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City of Colorado Springs tests Terminal
Blend Tire Rubber Asphalt

Goal to improve safety. enhance driving conditions and reduce

maintenance costs

Saleem Khattak, Strest Division Manager, City of Colorado Spanas, Colorado; Bob Syme, FFRTA Program Manager,

Molte Assaciates, Inc, Colorada Springs, Colorado

ike many clties across the nation, Colorado Springs,

Colorada, has faced a variety of complex challenges

related to maintining its roadwavi. Surging growth in

population, escalating cost of materials, roadway safe-
tv, and pavement lfe are issues commonly shared with oth-
er commumnities. However, Colorado Springs has two addi-
tional distinctive factors to contend with: climatic extremes,
which impact roadway durability, and mandated limits on
government spending enacted by voters more than a decade
age, impacting state and local governments’ ability to keep
pace with growth.

Based on these complexities, the City of Colorado Springs
Sereet Dhivision (the Citvl determined that new thinking
Wah r\:'|.'|1:irv|'|.1. P destermmine howe hest o wlilize resources in
meeting bath ourrent and future demands, This led o the
development of a plan of action to experiment with differ-
ent paving materials to address these challenges. The first
experiment implemented was the use of Terminal Blend Tire
Bubdbrer Asphalt (TETHEA).

C ing city leads 1 ik 1 mallenges

As the second largest city In Colorado, Colarado Springs has
experienced a 46 percent growth in population since 1994,
expanding from ZRE995 a0 407,902 peopbe. Bt has alsa add-
ed approximately 1,500 lane miles of new roads for a total
network of 7,451 lane miles of paved streets, a 32 percent
increase. During the same time span, the City Street Thvi-
sion’s workforce has been reduced by 13 percent, with sig-
nificant dicreases in the operating budget, despite inflation
and groswth.

Althomgh the City has added preventive maintenance trest-
ments such as chip and slurry seals 1o its toolbox of road-
way malntenance practices, the result of vears of inadequate
funding in its roadway infrastructure has become more and
maore ohvicus each year. Colorada™ harsh winter of 20606-
M7 hiuhlighllﬁ:! the I1I.‘!,l,ll'|i\-'!' im]m': o cantirmeed deferred
maintenance, as pavement conditions deteriorated far be-
vomd typical wear and tear. The Clty's Pavement Manage-
mient System Sugpests an average pavement gquality index
Exelosw . db, reflecting thisdegradation, and requiring sustain-
abrle alternatives that will perform well ander extreme and
varialle climatic conditions.
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Im Movember of HHM, the voters of multiple neighboring
coarmmrities ﬂrlF:-rIl’\-‘i'I:l the fommation of a I!rrl.rli.[ln::lr'ln'li-nn
autharity known as the “Pikes Peak Rural Transportation
Authonty” (PPRTAL The PPRTA collects a one percent sales
tax that specifically funds capial improvement projects,
roidway maintenance, and expanded transic services. The
collected fumds are split between the Ove-member comm.
nities proportionally based on residential papulation.

Adaditiconal th.i.In:'Wfl.:l' maintenance funds [mr!.iu:ll.'d hy' Eha
PFRTA are allowing the Clty to expand s current pavement
malntenance program, while giving the City Street Divi-
sion the oppartunity to investigate different technigues to
improve pavement surfaces and ride quality. The use of a
prermeable friction conre (PFC) terminal end tire mabber
asphalt is ane such echnigue.

Asphalt mixes modified with tire rubber have been in ose
[ decades on feturfacing projects in several seates, includ-
Ing California, Arizona, Texas, Ehode Island, Connecticut,
Mew York and Malne. Slignificant information and research
are avallable that address the benefits of tre rubber mosdi-
fied asphalt mixes; however, there is limited experience with
this product in the conditions found along Colorade'’s Front
Range. Based on its successful use tn other parts of the coun-
try, the City was extremely curious to find out how well tire
mbber asphales would perform in Colorado Springs.

