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S.S.D- Saturated, Surface Dry
TSR - Tensile Strength Ratio

VFA — Voids Filled with Asphalt
VMA - Voids in Mineral Aggregate
VOC - Volatile Organic Compounds
VTM — Voids in Total Mix

WMA — Warm Mix Asphalt

wt% — Weight Percent



LIST OF FIGURES

Figure 3-1 Locations Of teSt SECHONS ... eeeeeeeees 8
Figure 3-2 Locations of asphalt plant and teSti@BEItES. ........cccovveieieiiiiiiieeeeeee s 9
Figure 3-3 Blemishes from throw back (Evotherm mix)..........ccccovviiiiiiiiiiiiinnnenn. 17
Figure 3-4 Blemishes from throw back (Evotherm mix)..........ccccoovvvviiiiiiciiennnnnn. 17
Figure 3-5 Blemishes from throw back (Evotherm mix)..........ccccevviiiiiiiiiiiiinnnnnn. 17
Figure 3-6 Blemishes from throw back (Evotherm mix)..........ccccoovvvviiiiicciiennnnnn. 18
Figure 3-7 IR image on truck load crust (Evotherm)m...........cccoevviiiiiiiiiiiiiiiiiiii 18
Figure 3-8 IR image of Evotherm mix behind screed..............cccee i, 18
Figure 3-9 Pulling on Rediset WMA test SECHON coe...cevvvvvviiiiiiiieeee e 20
Figure 3-10 Gearbox stripping on Rediset WMA t&sti®n.............coovvvvvvivveviniinnennn. 12
Figure 3-11 Blemish on Rediset WMA test SeCtiQN .ccc.uvvvveiiiiiiiiiiiieeceiieeeeeiiiiiees 21
Figure 3-12 Blemish on Rediset WMA test SeCtiQN.ccc.vvvuveiiiiiiiieeieeieeeeeeeeeiees 21
Figure 3-13 Blemish on Rediset WMA test SeCtiQN .ccc.uvvvveiiiiiiiiiiieieeeeeeeeiiiiees 22
Figure 3-14 IR image on truck load crust (RediS®AY .........ccccoeevveeeieeiiieiieeiiiiinnnns 22
Figure 3-15 IR image of Rediset WMA behind screed.............ooovviiiiiiiiiciiinnnenn. 22
Figure 3-16 Cold mix clumps of Cecabase RT WMAG@DDES ...........cvvvviiiiiiiiieeeeeeennn. 23
Figure 3-17 Removal of cold Cecabase RT WMA clufn@s) hopper .........ccccceeeeeennn.. 24
Figure 3-18 Blemish on Cecabase RT test SECHQAN w.vvvvvvvvvviiiiiiiiiiiiieieeee e 24
Figure 3-19 Blemish on Cecabase RT test SECHQN .cevvevviiviiiiiiiiiiiiiieeeeeeeeeeeeeee 24
Figure 3-20 Pulling on Cecabase RT test SECOM.........cccevveeeeieiiiiiieeeeeeiiiieeeas 25
Figure 3-21 IR image on truck load when Cecabasewas being unloaded ................ 25
Figure 3-22 IR image of Cecabase mix behind screed..............ccceeeeeeiviiiiiveiiinnnees 25
Figure 3-23 IR image on truck load when mix waoaded ...............ccoovvviiiiiiiiiienneenn. 27
Figure 3-24 IR image on placement mat behind theest............ccccooevieii, 21.
Figure 3-25 Paving of 9.5 MM SUPErpave MiX ......c.....uuuureiiiiiiiinneeeeeeeeeeeeeeeeeeieeee 27
Figure 4-1 Fatigue teSt reSUILS.........uuiceeeeeeiiiiee e 36
Figure 4-2 Hamburg teSt re@SUIS........ o o 38



