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Abstract:

TerminalBlends (TB) arédinder material in the rubberized asphalt concrete that use
finely ground (less than 40 mesh) crumb rubber modifier (CRM) and is typically ble
at the asphalt refineryHistoiically, the primary differences between TB and asphalt
rubber (AR) binders were the amouhiGRM used in the binder (TB less than 10%; A
15-20%) and the use of specialized mixing equipment for AR. However, in recent y,
the rubber content imerminalBlends has been increased te2l5% or moreCIWMB
now supports thase of terminal blends fahip seals, but does not y&tpport the use o
Terminal Blends (TB) in hot mixes. This technical memo is the &f&art to address this
issue.

This reportincludes a literaturereviewandsurvey of users of TB imarious states
including California, Texas, FloriddjevadaandArizona. It contains thesview of TB
tesing projects placed in California including tMB pilot projects place in the late
1 9 9 OhéRrebaughand Mendocingrojecs (conducted by Caltrans in partnership w
the Board)District 11 Chip Seal projecgnd the Heavy Vehicle Simulator (HVS) test
sections placed at the Richmond Field Station by UC Berkeley

Through this preliminary stly, the field testing anthboratoryresultshave showrhat
TB hot mixis a promisingpaving material for preventing reflective afadigue cracking.
It perfornms better than conventional hot mix and chip seal and, in many of the tests
equal to or super to the performance aisphalt rubberHowever, nore research need
to be done odetermininghe amounbf rubber in TB, moisture sgeptibility of TB
binder, and evaluating theng-termperformancef existingTerminalBlend projectsn
Californiaor in other states
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1.0INTRODUCTION

The CIWMB currently sipports the use dferminalBlends for chip seals, bdbesnot
yetsupport the use dferminalBlends (TB)in hot mixesfor therubberized asphalt
concrete (RAC) grant programs at this time. The primary reasons are as follows:

1 The performance benefits of this product and how they compare with the field
blended asphatubber (AR) process is not cleadpcumented

1 There may be gaps in the technical knowledge that have to be addressed before
the product can be used statewide.

1 The assurance that Crumb Rubber Modifier (CRM) is being used in the product.
A rapid, economical and simple test or monitoring system neduts developed
to ensure that the CRM usage is properly tracked and verifiable.

1 A full range of potential pavement maintenance applications for which TB can be
used as a paving material has not been identified.

TerminalBlends are a RAC binder materibbt uses finely ground (less than 40 mesh)
crumb rubber modifierlGRM) and is typically blended at the aspheafineryor the

At e r mHistodchlly, the primary differences between TB aagphalt rubberAR)
binderswerethe amount of CRM used in thenber (TB <10%; AR 15-20%) and the

use of specialized mixing equipment for ARowever, in recent years the rubber content
in TerminalBlends haveenincreased to 20 % or more.

This studyis the first attempt to address these issaesed aboveA series of

investigations, studidsavebeenconducted to ensure that there are performance benefits
to using TB over conventional (nenodified) binders and to also compare those benefits
to those achieved by usitige traditional asphalt rubbékR) prodicts used in

California.

Also, as a part ofis overall study, therewasa companiorinvestigation of the emerging
technology of warmmix asphaltwhich overallallows asphalt mixes to be batched at
lower processig temperaturesThis investigationwvasconducted to determine the
possible application of this technologyth TB and AR processe$hese findingsre
included in a companion repdrti t Assedgsmént of Warm Mix Technologies for Use
with Asphalt Rubber Applications

1.1 Project objectives

This project will attempt to answer the questions posed in the background skction
includes the following:

1 Survey of TBusersn California, TexasFlorida,and other states
1 Review of TerminalBlend tesiprojects placed in California including tiB
pilot projects, thd-irebaughand Mendocingrojecs (conducted by Caltrans in

1



partnership with th€IWMB), the LA County chip seal projecilso finished by
the CIWMB, and the Heavy Vehicle Simulator (HVS) test sections placed at the
Richmond Field Statioby UC Berkeley

1 Recommendations as to whether terminal blends can be included as a part of the
HMA and chip seafjrant program of the CIWMB

1.2Work Tasks
The work tasks performed in this contract on terminh@hdsare as follows:

Task 1- Identify ard evaluate existing Caltrans and local agency projects placed

containing TB. The Caltrans projects includem@dified binde(MB) pilot projects

placed in the | ate 19 Districts6 (Firebaeaghand Bigrictt i ons | nc
(Mendocino)projec t s pl aced in the early 200006s, the
sections at the Richmond field station, and thy@&r warranty job on Highway 395

between Reno and Susanville. The performance of these projects along with any

supporting lab data (e,ghe percentage of CRM used for each of the projects) will be

collected and evaluated.

Task 2- Identify and evaluate the use BérminalBlendsin theother states (e.g.
Arizona, TexasFlorida, and othergd see how they perform and in which appiimas
they are used.

Task 3i Identify challenges and gaps in knowledge for TB use. For example, how can an
agency ensure that the CRM contents can be tested to quantify the number of tires being
used by this process? Other gaps will be identified astapthis task.

Task 4i Identify otherPavementMaintenancé\pplications for whichlTerminalBlends
could be useth paving applications anddicate how many waste tires might be diverted
by using these new maintenance treatments.



2.0BACKGROUND

2.1HISTORIC REVIEW

Rubber modification of asphalt has a long hisiarthe United Statesin the 1950s, tire
manufacturers and polymer suppliers such as Goodyear, Firestone, U.S. Rubber, and
DuPont promoted the use of various rubber modifiers or elast@mersvay to improve

the performance of asphalt pavements. fiogluctsgenerally came in dry powder or

latex form. The rubber additives were normally added to the asphalt binder in
concentrations ranging from 2 to 7 percent. Lewis and Welborn repbeeddults of a
laboratory study to evaluate binders made with 14 types of rubber powders and 3 asphalts
in a 1954 issue d?ublic RoadgLewiset al, 1954. A companion mixture study

examined a wide range of rubber materials including tread from srapstyrene

butadiene rubber (SBR), natural rubber, polybutadiene, and reclaimed rubber using both
wet and dry methods of adding them to HNRRex et al, 1954). Although these rubber
modifiers showed promise in reducing the temperature susceptibititg @sphalt binder

and conceivably improving the high temperature and low temperature performance of the
mix, they never received widespread acceptance. This was likely due to the economics of
the time when asphalt was very low cost relative to the rulbbeifiers. Many agencies

found it difficult to justify the increased cost in light of marginal improvement in

pavement performance. Some agencies also concluded that the rubber modified mix was
more difficult to apply and had an objectionable odRyice, 2004).

Interest in rubber modified asphalt systems did not surface again until about the mid
1960s when CharlddcDonald, an engineer for the City of Phoenix, developed a process
for blending rubber from waste tires with hot aspfiditDonald 1981). His formula

produced a binder that contained about 20% tire rubber. Based on positive performance
experiences over ensuing yeaksizonaDOT adopted the use of this material in

pavement interlayership sealsand later as a binder in open and gaplegaHMA.
Subsequently, these products have been evaluated in roughly forty states in the United
States and over 25 countries worldwi@alifornia continues to be a major user of

asphalt rubber in chip seals and in HMA

2.2METHODS OF RUBBER M ODIFICATION

As concerns over the environmental problem of waste tire disguesalvarious

techniques for incorporating rubber into asphalt pavements emerged. The basic methods
for modifying asphalt with reclaimed tire rubber are referred to aséh@rocess the

dry process and theTerminal Blend procesqEpps 1994). Of these processethe wet
process and theerminalBlend process are the most wideked



The binder produced from the McDonald progessvet processis called Asphalt
Rubber(AR). It hasbeen defined by ASTM as:

AA blend of asphalt cement, reclaimed tir
in which the rubber component is at least 15% by weight of the total blend

and has reacted in the hot asphalt cement sufficiently to cause swelling of

thewbber pASTM,i2a0H es . O

In the wet process, asphalt is blended with a crumb rubber modifier in a specialized
blending unit at elevated temperatures (226°C) for a minimum of 45 minutes to

promote the chemical and physical bonding of the compsnddring the blending

process, the crumb rubber swells and softens as it reacts with the asphalt. This reaction is
influenced by the blending temperature, the time the temperature remains elevated, the
type and amount of mechanical mixing, the sizetarture of the crumb rubber, and the
aromatic component of the asphalt. The rubber modifier ranges, typically, from 18 to
22% by weight of the asphalt. Extender oils are sometimes used to reduce viscosity and
promote workability of the Asphalt Rubbaswell as to increase the compatibility

between the asphalt and crumb rubffasbberized Asphalt Concrete Technology Center
2010. Asphalt Rubber is used primarily in open graded and gap graded HMA. ltis also
used in spray applications for seal coptgement n t e r hnal gsearcrack sealant.
Where Asphalt Rubber is used as a seal coat, it is commonly referred to as a Stress
Absorbing Membrane (SAM). When it is used as an interlayer under HMA surfacing, it
is called a Stress Absorbing Membrane tiatger (SAMI). The overall performance of
Asphalt Rubber systems has been good. Benefits include reductions in reflective
cracking, improved wet weather safety, and reduced traffic noise.