The City Smreet Divislan, along with Molte Associates, began
researching and developing specfications for the wse of tire
rubber asphalt for the ZU06 paving season. saleem kKhattak,
the Street Division Manager, and Bab Syme, Nolte Pavement
Manager, traveled to Arizona in the summer of 2005 to visit
several projects using rubberized asphalts. A stop was also
made at the Arizona Department of Transportation (ADOT),
whiere they were intraduced to the “wet,”™ “dre” and “tecmi-
nally Mended" tire rubber asphalt manufacturing processes.

Priar ta wisiting Arzana, local Colorda Springs contractons
expressed concerns about using the wet or diry methods doe
tor the excessive smoke and smell that would be expelied
intn the atmosphere during the manufacturing process of



this material at thelr asphalt plants. The contractors were
s concerned about losing their state environmental certi-
facations that !Ih1"}' inclicated Ihq.-' wiomebd nat wse the wet ar
dry methods without some assurances that their operating
permilts would not be jpopardized.

The Artzona THIT staff were able to explain the differences
between the manufacturing methods. Khattak and Syme
determined that the terminally blended tire rubber asphalt
comld e the maost efficient amd 1."rIViI'I_IlrII‘I!I:'rI-l:l||':.-'-|’l'i1‘l!l.t|'?’
|::|p'|i|;1r| available and selected it for testing.

Technical process
THTRA is produced in a closed-system plant which prevents
il rhiculates fronm -e'rall,:ri'ng Lhie amllx'ii:l'wn._-. This JIrOCess ETH]
produces a mone consistent and smooth hamaogenoos bland
af tire rubber with SBS palymer-modified asphalts {7U-28TE)
by “cooking” the blend for approximately 16 hours under
pressure at temperatures as high as 425 degrees Fahrenheit,
In the wet method, there @5 a potential of eramb mibber
not breaking down Into a homagenous liguid fomm, which
could jeopardize the guality of the final product. With the
terminally blended method, there is no need for portable
mixing plants, costly specialized equipment, or additional
holding areas fowr ‘ill."‘lriﬂu the rehbwer [lr\mhlu.’tl.

I the imitial 20K 1.'11:u.~ri.r||1'nl_, the l':'ilj.-' wied @ i [rercat
content of tire mabber in the TRTEA material h:u' wtﬁighl.
switching to a 15 percent content in 2007 and 2009, Hath
formulas will be monitored to assess potential advantages.

Al ate gradation selection

The City of Colonwdo Springs was looking for a product that
could be placed over existing asphalts to achieve both a du-
rihle wearing surface, as well as provide a gquicter and safer
traveling surface. 1t was decided to use an “open-graded”
permeable friction course. This gradation provided an ex-
ceptionally smooth surface, which would also drain water
quickly away from the surface, dramatically reducing the
“splash back” of surface waters. The open-graded mix also
assisted In the reduction of noise ceeated by vehicles, Arleo-
na [WOT testing has shown that the rubber, combined with
an apen-graded mix, has the ability to absorb or deaden cer-
tain freguencies sensitive to the human eae.

The size and hardness of the selected apgregates have also
varied over time, The 20016 specifications required a maxi-
mum aggregake size of 38 inch and a LA abrasion of 15%
maximum loss, The 27 and 2008 programs increased the
rock size to 102 inch. Experiments in 2000 will utilize bath
sbres of aggregate on differcnt stretches and willl require a
harder rock, specifically, aggregate with a LA abrasion of
20 maximum loss,

COMpuEIon:

Anaregane

- Extremelv smooth suface finish doe ta the gradation
of aggregates.

«  Material Is capable of filling in undedving surface ir-
regularities (“self-leveling ™).

(uieter

*  External noise tound to be reduced by 3 to 4 dBA over
existing asphalt surfaces [using 100 percent tire rubber
formula and 3/8 inch aggregate).

- Perceived noise from inside the vehicle is noticeal |Jf|.' re-
duced.

Better safety during rain storis

= Better drainage, less “ponding” of water, reduced splash
baack, bBetter visibility of pavernent markings, and asier
drving surface.