LIST OF TABLES

Table 2-1 Property Of AQQregates........iiccccciei i i e e eeeeee et eee e e e e e e e e eaaes 5
Table 2-2 Aggregates Used for the MIXES ......cccuuvuiiiiiiiiiiiiii e 6
Table 2-3 Aggregate Gradation and Asphalt Contents..............evvvveviiiiiiieeieeeeeennnn, 6
Table 2-4 Volumetric Mix DeSIgN Datal .........cueemeeeiiiiiiiiiiiiiiiiiiiern e eee e 7
Table 3-1 Construction Dates and Locations of BESHONS ............uveveieiiieeiiiiiieennenn Q..
Table 3-2 Aggregate Stockpile Moisture Contents.............ccouveevieiiiiiiiieeeeeeevienae 10
Table 3-3 9.5 mm Superpave Mix Plant Productiondmation ............ccccceeeeeeeeeeennnne. 10
Table 3-4 9.5 mm Superpave Mix QC Test Resultssghalt Plant.......................oooo. 11
Table 3-5 Evotherm WMA Mix Plant Production INforfi@a. ..............cccevvvviiiieeeeninnnnn. 11
Table 3-6 Evotherm WMA Mix QC Test Results at AdpRdant..............cccceeiiennennn. 12
Table 3-7 Rediset WMA Mix Plant Production INfOrmmat..................oooeeiivvvvvvinnnnnne. 12
Table 3-8 Rediset WMA Mix QC Test Results at ASpRdNt ............cceeeeeiiiiiiiiiin. 13
Table 3-9 Cecabase RT WMA Mix Plant Production fnfation ...............cccccvvvvvvnneeee. 13
Table 3-10 Cecabase RT WMA Mix QC Test Resultsgihalt Plant .......................... 14
Table 3-11 Weather Condition during ConsStruCtiQn e........cvvvvvviiiiiiiiieieeeeeeeeeeeeeee, 14
Table 3-12 Summary of Laydown /Compaction Informatior All Sections................ 15
Table 3-13 Summary of Evotherm WMA Mix Test SectRawving Information ........... 19
Table 3-14 Summary of Rediset WMA Mix Test Sectiraving Information ............... 20
Table 3-15 Summary of Cecabase RT WMA Mix Test i®adPaving Information...... 26
Table 3-16 Summary of 9.5 Superpave Mix Controlti®ad?aving Information .......... 28
Table 3-17 Compare Paving Quality of WMA Mixes w@lontrol mix ...........ccc..cevveeeee 30
Table 4-1 Laboratory TeSt Programs ........ccooeeeeiiiiiiiiiiiiiiiiiiicnse e ee e e e 31
Table 4-2 Basic Volumetric MiX PrOpPErties ... ueeeeeeiieeieeiiiiiiiiiiinieeeeeeeeanaeaneens 32
Table 4-3 Aggregation Gradation ............ccccceeiiiieeeiiiiiiiie e e e ee e 32
Table 4-4 Moisture Susceptibility TeSt......oo i e 33
Table 4-5 Rutting Susceptibility TeST .......coumeeieiiii e 34
Table 4-6 Bond Strength Test RESUILS ... e e eeeeeeeeeeiiiiiciiee e eeeeeee e 34
Table 4-7 Dynamic Shearing Rheometer TeSt.....ccoooooiiiiiiiiiiiiiiiiiii e 35
Table 4-8 FAIQUE TEST ....ccevvveirieeeeees o e e e e e e e e e e e e eeeeeeeaeaseesann s s seneenasaeaeseaeeaeaeees 36
Table 4-9 HambUIg TSt ....c.uuuiiiiiiii s oottt e e e e e e e 37



Table 4-10 Summaries of Post-Construction Laboyal@st Results ...............ccceeeee. 38