In thedry process crumb rubber is added to the aggregatehintanix plant operation

prior to adding the asphalt. There is relatively little reaction between the asphalt and

crumb rubber in the dry process. In essence, the crumb rubber replaces a portion of the
aggregate. The dry process can be usepemgradel or gapgraded HMA. The most

commonly used dry process was developed and patented in the late 1960s in Sweden

under the trade name ARubito. This technol o
States in 1978 under t h®rmanceaoflpavemeatsrusingh Pl us Ri d
this process met with mixed reviews and, as a result, the dry process is not widely used

for modifying asphalt pavements. However, dry crumb rubber from recycled tires is

being used in other applications such as landscapintigintadveight backfill for

retaining wallsand embankments

Terminal Blend is a wet process where a fine mesh crumb rubber is blended with asphalt
at a refinery or terminal. TerminBlendbinderscontain anywhere from 5 to 28 or
morecrumb rubber depwling on their final application. TerminBlends can be held in
storage tanks for extended periods of time with proper agitation. The binder produced
from TerminalBlends can be used in dense graded, open graded, or gap graded HMA.
The manufacturing picess foiTerminalBlends is similar to that used for polymer

modified asphalts. Termin8lends were initially introduced in the mid 1980s and,



hence, have less performance history than Asphalt Rubber. However, they are being
successfully used by sevestates and are being evaluated in trial field applications by
other state¢Booneet al, 2008; AsphaltMagazing 2008. TerminalBlends and Asphalt
Rubbes are completely different products as illustrated by the photograph in Higure
TerminalBlendscanhaveeither the same or lessbber than AsphaRubber andhey

can be produced as a finished product at a refimetgrminal rather than in a

specialized blending unit at the hot mix plant. Unlike Asphalt Ru@®eminalBlends

can be used inathse graded mixes which may open a new opportunity for the disposal of
additional waste tire rubber. In this regafdrminalBlends are more likely to compete

with polymer modified asphalts rather than Asphalt Rubber.

\ v
N
N————

Figure 2.1 Asphalt Rubber vs. Terminal Blends

2.3TERMINAL BLEND USAGE

TerminalBl end asphalt rubber has been used since
Florida and Texas. Since thenhhas been used in several other states including
California, Colorado,Louisiang Arizona,and Nevada.

TerminalBlends are manufactured at the refin@ytermina) like any other polymer
modified asphalt. The asphalt is heated in a tank to an elevated temperature and crumb
rubber is introduced into the tank and is digested ire@#phalt. During this process, the
operator takes samples and runs a solubility test to ensure the rubber is completely



digested. Most manufacturers used a high shear process to make sure the tire rubber is
completed digested. The®lubility of the finisked product is generally above 97.5 %

TerminalBlends can be stored just like other asphalts. According to industry, they are
storage stable bindebgcauséhe tire rubber is fully digested into the asphalt. The
material is delivered to the hot mix pldnt truck, mixed and shipped to the job just like
any other asphalt binder.

TerminalBlends have been usedbnthhot mix and chip seals. They have been used in
dense or open graded asphalt mixes as well as gap graded mixes. However, they are the
prefered choices for open and dense graded miXé® field blended AR is usually used

in gapgradedor opengradedmixes. They are also routinely used in hot applied chip

seals and have been emulsified for use in emulsionactdslurryseals More will be

discussed oiterminalBlends in later chapters.

2.4TERMINOLOGY AND SPECIFICATIONS

The term Arubberized asphalto is often used
crumb rubber, or more specifically, ground tire rubber with hot asphalt. Both lAspha

Rubber and’erminalBlends fall under this general description. Ground tire rubber is

produced from ambient and/or cryogenic grinding of waste tires. Ambient grinding at or

above room temperature is a process that generates irregularly shapedtern ru

particles with relatively large surface artaat helps promote interaction with the

asphalt. Cryogenic grinding is a process that uses liquid nitrogen to freeze the tire rubber

until it becomes brittle and then uses a hammer mill to shatter therribo smaller

particles. If used, cryogenic grinding is usually followed by ambient grinding

Specifications for rubberized asphalt binders have evolved loggreiars. Thenodified

binder specificationgyB)d evel oped and wuseddtithe t he 19906s
specifications shown in Tab®l (Reesel1994. The MAG15TR binder is similar to the

MAC-10TR binder specified in the Greenbook section8@1(AAPT, 2000, except

that it contains 15% tire rubber rather than 10% tire rubber. Caltransentty

considering performance graded (PG) specifications for terminal blends similar to those

adopted for optional use by the Pacific Coast Conference on Asphalt Specifications

(PCCAS) in 200@NCCAS 2008 and shown in Tabl2.2 (Reese1994). These

specifications are very similar to those adopted by Caltrans for PG polymer modified

asphalts in 2007Santucg.

Terminology used to describe mixes made with rubberized asphalt has also changed over
the years. Caltrans, for example, formerly referrefigphalt Rubber mixes as

rubberized asphalt concrete (RAC). In an effort to be more consistent with terminology
used nationally, Caltrans now refers to these mixes as rubberized HHME. The

mix type is further designated as gap graded (G) or omatedr(O). The former and

current designations for these Asphalt Rubber mixes are shown inZlable



Table 2.1 MB Specifications for Terminal Blend Asphalt(Reese 1999

Specification

Test Method MB-4 MB-5 MB-6 MB-7
On Original Binder: CT 381 25°C 25°C 25°C 25°C
SSDO30(. 6+SS\
On Residue from RTFO: AASHTO
T240
De | 97i®(@gG*) CT 381
and G* 0 sid0kRhe |
Bothat 10 rad/sec @C
On Residue from either: 64 °C 64 °C 64 °C 64 °C
Pressure Aginyesset @ °C AASHTO | 100°C | 100°C | 100°C | 110°C
Or PP1
Tilt-Oven @ 113 °Gor hrs showm 36 hrs | 36 hrs 36 his | 72 hrs
Stiffness: CT 374B
300mPa (max.) at 60 séc
@ °C, with Mvalue = .3 min AASHTO -8°C | -19°C | -30 °C | -8°C
Or TP1
100mPa (max.) at 10 rad/sec
@ °C, with Mvalue=.3 min 9°C -2°C -13°C 9°C
S S D-116SSV50.6 @ °C CT 381 25°C 25°C 25°C | 25°C
CT 381
Notes:'Referee method

California Test (CT)

Shear Susceptibility of Deal (SSD)

Shear Susceptilily of Delta (SSD)
Rolling Thin Film Oven (RTFO)




Table 2.2 PG-TR Specifications for Terminal Blend Asphalt(after the PCCAS)

Test PG 64 110PAV
Method 28 TR
Original Binder

Property AASHTO Specification

Flash Point, minimum °C T 48 230 230
Solubility, % minimum T 44 97.5 97.5
Viscosity at 135 °C, Maximum, T 316 3.0 3.0
pas
Dynamic Shear, T 315
Test Temp. at 10 rad/s, °C 64 76
Minimum G*/sin(delta) kPa 1.00 1.00
RTFO Test, T 240
Mass Loss, Maximum, % 1.00 1.00
RTFO Test Ayed Binder
Dynamic shear, T 315
Test Temp. at 10 rad/s, °C 64 76
Minimum G*/sin(delta), kPa 2.20 2.20
Elastic Recovery T 301
Test Temp., °C 25 25
Minimum recovery, % 75 65
Multiple Stress Creep Recov. TP 70 Report Report
Average % Recov. @100 Pa
Multiple Stress Creep Recov. TP 70 Report Report
Average % Recov. @3200 Pa
Multiple Stress Creep Recov. TP 70 Report Report
Non-Recov. Compliance, Jnr
PAV' Aging, R 28
Temperature, °C 100 100 (110§
RTFO Test and PAV Aged Binder
Dynamic Shear Test T 315
Test Temp. at 10 Rad/s, °C 22 31
Maximum G*sin(delta), kPa 5000 5000
Creep Stiffness, T 313
Test Temperature, °C -18 -12
Maximum S-value,mPa 300 300
Minimum M-value .300 .300




Table 2. 3 Caltrans Designation for Asphalt Rubber Mixes

Famer Designation Current Designation General Description

RAC RHMA Rubberized HMA

RAGG RHMAG Gap Graded RIMA

RAGO RHMAO Open Graded RIMA
RAGO-HB RHMAO-HB High Binder Content-RMA-O

Current designation for Terminal Blends includes thivahg:

Caltrans Greenbook AC Grades |
PG 6428TR MAC-10 TR AC 155TR
PG 7022TR MAC-15TR AC 285TR
PG 7622TR




3.0TERMINAL BLEND USAGE IN CALIFORNIA

3.1 BACKGROUND

In California, TerminalBlends are targeted for use in the same applicatanshich

polymer modified asphalt is used, including hot mixes and chip sealty work in
California was the result of a modified binder (MB) specification developed by Caltrans
i n t he e aselo¥). TédMBsspe¢ rRseleed in a number of ppobjects
construct ed asiwell the hoastruction af fiv®viadastee projects constructed
in the earl y 20 wari@astegrof@atsiwgs canstracted with & termisae
blend.

Perhaps the biggest boost ie@rminalBlendswas Cald r ni ads adoption of
specifications in 2006. Since tihierminalBlendsare fully SHRP gradenhaterials they

can be easily used by Caltrans and local agencies in California. Typical terminal blend
grades are:

1 PG 6428TR
1 PG 7022TR
1 PG 7622TR

It should be notedchatboththe PG6428TR and PG722TR meets the same Caltrans
specification for PG628PM and PG7@2PM.Virtually any PG grade can be made with
Terminal Blendite rubber

These grades can have varying rubber content as high as 25%ghy. Waltrans and the
PacificCoastConference on Asphalt SpecificatiofCCAS)have adopted the PG
TerminalBlends as alternatives to PMA materidlkis has resulted imcreasedisage of
TerminalBlendsfor highwaypreservation and rehabilitation ajgaltions

Current producers of terminal blends in California include Paramount Petroleum and
Valero Oil. Others are looking into emulsifying terminal blends containingutiveer
including California Pavememdaintenance@PM) and Roy Allan Slurry Seal,Inc.