- Traction and skid resistance that exceeds CDOT'S mini-
i recommerndatians,

i
0N

friction course material

Production of the TRTEA matedal at the asphalt plant
matches the production methods used for tvpical asphalt
mixes. Mo special equipment is required at the plant. Firse,
aggregates are combined with the terminally Blended tire
rubber asphalt in a continuows double drum mixer, Onee
the material has heen pmpq:rl:.' v xesd aencd Bveated, it is transe
ferred to a standard heated silo. When the material Is de-
posited Into the hopper of the paving machine, it has the
appearance of a “lowing mass” instead of the trpically stiff
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lenk oof traditional asphalt. The materal also has a “sticky/
gooey” appearance where it emerges fromm the fromt ol the
hopper, a result af the inclusion of tire rublser with this gra-
dation of material.

Pricet 10 placement of the TRTRA, it is imperative that the
surface (s smooth, clean and completely dry for a mini-
mum af 12 howrs to assure proper bonding. If the material
is placed over moisture, it will not bond to the cld surface,
Onee cleaned, the surface will require the application af a
tack coat (d%-1k). When the tack has hroken, pl.!l."l.'rm'111 o
the TETRA can begin.

Twpical paving equiprment and traditional methods are used
to place the TETREA. A standard paving machine distributes
the mix approximately 1.0 ta 1.25 inches In thickness and
from 8 o 12 feet in width, The THTRA should be at a mini-
e temperature ol 3 degress Fahrenbeit, frve feer e
nind the screed of the paver, to assure proper spreading and
campaction. Twa, elght-tan, smooth dram static rollers are
used to compact the material

Temperature s critical when placing this product. Amblent
temperatures must be at least 76 degrees Fahrenheit and ris-
ing prior to placement. Awareness of the environment is
alsn essentlal as haul distances, shaded surfaces, and wind
can all bring temperatures below the minimum reguire-
ments, if not closely monitored.

When warking in tight corners or narrow arcas, labarers can
waork the material with shovels as long as the temperature
af the material is at least 270 degrees Fahrembeit. Above this
temperature, the material can be easily shoveled or raked
Imta place. When temperatures fall below this mark, the ma-
terial begins to stiffen, becoming impossible to move with
amy hand-held tools,
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Cald joints are achieved by a vertical cut with a flat saw, The
material is removed with a backhoe and then the joint is
thoroughly cleaned and tacked. One tvpe of cold joint not
allonwed is a “thin Hft™ cold joint, where the paving maching
spreads whatever remaining material s in the hopper into
i thin layver by lowering the sereed to the thickness of the
agrregane. Twa prablems ocouar First, the screed can, and
rnarmally does, partially crush the aggregate, loosing the as-
phalt coating; and second, it is difficult to lay another Hft
of THTRA on this surface and achieve 2 smonth finish, since
the total thickness is only 1 to 1,25 inches

It is brnperative to have qualified testing staff and a lab avail-
able at all imes during paving operations to ensure compi-
anee to the mix design and temperature specifications. After
the rix design has been created, staving strictly within the
limits of the gradation and asphalt content af the dedign
Is important. Gradations are checked a minimum of twice
daily: once after the third load is dispensed from the silos,
and again, approximately halfway through the day's pav-
ing, This is accomplished with the wse of an ignition oven,
whilch can verify gradation, as well as the asphalt comtent.

Anignition oven best takes appraximately four bours ta
run. For this reason, the asphalt content needs to be verl-
fied mwre frequently by the use af a nuclear asphalt content
gauge. This test only takes about 15 minutes and s bath
consistent and accurate, largely due to the "clean™ gradation
of the mix.

|4 1§ 1 1

Im 28Ky, the testing of THTRA began. Approximately fve
miles ol arterialfcollector roads orginally schedoled ta ne-
ceive a traditional dense-graded overlay application were lin-
stead owverlaid with a permeable friction course of terminally



blended tire rubber asphalt. The four sections of madway
selected support different degrees of traffic and were treated
wilh warious combinations of rr|i1|-irt|;, crack .‘.L-.a]Eng, and
owerlay techniques. Additional sections aof arterial roadway
were paved In 2007, and are again planned for 20419

As part of the testing plan, the City scheduled variows perfoe-
mance-specific tests to learn what effect the Front Range en-
vironment has an the sustainable life of this new pavement.
While preliminary observations have been very positive,
comnparisans between THTRA pavements and taditicnal as-
phalt mixes will be made once testing is complete. n 2007,
RN, a pavement consultant, created a baseline pavement
surface distress rating for a sampling of the Citys TBTRA and
rraditional avements for wmse in future com |,1f|.lj‘u|!-|'lﬁ..