Table 5-1 VOC Emission Study ConditioNS .....cccccvvvvvvvviiiiiiiiiiiiieee e eeeeeeeeeeeeeeeeeen 44
Table 5-2 VOC Measurements at Asphalt Plant — EBBrothWMA ..........ceeiiiiiii, 45
Table 5-3 VOC Measurements at Asphalt Plant anihB&ite—Control Mix............... 45
Table 5-4 Rediset Additive VOC MeaSUremMents ..........ccevveviriuieinniiinnenneeeeeeeeeeeeens 46
Table 5-5 Cecabase RT Additive VOC MeasurementS ..........ccccuvvvvvviiiieeeieeeeneeenns 7.4
Table 6-1 Summary of Asphalt Plant Production aadify) Data..................cccoevvnnnnnn.e. 48
Table 6-2 Summaries of Post-Construction Laborai@st Results ............cccccceeeeeeennnn. 49

Vi



EXECUTIVE SUMMARY

Background

Rising energy costs and increased awareness osiemiproblems in the production of
Hot Mix Asphalt (HMA) have brought attention to tpetential benefits of Warm Mix
Asphalt (WMA) in the United States. A number ofan&/MA processes and products
have become available that have the capabilityedficing the temperatures at which
asphalt mixes are produced and paved without comigiog the performance of the
pavement. These new products can reduce produetioperatures by as much as 50°F
or more. Lower plant mixing temperatures wouldue= the fuel consumption by as
much as 30 percent or more and thus reduce thetapercosts. Lower plant mixing
temperatures would also reduce gas emission, whmiesents significant cost savings to
an asphalt plant for its emission control facilitf MA will also allow longer haul
distances and a longer construction season th#meifmixes are produced at normal
operating temperatures. Lowering the mixing terapge would reduce oxidative
hardening of the asphalt and thus could resulimproving the pavement’s performance
by reduced thermal cracking and block cracking.

However, lowering the mix temperatures, in dryihg aiggregates and in the mixing
operation, could potentially cause WMA to be manecgptible to moisture damage and
rutting. These potential distresses as well asshiges related to the constructability of
WMA are important and need to be carefully evalddte ensure the viability and long
term performance of WMA mixes.

Objective of Proposed Research Program

The research study presented in this report waséhend pilot study initiated by the
Georgia Department of Transportation (GDOT) foreasgng the potential use of WMA
in Georgia highway pavements. The pilot studyudeld placing pavement test sections
using the following three WMA mixes (the Evotherm MAX (developed by
MeadWestvaco Co.), the Rediset WMA (developed byoNobel) and the Cecabase RT
WMA (developed by CECA)) and a 9.5 mm Superpaveirobmix. The three WMA
test sections and the control section were a fattten9.5 mm Superpave mix overlay
construction project on State Route 42 in Monroer@yp, Georgia. The project consists
of 12.091 miles of milling, inlay, HMA resurfacingnd shoulder reconstruction on State
Route 42 beginning North of State Route 74 andrehte to State Route 18.

The objective of this research study was to agbese three WMA mixtures through
(1) assessing the constructability of the WMA mix@3 evaluating the properties of the
WMA mixes through laboratory testing of the mixesguced during the construction of
the test sections, and (3) conducting initial assesnt of the performance of the WMA
pavements.
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Major Findings

(1) The three WMA mixes studied in this pilot projested the same 9.5 Superpave mix
design. The reason for using the same mix des@m thvat the amount of additives
used in these three mixes was very small and shmaildffect the mix characteristics.

(2) The asphalt mixes for the four test sections weoglyced by the Astec continuous
drum plant with a production rate of 220 tons peurh The relevant mix production
and paving data for the four mixes are summaripedable A below. The quality
control testing was performed on the mixes producdte asphalt plant, and the test
results indicated that deviations from the Job Mormula (JMF) for the asphalt
content and aggregate gradation were within theeaace limits for all four tested

mixes.