3.2TERMINAL BLEND USAGE

Several agencidsaving made use of erminalBlends in hot mixeshot applied chip
seals and slurrgeals are summarized in Tab8&%to 3.3 One of the tasks of this project
was to collect information on each of these petgelndustry was extremely helpful in
identifying many of these projects.
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Table 3.1 Summary of Terminal Blend HotMix Projects in California

Year

Project ID Responsible Contact Location Performance
Constructed Agency 2009
10 MB pilot 199799 Caltrans Terrie Statewide Good
projects Bressetteor
Don Goss
MAC 101/10 | November, 1999  San Diego Joe Bradley Stable with
overlay County Goldhammer Avenue reflective cracking
project or Larry Graves
HorsemanSan| St/1st Ave
Diego ©unty
MAG10 1/2 | December, 1999 Caltrans Joe SR16345 No reflective
in. gapgrd District 11 Goldhammey ramp cracking and no
overlay or Art Padilla further
Caltrans maintenance
MAC18 May, 2000 CALTRANS Don Goss Highway 1, Good
Valero Oil Laguna, CA
MAC 10 Sept, D00 City of Joe Vandergriff | Good condition
project Oceanside Goldhammer Blvd over 10 years
orJim
Knowlton City
Eng.
MAC 10 March, 2001 San Diego Joe JulianLos Now covered
overlay County Goldhammer | Coches Roa( with chip seal
project or Sim J Harris
Contractor
MAC 10 April, 2001 Oceanside Joe Camp Excellent
Trench Goldhammer | Pendleton condition
patch/overlay or Sim J Harris  Sewer,
project Contractor Oceanside
MAC 10 2in June, 2002 San Diego Joe Encinitas Excellent
overlay County Goldhammer Encinitas condition
or Sim J Harris Blvd
Contractor
MAC 10 linchH November, 2002  San Diego Joe Fairbanks Excellent
overlay County Goldhammer Ranch condition
or Superior | San Digit Rd
Readymix
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Project ID Year Responsible Contact Location Performance
Constructed Agency 2009
Mac-10 December, 20027 City of Chula Joe Trousdale Dr Rubberized
Emulsion Vista Goldhammer emulsion broke
Trial or Sim J Harris too quick
unstable
MAC 10 1| August, 2003 City of Joe Caminito Still performing
inch overlay Carlsbad Goldhammer Valentia well
orJohn
Schauble City
PWD
MB-4 PG70 August, 2003 | Department of| Sol Geminez San Luis No information
22TR Forestry Granite Reservoir | on performance
Construction
Mac-10 November, 2003 City of Joe Southeast | Good Condition
overlay Carlsbad Goldhammer | section of over 6 years
or Vulcan town
Materials
HVS test 20032008 Caltrans Terrie Richmond, | See UCB reportg
sections Bressette CA
MAG10 January, 2004 City of Joe Oceanside Excellent
overlay city Oceanside Goldhammer | pier parking condition
pilot or Superior lot
Ready Mix
#06-385504 June, 2004 Caltrans Terrie Hwy 33, See Caltrans
15% MB4 Bressette District 6 reports
PG7022TR Firebaugh
#02-258504 July, 2004 Caltrans Terrie Hwy 395, See Caltrans
15% MB4, Bressette Hallelujah reports
PG7022TR Junction
#01-316104 Sept, 2005 Caltrans Michael Hwy 20, See Caltrans
15%, MB4, Stapleton District 1 reports
PG7022TR Ukiah area
MAC 10 November, 2005 City of El Cajor Joe Ballentine St Excellent
1.5inch Goldhammer Main to condition
overlay or Mike Madison
Cordoza PW
Mac 10 January, 2007 | City of El Cajor Joe East side Excellent
overlay Goldhammer | residential condition
or Supeior streets
Ready Mix 4lane miles
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Project ID Year Responsible Contact Location Performance
Constructed Agency 2009
MAC 10 July, 2008 City of El Cajor| Joe Washington Excellent
1.5inch Goldhammer | Ave from condition
overlay or Superior Mollison to
Ready Mix | Granite Hills
4lane miles
MAC 10 August, 2008 San Diego Joe Julian Excellent
1/10overlay County Goldhammer | Whispering condition
or Superior | Pines Rd. 1(
Ready Mix lane miles
MAC 15 January, 2009 San Diego Joe Elfin Forrest Excellent
overlay County Goldhammer Rd condition
or Superior | Questhaven
Ready Mix to San
Marcos City
Limit
MAC 15 September09 | City of El Cajor| Joe Cuyamaca Excellent
overlay Goldhammer | Ave Bradley| condition still
or Superior to Santee new
Ready Mix City limits
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Table 3.2 Summary of Terminal Blend Chip Seal projectsin California

Project ID

Year

constructed

Responsible

agency

Contact

Location

Performance 2009

Still performing well.

Chip Seal November,| San Diego Joe Valley Center.
1995 County Goldhammer | Valley Center Corners raveled
Road becuse released to
traffic too soon.
PG76 2003 Caltrans Steve Olsen Hwy 183 Exposed Chip Seal st
22TR in place. New overlay
over part of project
and that area of
overlay is very good
Chip Seal 2006 City of Steve Olsen,| Sacramento, Good
PG70 Sacramento Granite Various
22TR 109 Gonstruction locations
PG76/70 2006 City of Santa Edgard Hitti/ | Delaware Ave. Pretty good.
22TR 109 Cruz Josh Spangru¢ and California | Transverse cracking
Street returning
Chip Seal September,| Kern County| Jim Rgn, Dan| Manor Dr from Very well
PG76 2007 Chung Kern River
22TR 109 Bridge to China
Grade Lane 1
PG76 August, | City of Santg Edgard Hitti Various Pretty good.
22TR 159 2007 Cruz or Graham Locations. See| Transverse cracking
Chip Contractors, map returning
PMCQS Josh Spangru
slurry or Don
seal Milner
Project
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Project ID

Year
constructed

Responsible
agency

Contact

Location

Performance 2009

Terminal 2007 CALTRANS Shawn Highway 86, Experimental work
blend Rizzutto Imperial County| with various spread
test rates for binder and
sections rock, coated and
70-22TR uncoated rock
10%
PG76 Spring City of Steve Olsen, Carter Way, Good
22TR 2007 and Stockton Granite Eastbound
Chip Seal Fall 2007 Construction | Lincoln Street
French Camp
Road
PG70 2008 City of Dennis Copp| City of Carlsbad  Performinggood
22TR Carlsbad Impeding reflective
Chip Seal crackng
PMCQS
Slurry
PG76 2008 City of Dennis Copp| City of Diamond| Performing vengood
22TR Diamond Bar Sogoodthey did it
Chip seal Bar more streets in 2009
PMCQS
Slurry
Chip Seal July, 2008 Contra Margie Valdez Martinez dump | Verygood held lock
PG76 Costa main entrane
22TR 109 County road
PG64 2008 CALTRANS Edgard Hitti I-40, Essex Overlay on-40
28TR
Dense
Grade
overlay
PG76 2008 Rancho Edgard Hitti, White Rock Good
22TR 109 Cordova Steve Olsen Road
PG70 2008 City of Edgard Hitti, | Various streets Good
22TR Colusa Steve Olsn
18.5%
Chip 2008 City of Santg Josh Spangru¢ Various streets Good
Slurry Cruz
Seal
Project
PG76 July, 2009 | LA County | Edgard Hitti, Ave J, Ave O Good
22TR 189 Erik Updyke Lancaster
chip seal
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Project ID Year Responsible Contact Location Performance 2009
constructed agency
PG76 July, 2009 City of Edgard Hitti, Stanley Good
22TR 189 Lafayette, | or Don Milner Boulevard,
Cape Sed Graham Camino Diablo,
Contractors Moraga Road
PG76 August, City of Edgard Hitti, Various Good
22TR 189 2009 Winters or Don Milner Locations
Cape Sea
PG76 | September,| City of Elk | Edgard Hitti, Various Good
22TR 2009 Grove, or Roger Locations
18.5% Franklin Maier
Construction
PG76 2009 CALTRANS Edgard Hitti HWY 96/36 Noreport yet
22TR 189 District 2 02 Jim Heller Chester
OE5704
PG76 2009 CALTRANS Edgard Hitti HWY 299/36 Noreport yet
22TR 189 District 2 02 Jim Heller Whiskeytown
4C6304
PG76 2009 City of Edgard Hitti | Santa Ana Ave No report yet
22TR Poway Ed Dillon and Almond
18.5% Bond Blacktop
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Project ID Year Responsible Contact Location Performance 2009
constructed agency
PG76 June, 2009 City of Intermountain| Various streets Good
22TR 189 Rancho Steven Olsen
Cape Sed Cordova Edgard Hitti
PG76 July, 2009 | City of Clovis Edgard Hitti, | Various streets Good
22TR Don Milner
18.5% Graham Cont,
Cape Sea
PG76 July, 2009 City of Edgard Hitti, | Various strets Good
22TR 189 Sacramento| Steven Olsen
Cape Sea Intermountain
PG76 August, City of Edgard Hitti, Salinas Good
22TR 189 2009 Salinas Ed Dillion
Cape Sea Bond Blacktop
Chip seal| August, Caltrans Don Milner | Tulare/King Cnty Good
PG76 2009 District 6 | Graham Cont. Hwy 63
22TR 06-0K7104 Jim Rgn
(18.5%) Tulare
County
Chip seal| August, | Caltrans Dist Don Milner Hwy 198 Good
PG76 2009 6 06 | Graham Cont.
22TR OK7104 Jim Ryan
(18%) Kings
County
PG76 2009 City of Dennis Copp| City of Diamond Noreport yet
22TR Diamond Edgard Hitti Bar Covered
Chip seal Bar Wagon Way
PMCQS
Slurry
PG76 2009 City of Dennis Copp| City of Fontana No report yet
22TR Fontana Edgard Hitti | Asst collectors
Chip seal
PMCQS
Slurry

17




Table 3.3 Summary of Slurry SealProjects using Tire modified Slurry Sealin
California