Noise reduction results

One of the stated advantages of this product is noise redoc-
tiom. Pricr ty the iﬂlplﬂ'lwrr!a'liqm al the TRTRA [rrufd-ﬂl, the
Ciry retained a noise consultant, Hankard Environmental
Inc., tor conduct studles of the differences in noise levels
between aged asphalt pavements, new asphalt pavements,
and TATREA pavements, These tests have been completed
and eonbfirm feedhack fram citizens, that “this new v
ment (TBTRA) seems guieter.” The comparative review of
noise measurements has shown up to a 4 dBA reduction
in noise over existing (old) asphalt, with higher reductions
an roadways supporting higher traffic speeds, The 3/8 inch
aggregates combined with TRTRA showed greater drops in
dBA compared to the 1/2 inch aggregates. Additional test-
ing has shown that the nolse reductions are malntained
over time, with only slight degradation in the noise results,
Fl,'rll-:1w-up measurements will comtinue e b taken 1o Erack
These resulis,

Safetly ocutcomes

Better safety is another observed advantage, Visual obser-
vation af splmh Pack and Apray dl.l.l'il'lﬂ ol siather show
conskderable improvement in visibility of pavement mark-
imgs and splash back reduction for TRTRA pavements over
the traditional dense-graded pavements. A reductlon in lce
build-up was also noted., The City of Colorado Springs Soreet
IFivision will continee rl.ﬁ.'\.-i:u.-\ri|‘|ﬂI bty foatine ard irdlem-
ent weather traffic accident data and developing accident
rate comparisons for the TBTRA wersus traditional pawve-
ments, To dabe, an overall 23,5% decrease in accidents his
been observed on roads paved with the Permeable Friction
Ciomirse TETRA, In addition, skid n-uina Was [_u.-"rl'ﬂrml.ﬂ! h‘y
the Colorado Department of Transportation in 2007, Besults
indicate comparable traction between the THTRA open-
graded mix and traditional dense-graded mixes.

Cost evaluation

In evaluating the different aspects of TRTRA, cost conslder-

ations are an important factor, In a direct comparison, add-
ing a 1" layer of TRTRA using local aggregates has averaged
approximately 35 percent more than the cost af the Ciovs
normal mill and overlay operadons (20062008 in 200,
TETRA cost approximately 61 percent more than a compa-
rable chip seal.

et section paved with open-graded THTRA shows Hitle 1o so

figh back

nd pasement markings are cearky whibio during the

hiy LLalda it

The acmial cost to place TETRA has varied significantly over
the vears based on the many changes made to the experi-
ment. Modifications in mubber content, aggregate siee, and
thickness of milled and overlaid layers are some examples,
Imereases in il prices, inflation, and the small scale of an
experimental program have had additienal impacts on the
[T £asts,

Glven the Citv's experlence with how long its traditional
mill and overlav-type rehabilitation lasts, it appears that
if THATRA lasts an additional three years over a traditicnal
11|.'n§.|_~ug:'3.s!m1 i, the exera costs would be '|:||'tl:i;;:'|.l:|."11.l i i e
providing the current and angoing benefits of increased ride
comfort, safety, sustainability, and positive citizen response.

Headed down the right road

While gathering shart- amd lomgeterm test resulls is an an-
going process, the Cliy of Colorado Springs is commirted
tor seeking solutions that will enhance public safety and
promicte Ascal stewardship, The City i% happy to share any
infermation learned about this product with others, For
mare information on the Coloradoe H[l:‘ingﬁ |_~u|‘1|:r]u||'r|L, [H1
o receive an expanded technical document regarding the
production and application of THTRA, contact the Street Di-
wvision at (719) IB5-5290 ar visit wwsspringsgov.eom (key-
wisrd search: Tire Ruldber :'|.i.[|l1:l|l_|.

St Klvttiek can be reachicd ot (7191 385-5934 ar skl fake
.thf.lr_l;'.\._quh'.a'ﬂm:; Hatr .‘p'rnu' caind e revictied alf ¢ 7700 JORA0G0 ar
b _syrnesnilte com. 5!
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