the transverse tinedThis site is also
unique in that the CDG surface is either equal to or 0.1 dBA less than the NGCS surface. This is the only
location where the CDG has equaled or bettered the NGCS suiifeisealsahe onlylocationwhere the
NGCS sectiois located on an uphill grade while the correspond@®DG section isn levelgrade The
bD/{ aSOlAzy gla |taz2 O02yaiNHtOySR2 durénfiyspecifiedI NB 2 S
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Figure 18 NCHRP-BJ Textures Compad to NGCS Texture in 20°.0

Kansas-I70 Test Sections

In 20 Kansas constructeal two lift Portland Cement Concrete PavemeRCC)on 70 near
Abilene, Kansas to test the two lift constrigzet processaind toevaluatean exposed aggregate texture.
In addition they constructedsevenadditional surface texture experiments including an NGCS Texture.
Figure 19 indicates the 2010 OBSI resultsereral of thes¢éextures. The exposed aggregate has the
loudest texture followed by longitudinal tining, CDGaaltexture and the NGG#iichwas the quietest
texture.

Figure 19 Kansas/D EB Surface Texture Test Sections Compared to NGCS in 2010
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