Project Year Responsible agency Contact Location Performance
ID constructed
Slurry December, | City of Buena Venturg Lance Allan, | Petite Ave.,| Good. Lost
Seal 2003 Thang Tran, from color and
Dan Frost | Henderson| turned gray
Rd. and quickly.
Darling Rd.
Slurry June, 2004 | City of Fountain Valle] Lance Allan, | Foothill St.,
Seal Bob Callison| from Heil
Ave. to
Azalea Ave.
Slurry | March,2005 City of Santa Fe Lance Allan Emmens
Seal Springs Way
Slurry May, 2005 | City ofWest Covina | Lance Allan, | Canyon Rd.
Seal Vince from Covina
Mastrosimone|  Hills to
Ranch Creel
Slurry June, 2005 City of Laverne Lance Allan, | Pinto Street
Seal Gene Klatt, at Miller
L.D. Johnson
Slurry May, 2006 City of Oceanside | Lance Allan,| Oceanside Good
Seal Steve k€mp, Blvd. at
Peter Schultz| Corporate
Center Dr.
Slurry November, City of Dana Point | Lance Allan,| Grenada, | Good. Oxidized
Seal 2006 Rick from Selva | quickly and lost
Rudometkin Rd. to La color.
Cresta Dr.
Slurry December, City ofOceanside Lance Allan, Various Needed to
Seal 2007 Ron Purdue Streets reform mix
after first
attempt.
Performing well
Slurry July, 2008 City of Rialto Lance Allen, Various
Seal Gene Klatt Streets
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Project Year Responsible agency Contact Location Performance
ID constructed
Slurry April, 2008 City of Carlsbad Lance Allan, Various Good
Seal John Schaub Streets
Slurry October, Calabasas Lance Allen, | Vista Pointe Good
Seal 2008 Tom Kirk Private
Community
Slurry November, | City of Palm Desert| Lance Allan, Summit Good. Heavier
Seal 2008 Ryan Gayler| View Dr. aggregate
Slurry November, City of Oceanside Lance Allan, Various Good
Seal 2008 Ron Perdue, Streets
Gary Kelison
Slurry November, City of La Mirada Lance Allan, | Aranza Dr. Good
Seal 2008 Steve Foreste from
Alicanted to
Pastrana
Slurry January, City of Oceanside Lance Allan | Oceanside Good
seal 2009
Slurry April, 2009 City of Carson Lance Allen, Various Good. Some
Seal DeWayne Streets issues with
Vaughn drying time.
Slurry May, 2009 City of Long Beach | Lance Allan, | 2nd Street Good
Seal Pat Abadi through
Belmont
Shores
Slurry May, 2009 City of Glendora Lance Allen, | Woodcroft Good
Seal [lluminado Ave.
Anacion
Slurry May, 2009 | County of Los Angelel Lance Allen, | Sunnybrook| Good overall.
Seal Imleda Diaz Lane, Some reflective]
Whittier cracking.
Slurry June,2009 City of San Dimas | Lance Allan, | San Dimas Good
Seal John Zone B&D
Campbell
Slurry July, 2009 | City of Thousand Oak Lance Allen,| Sagebrush Good
Seal Joe Bravo Road
Slurry July, 2009 City ofYuba City Ben Moody | Woodbridge Good
Seal Street
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Project Year Responsible agency Contact Location Performance

ID constructed
Slurry | September, County of @ange Lance Allen, | Aliso Creek Good
Seal 2009 Buddy Coover Trail and
Upper
Newport
Bay Native
Reserve
Bike Trail
Slurry | September, City of Corona Lance Allan, Corona, Good
Seal 2009 Nelson Néson Various
locations
Slurry December, City of Lake Forest | Lance Allan | Lake Forest
Seal 2009
Slurry November, | City of Indian wells | Lance Allan | Indian Wells
Seal 2009
Slurry November, City of La Quinta Lance Allan | La Quinta
Seal 2009
Slurry January, City of Oceanside Lance Allan | Oceanside
Seal 2010

3.3TERMINAL BLEND PROJECT SURVEY, 2010

In March of 2010selectecthip seal projects from 2006 and 2007 in Santa Cruz were
evaluated for performancéigures3.1 to3.5are photo®f this2010 field survey.
California Street and Delaware Street were completed ii.2Bateau Street, Swift
Lane, and Escalona Drive were complated007. Damage to the surfamas low in
severity. This includedomelongitudinal cracks, reflective cracks, edge cracks, and
block cracks SomeOverall the performance of these projtias beegoodand the
streets surveyed will last the expected performanceNfee: The photogocus on
cracks to surface, but damage was not uniform throughout site locations.

3.4SUMMARY

As can be seen, Terminal Blends are being used foruganmintenance applications in

California including thin HMA, Chip Seals, and Slurry Seals. Usage started in the late
19906s with only a few HMA and chip seals pr
projects throughout California and there are more ptojanned for 2010. Most

projects are located in southern California due to location to producers. In most cases,

Terminal Blends have performed as well or better than Asphalt Rubber. The increased

use is attributed to lower costs and improved perfanea The number of projects has

20



decreased over the past two years, which is mostly due to the economy and not
performance. The more experience with the product, the less problems have been found.
Complaints have been minor and are mostly due to laekmdrience with the product or

loss of color. Many agencies, including Caltrans, plan to continue using Terminal Blend
products.

Figure 3.1 Escalona Drive, Santa Cruz
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Figure 3.2Edge Cracking on Swift Lane

Figure 3.3Reflective Cracking on California Street
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Figure 3.4 Block Cracking on Delaware Street

Figure 3.5Block Cracking on Plateau Avenue
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4.0 TERMINAL BLEND USED IN OTHER STATES

In January 2009 survey of the stat@aterialsengineersvas conducted to determine
which agencies usebBerminalBlends.Table 4.1is a summary of the responses

State

Table 4.1 Other StatesUsing Terminal Blends

State

\ Response State Response

Response

Alabama Maine Pennsylvania

Alaska Maryland No Rhode Island
Arizona Yes Massachusetts South Caroling
Arkansas Michigan No South Dakota
California Yes Minnesota Tennessee
Colorado Yes Mississippi Texas Yes

Connecticut No Missouri Utah No

Delaware Montana Yes Vermont
District of Nebraska Virginia
Columbia

Florida Yes Nevada Yes Washington

Georgia New Hampshire West Virginia

Hawaii New Jersey No Wisconsin

Idaho New Mexico Wyoming No

lllinois New York

Indiana No North Carolina

lowa North Dakota

Kansas Yes Ohio
Kentucky No Oklahoma
Louisiana NO Oregon Yes

The following summarizes the input provided by these states with respect to Terminal
Blends Questionsvhich wereaskedas a part of this task includéhe following:

Who are the prodiers in these states?
Who are the contacts in these states?
In what applications ar€erminalBlends used?

How doTerminalBlends used in these states differ from the products used in
CA?

= =4 =4 -9
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4.1ARIZONA DOT

ADOT has over 35 years experience with rubdesti asphaltespecially the use of
Asphalt Rubbe(Zareh et al.2006. In the early 197QsADOT placedseveral SAM and

SAMI field experiments. From 1974 until 1989, approximately 1100 km (660 miles) of
state highways were built using SAM and SAMI tedbgy. In 1989, ADOT
documented in a research report on the history, development, and performance of Asphalt
Rubber that WAnAsphalt Rubber has successfull":
to control distortion due to expansive soils and to reducectafe cracking in overlays

on bot h rigid a n d(Scdfidlde 2089b | I 198ba ADOM degans 0
experiments with open graded and gap graded Asphalt Rubber mixes. The open graded
Asphalt Rubber mix, typically 12.5 mm to 25 mm thick, is generadlgduas the final
wearing surface over both concrete and HMA pavements. On badly cracked pavements,
a gap graded Asphalt Rubber mix, generally 37.5 mm to 50 mm thick, is often used. This
may be followed by an open graded Asphalt Rubber application deyeowlitraffic and

type of highway.Pavement performance has been monitored by ADOT since 1972.
More than 28,000 lankm (16,800 lane miles) of very good performing Asphalt Rubber
pavements have been built in Arizona since 1988.

Arizona DOT haslsousedrubberized asphakerminalBlends for dense and open

graded hot mixes sin@0Q Typically the percentage of crumb rubber has a minimum
content of 8%. Arizona also uses chip seals with a crumb rubber percentage of 5 for low
and high volumeoads as wébs a TR emulsiowith 5-10% crumb rubber for fog seals.
Wright AsphaltCo. is planning onaunchng slurry emulsion later in 2010.

In 2009 Arizona DOT used @00 tons offerminalBlends for hot mixes and 7500 tons is
estimated fouse in2010. Paramunt Petroleunis the producers of these products and
Wright Asphalt Products Co. is the supplier. These projects have performed well over
the years producing good or better results than competing binders. Overall Arizona has
had no problems to date willerminalBlends, but there was one complaint regarding
compaction difficulties. Table 4.2 summarizenost ofthe TerminalBlend projects

placed in Arizona

4.2 COLORADO

Colorado began experimenting with Terminal Blend rubberized asphalt in 20060 Due t
the extreme climate, which impacts road durability, and limited government spending in
road maintenance the city of Colorado Springs began evaluating alternative forms of
maintenance. With help from Arizona DOT, one alternative that became a viable opti
was Terminal Blends. In 2006 four sections on road with different traffic volumes were
used as test sections. This included Wooten Road, Chelton Road, Union Boulevard, and
Briargate Parkway. These test sections had a crumb rubber percentage otl 108tean
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open graded. Since 2006, the Terminal Blend projects have performed very well. They
are expected to last longer than similar products and are expected to decrease noise, and
improve safety. An improvement on safety has also been evaluatedlds® $plash and

back spray along with reduction in ice bulk.

4 3FLORIDA DOT

The Florida Department of Transportation (FDOT) began its investigation into the use of
Asphalt Rubber as a stress absorbing membrane interlayer and moisture barrikatén the
1970s. In 1988, the Florida legislature passed a bill (Senate Bill 1192) directing the
FDOT to determine the feasibility of using ground tire rubber in HMA. FDOT
concentrated its efforts on the use of ground tire rubber in open graded frictiom cours
mixes. This, in essence, is a hybrid manufacturing approach between that used to
produce Asphalt Rubber and Terminal Blends. Ground tire rubber concentratiens of 5
15% by total weight of binder were used. In most cases, extender oil was not added.
Based on observations from these test projects, FDOT concluded that the use of rubber
significantly improved the cracking resistance of the open graded friction course
pavements and that the optimum amount of rubber to add was between 5 and 20 percent.

Florida DOT was one of the early userslefminalBlend; it is currently widely used in
dense and open graded hot mixes. For dense mixes, FDOT uses WRBh hasa

rubber content of 5%; and for open graded mixes, ARBs used witlarubber content

of 12. ARB-20, with a rubber tire content of 20%, is also applied in an ARMI mixture,
although use is infrequent. The primary producers in Florida include Blackledge
Emulsions, IncandAssociated Asphalt (Mariani)in 2009 34,982 tons oferminal

Blend ribberized asphatinder was used for hot mixes. OveredirminalBlend projects
have performed well, but FDOT has encountered some problengbihder is not
handled correctly. These problems include settlement in asphalt storage tanks and
inadequateeaction times. This leads to poor mix volumetrics and mat texture issues.
FDOT has completed over 300 projects, which are listed in Appendix A.
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Table 4.2 Arizona Terminal Blend Projects

Project ID Year Responsible Contact Location Performance
constructed agency

Asphalt July, 2000 Arizona DOT | Scott Weinland| JCT US 60ake Good
Binder Pleasant

H499701C Route SR 74
Asphalt March, 2003 Arizona DOT | Scott Weinland Kohls Ranch Good
Binder Section

H447301C Route SR 260
Asphalt November, Arizona DOT | Scott Weinland| JCT B19Palo Good
Binder 2007 Parado

H48031C Route 19
Asphalt December, Arizona DOT | Scott Weinland| Lake Havasu ¥l Good
Binder 2007 MP 21 (WB)

H656901C Route 140
Asphalt March, 2008 | Arizona DOT | Scott Weinland| Pine Springs Good
Binder Switzer Canyon

H657201C Route 40B
Asphalt May, 2008 Arizona DOT | Scott Weinland|  SR89AChino Good
Binder Valley

H747101C Route SR 89
Asphalt June, 2009 Arizona DOT | Scott Weinland Little Green Good
Binder Valley

H1469901C RouteSR 260
Asphalt July, 2009 Arizona DOT | Scott Weinland| S Coolidge City Good
Binder LimitsJCT287

H659201C Route SR 87
Asphalt August, 2009 | Arizona DOT | Scott Weinland| Mcguireville Rest Good
Binder AreaToYV C

H613601C Route | 17
Asphalt Planned Arizona DOT | Scott Weinland| The Gap to Cedal Pending
Binder Ridge

H652101C Route US 89
Asphalt Planned Arizona DOT | Scott Weinland| 1-8, MP 158.5 to Pending
Binder Bianco Rd

H779201C Route | 9
Asphalt Planned Arizona DOT | Scott Weinland| Riordan RR OP Pending
Binder Country Club

H795001C Route 40B
Asphalt Planned Arizona DOT | Scott Weinland| Lower Switchback Pending
Binder Rubble Walls

H709701C Route US 191
Asphalt Planned Arizona DOT | Scott Weinland| New Four Peaks Pending
Binder Rd- Dos S Ranch

H679201C Rd

Route SR7

Asphalt Planned Arizona DOT Scott SR 77 MP 364 to Pending
Binder Weinland MP 372

H546001C Route SR 77
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44 KANSASDOT

Kansas DOT currently uses rubberized asphaiinalBlends for chip seals and has
two HMA projectsplanned fotMarch201Q The crumb rubber percentage for high
volume roads is specified at a minimum of &% for low volume routes it is specified
at 2%. Wright Asphalt in Texas has providadasphalt on recent projects. In 2009,
1,505 tons of rubberized asphaltsnased for chip seals. For the most ghe projects
have perdrmed wellalthough Kansas DOhad issues with aggregate loss on one of the
chip seal projectsTable 43 summarizes the terminal projects in Kansas

Table 4.3 Kansas Terminal Blend Projeds

Project Year Responsible  Contact Location Performance
ID constructed agency

Chip Seal June, 2009 KDOT Greg Pratt County Good
AG20- Schieber
5TR
Chip Seal| December, KDOT Greg Barton County Good
AG20- 2007 Schieber
5TR
Chip Seal| December, KDOT Greg Johnson County Good
AG20- 2007 Schieber
5TR
Chip Seal April, 2009 KDOT Greg RusselCounty Good
AG10- Schieber
2TR
Chip Seal April, 2009 KDOT Greg Rawlins County Good
AG10- Schieber
2TR
Chip Sea| April, 2009 KDOT Greg Decatur County God
AG10- Schieber
2TR
Chip Sea| April, 2009 KDOT Greg Multiple Good
AC10 Schieber Counties
2TR
Chip Sea| April, 2009 KDOT Greg Multiple Good
AC10 Schieber Counties
2TR
Chip Sea| April, 2009 KDOT Greg Multiple Good
AC10 Schieber Counties
2TR
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45LouisiaANA DOT

Louisiana currently does not have angrminalBlend products, but has used rubberized
asphalt. Currently 140,000 tons of rubberized asphalt is used for hot mixes each year.

4.6 NEVADA DOT

The Nevada Department of Transportation (NDOT) has used polyntifiedcasphalt in

its mixes very successfully since 1990. NDOT now specifies two PG polymer modified
asphalt grades: PG @8NV for northern Nevada and PG-ZBNV for southern Nevada.

In recent years, NDOT has been evaluafiegminalBlend binders as aaternate to
polymer modified asphalt. Specification requirements foiTgreninalBlends are very
similar to those used for the polymer modified asphalt grades and have been designated
as PG 648TR and PG 22TR (Pavement Preservation Jourr2008. NDOT has

also reported on the use of Asphalt Rubber in a major open graded mix.pidject
projectis locatedon the $515 freeway in Henderson Nevadaear Las Vegas) where the
primary objective was to reduce pavement n@8CAS Asphalt Paving Conittee

Minutes 2007).

There have been two notable research projects conducted at the University of Nevada,
Reno (UNR) involving Asphalt RubbeferminalBlends, and polymer modified asphalt
mixes. In 1998, UNR evaluated the performance of terminatibt@res with the
performance of Asphalt Rubber mix@opal et al.1997. This UNR study compared

the performance of laboratory prepared gap grdaechinalBlend mixes to gap graded
Asphalt Rubber mixes. The study also compared the performance oiglaedséd
TerminalBlend mixes to gap gradderminalBlend mixes. In addition, the performance
of field produced gap graded terminal blend mixes was compared to the performance of
the laboratory mixes. The researchers concluded that there was no atdifftience

in rutting or fatigue resistance between the gap graeéeahinalBlend and Asphalt

Rubber mixesand that the dense gradédrminalBlend mixes were more resistant to
rutting but less resistant to fatigue cracking than the gap giieetetinalBlend mixes.

The field prepared gap grad&édrminalBlend mixes were found to be resistant to
moisture damage, thermal cracking, and rutting. The rutting resistance of the field
prepared gap gradderminalBlend mix was similar to that of the laboratmrepared

gap graded terminal blend and Asphalt Rubber mixes.

In 2006, UNR conducted a research project to evaluate the laboratory performance of
HMA mixes made withTerminalBlend binders and polymer modified bindé€gebally

et al, 2007. Phase twofdhe study involved mechanistempirical analyses of a

pavement structure to access the fatigue resistance of the various mixes under traffic
loads. It was concluded from the combined findings of the laboratory evaluations and the
mechanistieempiricalanalyses thaterminalBlend mixes can perform well regardless of
whether they are used in dense or gap graded mixes.
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NDOT has used rubberized asphiarminalBlends for hot mixes and chip seals since
2007 and plans to start usitigem inslurry seals irR010. NDOT calls the Asphalt
Cement PG64@8NVTR. Typically a minimum crumb rubber percentage of 10% is
required. Paramount Petroleum and Parambl@viada are the producers for these
projects and Wright Asphalt supplies the rubber. Approximately 4@@0of rubberized
asphalfTerminalBlends areused for hot mixes and 56@onsareused in chip seals each
year. Although the product is still in the evaluation periddrminalBlend projects have
performed well for NDOT.

A 70-22TRis used for chip eak andin 2009a 13mile project was placed &yramid
Lake The 7622TR is specified for use in southern Nevada and project will start in the
near future Table4.4 summarize§erminalBlend usage in Nevada.

Table4.4 Nevada Terminal Blend Projects

Project ID Year Responsible Contact Location Performance
constructed agency
PG70 2007 Intermountain| Edgard Gerlach Good
22TR, Hitti
Chip Seal
PG64 2008 SNC, NDOT| Edgard Rye Patch-80 Good
28TR, Hitti
HMA ,
PG64
28NVTR
PG64 2009 Nevada DOT| Edgad | 395, Carson/Ren( Good
28TR, Hitti through Washoe
HMA City
PG76 2009 Nevada DOT, Edgard I-15,Moapa, Good
22TR, Frehner Hitti Logadad/Overton
HMA [-15
PG76
22NVTR
DG & OG
PG70 2009 Nevada DOT| Edgard | SR445, Pyramid Good
22TR, Hitti Lake
Chip Seal
PG76 2009 Intermountain| Edgard Arrow Head Good
22TR Chig Hitti
Seal
PG64 2009 Granie Co. Edgard Poqii Lane Good
28NVTR Hitti
DG & OG
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4.7 OREGON DOT

Oregon DOT currently us@®erminalBlends for chip seals and hesmpletechot mixes

in the past. The oil used fohip seals is A€L5 5TR with crumb rubber percentage of
5%. PBAGGR is used for hot mixes, which includes 10 to 12% crumb rubber. The AC
15 5TR is produce by Wright Asphalt and the RB&BR was produced by US Oil.

About 2600 tons of rubberized asphBdrminalBlends wasused in 2009. Oregon DOT

is currently monitoring the chip seals to determine their performance. One hot oil chip
seal resulted in flying chips that caused damage to a few windshielbte 45

summarizes the terminal blend projectregon.

Table 4.5 Oregon Terminal Blend Projects

Project ID | Year Responsible Contact Location Performance
constructed agency
HMA: PBA 1994 Oregon DQOT| Elizabeth| I-5: Azalealump Good
6GR Hunt off Joe
HMA: PBA 1994 Oregon DOT Elizabeth| 1-84: Sainfield- Good
6GR Hunt Tower Road
HMA: PBA 1993 Oregon DOT Elizabeth| US 26: KalNee- Good
6GR Hunt Tah Junction
Pelton Dame
Chip Seal: 2009 Oregon DOT Elizabeth| [:84-Woelpern Good
AC155TR Hunt Rd & Arlington
Tower Road
Chip Seal: 2009 Oregon DOT Eliabeth| OR138/US199 Good
AG155TR Hunt

48TeExas DOT

The first reported use of Asphalt Rubber in Texas was in 19T®@ Bryan and El Paso
Districts of the Texas Department of Transportation (TxD@&Obber Pavements
Association. In Texas, Asphalt Rubber hasdm used in four applications: chip seal coat
or SAM, undercoat or SAMI, hot mix, and open graded porous friction course. Asphalt
Rubber chip seal is considered to be a routine rehabilitation strategy in several districts of
TxDOT. TxDOT made significardhanges in mix design procedure and specifications
for crumb rubber modified hot mix in 1992, basically replacing dense graded mixes with
gap graded mixes. District personnel of TxDOT reported that Asphalt Rubber HMA
projects had significantly better re&nce to cracking than conventional HMA
(Tahmoressi2001). Porous friction courses modified with Asphalt Rubber were also
reported to have better performance with respect to cracking and raveling than
conventional or polymer modified mixes. The impEment in resistance was considered
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to be due to the high amount of binder in the rubber modified friction courses. Asphalt
Rubber seal coats showed excellent resistance to reflective cracking but varied in the
degree of bleeding depending on the sizeggfegate chip used.

TerminalBlendswere first used in Texas in the mi®80s. In a comprehensive study by
Texas A&M University in the year 20Q@Glover, et al, 2000Terminal Bends, referred

t o ascuirhd gdhhr umb r ubber mo dapériorendvellins phal t o,
laboratory tests and field evaluations. Among other things, the researchers concluded
thatTerminalBlends are suitable for dense graded mixes and can be produced through a
combination of high temperature and high shear. Productidreipresence of oxygen

can enhance the breakdown of the rubber and the curing process. They also reported that
PG test equipment, such as the dynamic shear rheometer and bending beam rheometer
can be used to test and monitor the properties of¢hminalBlend. Field studies were
conducted at two Texas locations in 1998 and 2000 that shbevadnalBlends could

be used successfully in dense g@anixes with up to 18%aubber added.

TxDOT started using rubberized asphiag@tminalBlends in the field fohot mixes and

chip seals in 2009. Approximately 120,000 tons of prachatebeenused for chip

seals and 90,000 tons is used for hot mixes each year. These projects typically have a
crumb rubbepercentagef 5. Producers in Texas include Alon RefineMartin

Asphalt, Nustar, Pelican Refining, Valero, and Corpus Christi. Performaiezroinal
Blends has been good and rubberized asphatminalBlends has become the preferred
material for chip sealsTable 46 summarizes th&erminalBlend projets in Texasn

2009

Table 4.6 Texas Terminal Blend Projects2009

Project Year Responsibl Contact Location Performance
ID constructed agency

PFC PG| March, 2009 | Texas DOT| Richard District: Tyler, Good
76-22TR Izzo County: Smith
PFC PG| April, 2009 Texas DOT| Richard District: Tyler, Good
76-22TR Izzo County: Smith
PFC PG| April, 2009 Texas DOT| Richard District: Tyler, Good
76-22TR Izzo County: Smith
PFC PG| September, Texas DOT| Richard District: Tyler, Good
76-22TR 2009 Izzo County: Smith
PFC PG| November, Texas DOT| Richard District: Tyler, Good
76-22TR 2009 Izzo County: Gregg
PFC PG December, Texas DOT| Richard District: Good
76-22TR 2009 I1zzo Houston,

County: Waller
PFC PG December, Texas DOT| Richard District: Austin, Good
76-22TR 2009 Izzo County:Travis
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It should benoted thatn Texas, asphalt rubber (AR) is typically not terminal blended and
terminally blended asphalts with crumb rubber are not referred to as asphalt Tinelyer.
are referred tas TR rather than AR.he ASTMdefinitionfor AR requires the blend of

at least 15% tire rubber. All dfe TexasTerminalBlendsrubber jobs havabout5%

rubber (TR).

4.8 SUMMARY

As can be seesgveraktates us@&erminalBlendsthat contain crumb rubbeFhey
includeCalifornia,Arizona, Fbrida, NevadaQregon Kansas, Louisianand Texas. The
product in Arizona and Nevada are similar to that used in California. The products in
KansasQOregon,Texas, and Florida contain a much lower content of asphalt rubber.
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5.0CHALLENGES

There area number of ballengeghat must be addressed prior to widespread use of
TerminalBlends in California. They include the following:

T

Determinng crumb rubber content he first and foremost is the determination of
the crumb rubber content in the asphatideir. Currentlypolymer modified
asphalt producers supdhatch weightgo the uses. A similar approach could be
used for the Termindlends since it is a batch process as well. A copy of a
proposed process is attached\ippendix B. Direct determinaton of the rubber
content is not an easy process. $eah be developed to determine rubber
content, but it is doubtful that they could dmnverted inta simple QC test that
can be used in the field.

Tankage Some agencidsavementioredthat contractorsnaybeunwilling to
change to &erminal Bend from their workhorse product. The suppliers of
terminal blends need to work with the contractors, and if necessary provide the
needed tankage to allow the conversion to happen eBaigd on projestto
datethat used TR productsankagehas not beean issue with the contractors
since handling and storage are similar to polymer modified material.

Cleanup Some contractors have indicated that cleanup of the tanks can be an
issue. With terminal blends, tlstorage stability should not be a problem. They
have reportedly been storéa several months or more without problems
Climate conditionsMost projects havearyingclimate conditions. There is a
lack of performance information on usage in cold climatesreas that receive
snow.

Loss of colof Some users have reported Terminal Bleratipcts loseolor

quickly and turn grey.

Lack of a clear definitionThere is not a clear universal definition of Terminal
Blend betweemther statesThis creates d@epancies when evaluating Terminal
Blend usage throughout the United States.

Relative performancerhe CIWMB would like documented evidence that the
TerminalBlends perform as well as the traditional field blended asphalt rubber
products andhatthey ae as cost effectiva.his will be discussed in the next
section.

Each of these issuese being addressad the terminal blends camecome accepted by
the CIWMB for the grant progranit the present time, the use érminalBlends is an
excellent altenative to asphalt rubbdrowever, 1 is a different product and the products
cannot be interchanged.
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6.0EXPERIENCES IN COMPARING ASPHALT RUBBER WITH TERMINAL
BLENDS

This section presents a summary of projects cortstiuzy Caltrans whermirect
comparisons between the terminal blends ARdfield blendswere available

6.1 HVS TESTING AT UC BERKELEY

This study was sponsored by Caltrans and conducted by the University of California
Berkeleypartnered Pavement Research Cerera(a, et. al., Z¥). The questions
addressed were as follows:

1 The question asked by Caltrans and Industiill gap-graded modified binder
(MB-G) mixes provide performance equal to gmpded rubberized asphalt
concrete (RAGG) mixes in half thickness applications?

1 Why was this question asked®B could offer cost savings, and widen the
application range for rubberized binders.

Caltrans, industry and academia developed a comprehensive plan for laboratory testing,
Heavy Vehicle Simulator (HVS) testing, and fatlale testig on inservice highways.

The University of California Pavement Research Center (UCPRC), through the Partnered
Pavement Research Center program, performed the laboratory and HVS testing. The
HVS was used to apply very high traffic loads to 12 uniformingtiand reflective
cracking test sections under controlled, matching conditions. A total of more than
15million load repetitions (about 4QMillion equivalent standard axles loads) were
applied during the study This provided reliable data that was uséd develop and
calibrate mechanistic models to simulate the performance of similar materials not
included in the study, and to extrapolate the results from test sections to other conditions
such as different traffic levels, pavement structures, and sthgasement deterioration.

Construction of the test road was designed following standard Caltrans procedures and
incorporates a 41m Clas®? aggregate base (recycled construction waste) on a clay
subgrade with a 9tm denseggraded asphalt concrete (DGASurface. Design thickness

was based on a subgradev@ue of 5 and a Traffic Index of (~131,000 equivalent
standard axle loads, or ESALsSThe road was constructed in 2001 by commercial
contractor (selected based on {bwl) using conventional equipmten

This structure was trafficked with the HVS between February 2002 and April 2003 to
induce fatigue cracking. A total of approximately 3.3 million load repetitfegsating

to about 17.7 million equivalent standard axles (ESALS) using the Caltraagpb@eny

were applied to six sections to induce a minimum ofn®%? fatigue cracking on each
section. Upon completion of the HVS tests, the road was overlaid with six different
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treatments in June 2003. The thickness for the control DGAC overlay wersnaetd
according to Caltrans Test Meth886. The other overlay thicknesses were either the
same or half of the DGAC overlay thickness. The treatments included:

Half-thickness (45nm) MB4 gapgraded overlay;

Full-thickness (90nm) MB4 gapgraded overlay

Half-thickness MB4 gajgraded overlay with minimum 15 percent recycled tire
rubber;

Half-thickness MAC15TR gagraded overlay;

Half-thickness rubberized asphalt concrete -gemled overlay (RAGS),
included as a control for performance comparison pugy@sel

1 Full-thickness (90nm) AR4000 densgraded asphalt concrete (DGAC) overlay,
included as a control for performance comparison purposes.

E

= =

The purpose of the second round of HVS tests was to assess the effectiveness of the
overlays in limiting reflectrte cracking in subsequent HVS testing. The HVS test
sections were precisely positioned on top of the sections already trafficked on the
underlying pavement. A higtemperature rutting study on sections adjacent to the
reflective cracking sections was @lsarried out to assess the susceptibility of the mixes

to early rutting at high pavement temperatuf@se Figure 6.1). Figure 6.2 shows the
cracking after traffic.

Figure 6.1 Rutting Section after Trafficking
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Figure 6.2 Cracking Section after Trafficking

The overlay rutting sections were trafficked with the HVS between September and
Decembel003 During this period a total of about 80,000 (60kN) channelized,
unidirectional load repetitions with a dual tire (4a pressure) were applied @&s the
sections, equating to approximately 455,000 ESALs. A temperature chamber was used to
maintain the pavement temperature at 50°C+4°C. Measurements taken at regular
intervals throughout the test included air and pavement temperatweeptin elastic
deflection, and surface and-depth permanent deformation.

HVS trafficking of the overlay reflective cracking sections took place between January
2004 and June 2007. During this period a total of approximately 12.5 million load
repetitions at loads vang between 6&N and 10kN, depending on the stage in the test

plan, were applied across the sections, which equates to about 385 million ESALs. A
temperature chamber was used to maintain the pavement temperature on each section at
20°C4°C for the firsbne million repetitions, then at 15°C+4°C for the remainder of the

test. A dual tire (72@Pa pressure) in a bidirectional loading pattern with lateral wander
was used for all experiments. Measurements taken at regular intervals throughout the test
included air and pavement temperatures, surface adépth elastic deflection, surface

and indepth permanent deformation, and cracking.

A forensic investigation was carried out after HVS testifidhe final summary report
(UCPRGSR-200%-03) plus other suppting documents can be found at
www.its.berkeley.edu/pavementresearchy c¢cl i cki ng the on Apubl i
Areports f or CclThidireclndedsexcavatibn aadjassessmeeat.oe4Bits,

coring, density and moisture determination, Dynamic Cone Penetrometer (DCP)
measurements, and microscope studies of material sampled from the pits. Observations
revealed that most of the deformation measured in the rutting study occurred in the
underlying DGAC. There was some variation in layer thicknesses over the length of the
experiment. DCP measurements and scanning electron microscope studies indicated that
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the stiffness of the recycled aggregate base varied somewhat between sectians due t
some recementation that occurred after construction. The strongest part of the base was
typically between 100 and 2%0m. Studies of the asphalt layers, including fractured
cores, showed that cracking in the DGAC and RBGverlays had mostly reflectdrom

the underlying DGAC layer. There was no observed cracking on the surface of the MB
sections.

Laboratory fatigue and shear studies were also conducted in parallel with HVS testing. In
the cracking study, flexural frequency sweeps (stiffness agrdiff temperatures and
period of loading related to traffic speed and climate) and flexural beam tests were
carried out to assess cracking resistance of the overlay mixes. In the shear study,
stiffnesses at high temperatures and permanent deformatiaghateimperatures were

used to evaluate rutting resistance. Tests were carried out oAmfiedd, field
compacted, (shear study only), figtuxed, laboratorscompacted, and laboratenyixed,
laboratorycompacted specimens.

Laboratory results were stdtmally analyzed to identify the significant variables
affecting stiffness, fatigue and permanent shear deformation performance. The effects of
aggregate gradation, lofigrm aging, akvoid content, mix temperature, and strain/stress
level were the focusf the study, with both fiekdand laboratoryprepared specimens
compared. Regression models were developed to portray the effects of the significant
variables on the performancelated properties. Test criteria for the shear study included
Cycles to SPercent Permanent Shear Strain, Permanent Shear Strain at 5,000 Cycles, and
Resilient Shear ModulusGf). In the fatigue study, test criteria included number of
cycles to 50 Percent Loss of Stiffness. Analysis of stiffivessusstrain repetition
curvesshowed differences in crack initiation and propagation between the DGAC and
RAC-G mixes and between the RA® and MB mixes, with results indicating that
damage may slow during the propagation phase of the-@A@x, and even more so for

the MB mixes, whi it accelerates in the DGAC mix.

The results indicate that gapaded mixes with MB4, MB4 witil5% rubber, and
MAC15TR binders will provide superior performance in terms of reflective cracking
compared to the same half thickness of RBCwhen used in th overlays on cracked
asphalt pavements. With regard to rutting performance, conventional-glanies
asphalt concrete was clearly superior to all other mixes, followed by the@A«dd
then the modified binde(MB) mixes. Most of the rutting in the \F6 test sections
occurred in the DGAC layer below the overlays, and not in the overlay itself.

As a result of this study the researchers made the following recommendations:

1 MB-4 with 15% rubber, and MACL5TR binders can be used in appropriately
designedhalf-thickness overlay mixes for reflective cracking applications where
RAC-G would normally be considered. There is potentially a greater risk of
rutting compared to RAG if these mixes are used under slow moving, heavy
truck traffic in hot climates, mee the current mix designs should not be used in
locations with these conditions until proven in pilot projects osseivice
highways.
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1 The HVS calibrated simulation models should be used to assess the performance
of other mixes or changes in binder sfieations and to validate future mix and
thickness design changes.

1 Longterm performance monitoring (rutting, cracking, forensic coring and
assessment of the interactions of underlying pavement and thin overlays) of in
service test sections should be couéd to relate lonterm performance to the
laboratory and HVS findings.

6.2FIvVE YEAR WARRANTEE PROJECTS

Background

In 2002, Caltrans initiated a program that would require contractors to provide warranties
for Rubberized Asphalt Concrete (RAC) pavertse In order to find out if such

requirements are viable and cost effective for both Caltrans and industry, five pilot
projects were constructed at various locations across the state to evaluate not only the
performance of RAC but also the effectivenekthe warranty specifications associated

with it. All five proposed RAC warranty pilot projects are complete. Highway 395 in
Lassen County was the last of five pilot projects and was completed on Au@dsarD

the only project with a Terminall&d bnder.

Lassen 395 is located on Highway 395 between the town of Doyle and Hallelujah
Junction in Lassen County. Itis a high desert area with an elevation of approximately
1280 meters above sea level. The project consisted of overlayitema @ndivded

highway with 60 mm of Dense Graded AC (DGAC) usinteaminalBlend asphalt

rubber binder (MBD) with 15 % rubber. Project limits are from KP 19.0 to KP 39.91.

An 8-kilometer gap (KP28.3 to KP 36.21) exists within the project limit that is nobpart

the warranty. This particular section was paved with the same RAC material by means of
a Contract Change Order (CCO). Surface preparation for the warranty section, included
a PASS scrub seal and a thin blanket asphalt concrete (AC) overlay. The prime
contractor for this project was Teichert Construction Company.

The Lassen 395 RAC warranty pilot project is unique in two ateafnvironmental

zone and the type of binder used in the hot mix. The contractor opted to use the

fiTerminalBl end o rkait heer t han the typical Afwet pr oce
ot her four RAC warranty pilot projects ment.
specified through Caltrans special provisions whenever RAC is used in a project. The

Awet pr oc élendscCrumkeRubberdodifier (CRM) with the asphalt cement at

the production site before incorporating the crumb rubber modified binder with the

aggregate and can only be used with agapa d e d a g g TeengnalBl ee.n d 0T hies #

also a form of a wet press where CRM is blended with hot asphalt binder at the

refinery or at an asphalt binder storage unit and can be used with a dense graded

aggregate.
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Findings

After 5 years of serviceJaltrans2009) most test sections are in good to very good
conditionwith minor distress noted. Based on the performance history, thickness and
deflection information, most of the pavement evaluation sections should perform their
expected life of 10 years with minor maintenance and pavement preservation treatments.
Howe\er, there are reported concerns about the low severity raveling noted along the
length of the project in the wheel paths. This is attributed to tire chains, studded tires or
heavy loads. These conditions need to be monitored regularly. More detaiésstady

can be found at the Caltrans website:
www.dot.ca.gov/hg/esc/translab/ofpm/deliverable.htm.

6.3FIREBAUGH PROJECT-SR33

Background

The Fresno Highway 33 experimental overlay projedbcated near the town of
Firebaugh in the central valley Galifornia. It consists of nine pavement test sections
with a variety of rubbemodified asphalt concrete mixes and a control section of a Type
A densegraded asphalt concrete (DGAC). The rubfedified sections include a
rubberized asphalt concrete (RATypeG (wet process), a Rubber Modified Asphalt
Concrete Gap Graded (RUMAC, dry process), a TypeModified Binder (MBG), and

a TypeD Modified Binder (MBD). Both the MBG and MBD areTerminalBlended

wet process binders. All rubbarodified pavemet test sections include two thicknesses:
45 mm and 90 mm. The DGAC section is 90 mm thick.

Preconstruction, construction and performance information for the Highway 33 project
is described in three separate volumes:

1 Volume 1 (March 2005) describes ttiesign and construction of the experimental
section

1 Volume 2 (November 2005) includes results of laboratory tests on samples
obtained from the field and prepared in the laboratory. The laboratory testing
program consisted of rutting and fatigue measuresnasitwell as wheel tracking
to assess moisture sensitivity

1 Volume 3describes the results of recent evaluations of the nine experimental
sections (PES) in terms of visual distress surveys, deflection testing and limited
pavement coring

1 Volume 4Final Repor (September 2008) which summarizes the findings from
the study

All of these reports can be found on the Caltrans website
www.dot.ca.gov/hq/esc/Translab/ofpm/deliverables.htm
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Findings

In terms of field performance, the MB mix performed best, followed by MB and

DGAC at about the same level of performance, followed by the-BADd RUMAG

GG sections. While MED, MB-G and DGAC appear to meet or exceed the performance
requiremats for the projected 1gear design life, the RAG and RUMAGGG sections

are already in poor condition after only four years of service. In other words, th€GRAC
and RUMAGGG overlays did not perform as expected and appear to be inferior to the
DGAC mix. Higher deflections, existing moisture damage and/or poor pavement
condition prior to overlay cannot be blamed for the inferior performance of these two
mixes. Similar preoverlay conditions were noted on some of the PES that performed
well.

Based on raew of the available data from the mix desigh® construction and

laboratory reports, it appears that construction factors (particularly compaction) may have
had the most impact on the performance of the FAR@aterials. Laboratory tests

indicated thaRAC-G with in-place air void contents of greater than 6.0% may exhibit
poor performance, particularly with respect to rutting. A higher AR binder content would
likely have increased this relatively low threshold air void content somewhat. For this
reasongconsideration should be given to optimizing AR binder content during mix

design, rather than simply meeting minimum specification requirements. Since only 1 of
12 cores exhibited less than 6% air voids, it appears that most of thé&SRpAdced for

this experimental project was not sufficiently compacted to provide the desired
performance, although it has not rutted. The new Section 39 of the Caltrans Standard
Specifications includes compaction requirements for FA@ixes that should help to
address thisssue. However, for this project, corresponding penalties would probably
have been limited to the hdliick RAC-G.

The relative performance of the MB and MB-G mixes indicates thaflodified Binders

(or Terminal Blendsare better suited for use in derggaded mixes than in gagaded
mixes. Although highly modified, theseHagjitation rubberized binders do not build
viscosity like the high viscosity asphalt rubber binders and should not be used to try to
mimic RAC-G mixes.

Other field observations amdnclusions include:

1 The primary failure mechanism at work on all nine PES is reflective cracking
which was confirmed by comparison of greerlay and postverlay distress
maps as well as by the fact that cracking, in many instances, started on the
shouters where traffic is minimal.

1 The loss of coarse and fine aggregate on the f&As&ctions (pojuts and
raveling) was also observed in other Caltrans RA@rojects (Caltrans RAC
Warranty Projects in San Diego, Ventura, Merced, Fresno and Mendocino
Countees). During construction of the Fresno Highway 33 project, the paving
crew mentioned that, in comparison with the other rubber asphalt mixes,
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RAC-G is less workable and more difficult to compact once the mix
temperature drops below a certain value. Th&asarof the overlay will be the
first to cool down and therefore compaction at the surface may not be
achieved as desired. As a result, coarse and fine aggregate will be lost from
the mix under the action of traffic loading and the elements. It is impddan
note that poputs and loss of fines occurred not only in the wheel paths but
throughout the entire overlay area including the shoulder. Aggregate
properties were not evaluated to determine if there were related causes.
1 Bleeding was observed on bothBM5 sections and it was worse on the
thicker MB-G section. The mix design and construction data indicate that the
MB-G materials wesmpdalitldaloy wi ¢a-placdacw VMA an
void contents. Unlike highiscosity asphalt rubber bindéviodified Binders
canodét develop high enoedownbfthe bisderbam ty t o pr
the gapgraded aggregate blend at normal mixing and compaction
temperatures. The relatively high design binder content selected in an attempt
to conform to the requiremenfor RAGG is a primary reason that bleeding
occurred on the MBG sections. The heavy agricultural truck traffic was also
a contributor. In comparison, no bleeding was found on theDMd&ctions
where a densgraded aggregate gradation was used, whigears to be a
much more suitable use of MB materials.

6.4MENDOCINO COUNTY PROJECT-SR?20

Background

TheMendocinoHighway 20 experimental overlay project locatednearthe town of
Ukiah about 120 miles north of San Franciscadhsists othreepavement test sections
with a variety of rubbemodified asphalt concretaixes and a control section of a Type
A densegraded asphalt concrete (DGAC). The rubimedifiedsections include a
rubberized asphalt concrete (RAC) Typgwet process), a Rubber Mbidd Asphalt
Concrete GapGraded (RUMAC, dry processnd a TypeD Modified Binder (MBD).
TheMB-D is aTerminal Blended wet process bindél rubberized asphalt concrete
overlays are 60 mm thick. The DGAC overlay is 105 mm thick.

The work plan, p-construction, construction and performance information for the
Highway 20 project is described in several separate volumes:

1 Volume 1 (July 2005) describes the proposed monitoring, sampling and testing
plan for the experiment

1 Volume 2 (July 2005) descels preconstruction conditions in terms of distress
surveys and deflection testing

1 Volume 3 (December 2005) describes the design and construction of the
experimental section
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1 Volume4 (September 2008lescribes the results of recent evaluations of the four
experimental sections (PES) in terms of visual distress surveys, deflection testing
and limited pavement coring.

All of these reports can be found on the Caltrans website located at
www.dot.ca.gov/hg/esc/Translab/ofpm/deliverables.htm

Findings

After 3 years of service, the rubberized asphalt concrete overlays as well as the control
DGAC overlay are in very good condition and will likely meet or exceed the performance
requirenents for the projected 1gkear design life. It is recommended that the project is
visited again in a twahree years time frame to monitor the initiation and development of
distress and to evaluate the relative performance of the four different rubeestedt
products.

6.4 MODIFIED BINDER CHIP SEALS IN HOT CLIMATES WITH HIGH TRUCK TRAFFIC
VOLUMES

Background

Five rubberized asphalt chip seal test sections (sectidr) Were placed in November

2008 in California District 11 on Highway 86 in southemtifornia near Westmoreland.

The average high temperature in the summer is arourfé ¥&th an average low of

15°F at night in the in the winter. The average daily traffic is in excess of 9,500 vehicles,
with over 3,300 vehicles being trucks. The latgoof the test sections are shown in

Figure 1 while the description of the materials used in the test sections are given in Table
6.1 and 6.2 Sections %6 included asphalt rubber test sections. Sectiehk included

several materials including terminaend rubberized asphalt. This article will address

only the sections-11.

10
11B 11A

Figure 6.3Layout for Hwy 86 Chip Seal Test Sections
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Table 6.1 Description of materials and application rates uses in the Test Sections

71 PG82-16 (8%WTR + 3%SBS, 100PAYV, 1/ 2dprecoa
8-PG70-22 (5. 5%TR + 3%SBS -predoated P0A/¥l/syd] térRisahbéemd
91 PMAR*( 1 5. 5 %TR, 2% SBS, 1/ 20oprecoated, 0. 4
107 PG76-22 (8%TR + 3%SBS, 100PAYV, 1/ 20precoa
11AT PG70-22 (5. 5%TR + 3%SBS, 110PAV, 3/ 80pre
11Bi PG70-22 (5. 5%TR + 3 %S Bfcoatdd1004gksyt) terrhinabbiend

*Polymeer Modified asphalt rubber

Table 6.2 Modified Asphalt Chip Seal Binder and aggregates variation

Section ActualP PAV % Tire e l © n(c 3/ 80 In
G grade content Precoated| Precoated Precoated accordance
to the final
NSSP binder
— . (622IR
7 82-16 100 8.0 Yes - - No
8 70-22 110 5.5 - Yes - No
9 Unknown | N/A 15.5 Yes - - No
10 76-22 100 8.0 Yes - - No
11A 70-22 110 55 - - Yes No
11B 70-22 110 55 Yes - - No

The test section construction consisted of a combination of field blended and terminal
blended productand the main purposegre to validate the NSSP specification that was
written without specifying a process and is based orresult specifications. Variations

in aggregate sizeavith or without precoating were included to check for construction
variability and effect of aggregates on performance of the section based traffic loading.

Binders in all sections exhibited good adhesion properties after two years of construction.

In these specific test sections, the-poated aggregated performed betteretention

than the nofpre-coated one, but on closer look, section 8 shows that loss of the Ron pre

coated aggregates was during the initial life of the section but slowed down thereafter. In

t he secti on t hcaated aggregaltes,tthie emind@it vBad mych gecater

than the 10 and for these specific condition

Section 7 was constructed in the north bound direction. The start of the section had less
embedment of the rock thaearthe end of it which nght be due to change of spray
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rate. A change in appearance between the first half and the second half wagS$exted.
Figures 6.4 and 6.5)

Figure 6.5: Section 7, start of second portion

Figure 6.4 Section 7 first portion of test section

For setion 8, a nofprecoated aggregate was used. The loss of aggregatmteds

during the initial stage of the construction. This section was placed to evaluate the effect
of the precoated in chip seal application especially if it is not caped. This engshihsiz
requirement for aggregates to be-poated in the NSSRSee Figures 6.6 and 6.7)
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Figure 6.7 Section 8: Clogr look after the initial loss of non
precoated aggregatesT he performance has been stablénereafter.

Section9 was constructed ata laterdate d wasnodt i ncluded in the
test sections since it has a higher contd tire rubber in comparisdo the other

sections. Nevertheless, the penmi@nce, when it comes to aggregate embedment, was

similar to the other sectionbut was too stiff to mitjate reflective crackindSee Figures

6.8 and 6.9)This finding has triggered a change in the NSSP specification to have an

upper limit on DSR in adition to the minimum value.
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Figure 6.8 Section 9good embedment.

Figure 6.9 Section 9, good embedment bigomeof reflective cracking
Section 10 was const r uct -edhtedochip ancheghibisgnadt h b o un

performance in aggregatetention, embedment and reflective cracki(fgee Figures
6.10 and 6.11)
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Figure 6.10 Section 10: Closer look at aggregate

Figure 6.11Section D-good performance
Section 11B was constr uct-eatedchipandlexdib sout h bou

good performance in aggregate retention, embedment and reflective cra@asgy
Figures 6.12 and 6.13) it did exhibit some minor reflection cracking.
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