Table A Summary of Asphalt Plant Production and Rving Data

Results
Mix Type SSbSe:B;nve Evotherm Rediset Cecabase RT
Paving Date 10/30/2009 10/29/2009 11/3/2009 110820
Tonnage produced 1098.7 ton 1715 ton 1592.05 ton 1696182
Additive dosage, wt% of mix n/a 0.6% 0.2% 0.44%
Fuel consumption, gal / ton | Not available| Not availablg Not available Not amhle
Mix TemperaturesF
-Production 315 260 280 260
-At load out 300 240 - 255 265 - 270 265 - 260
-Behind screed 295 230 — 250 240 - 255 2205-
Length of paved test section 0.7 miles 1.3 mileg 3 niles 1.8 miles
Use MTV no yes yes no
Compacted mat thickness 1 Yinch 1 Yainch 1 Y inch 1 Yinch
In-place VTM 5.7% 7.1% 5.8% 5.8%
Surface defects no Occa_sional Fre_quent blemishes, Frequent bl_emishes
blemishes pulling and stripping and pulling
Time when opened to traffic 2 hrs. 2 hrs. 2 hrs. hr
Pavement smoothness 623 mm/km 732 mm/km 845 mm/km 21 m8n/km

(3) Paving of the 9.5 mm Superpave mix control sects@s successful and did not
encounter any problems during the paving operat®aving of the Evotherm WMA
mix was considered acceptable. A Material Tran¥fhnicle (MTV) was used in the
paving train and had helped improving the pavingrapon. Even with that, some
blemishes still occurred on the asphalt mat belin@dscreed requiring some hand
work to correct them. An MTV was used also in pla@ing train during the paving of
the Rediset WMA mix. However, the paving qualitysnva general unsatisfactory.
Blemishes occurred more frequently behind the sctiean the case when Evotherm
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mix was used. Paving of the Cecabase RT WMA makrait utilize an MTV. The
quality of paving with the mix produced at 280 was poor with a large number of
cold mix clumps present in the hopper requiring faving crew to remove the
clumps. Severe blemishes and pulling were obseovethe asphalt mat behind the
screed.

(4) Compared with the first pilot study conducted i©20blemishes occurred much less
frequently for the Evotherm WMA mix test sectio@ther than the different WMA
additive used in this pilot study, use of an MT\e paving operation had improved
the paving quality. However, compared with the @y Superpave control section,
blemish and pulling still occurred. This would icate that the WMA additives used
in this pilot project were inadequate toward pradgcthe intended effects. This
could be due to either of the following two reasqi$ the applied dosage rates could
be insufficient for the three WMA additives usedtls pilot project. The adequate
dosage rates recommended by the additive suppdiecsild be validated in a
laboratory prior to the field implementation; or) (e methods for introducing the
Rediset and Cecabase RT additives into the mixuegation could be ineffective.

(5) Laboratory tests were performed on the asphaltaulbected from the asphalt plant
during the construction and the cores taken from fthur test sections. Table B
summarizes the post-construction laboratory testlte

Table B Summary of Post-Construction Laboratory Tes Results

9.5 mm Evotherm Rediset Cecabase
Superpave WMA WMA RT WMA
Volumetric Properties
-% AC 5.46 5.81 5.88 5.83
-VTM, % 2.3 1.6 1.4 1.9
-VMA, % 14.5 14.7 13.0 13.4
Recovery Binder
-Viscosity, poises 5646 5343 5272 5671
Moisture Susceptibility
-Tensile splitting-control, psi 110.6 85.3 76.9 80.9
-Tensile splitting-conditioned, psi 120.5 99.2 89.7 87.8
-TSR, % 109 116 116 109
APA Rutting, mm 5.78 6.55 5.79 5.93
Hamburg test,
Rut @ 10000 cyl., in. 0.40 0.20 0.35 0.53
Bond Strength, psi 208.6 132.2 1155 127.4
Fatigue Testing
-cyls. to failure 14773 13470 22490 29814
-Stiffness, MPa 1585 2323 1139 951




The air voids for all three WMA mixes compactedNatsign (design number of
gyrations) of 65 were less than 2.0%, much less tha 4.0% design air voids.
Therefore, rutting susceptibility should be closeignitored in the next summer
or two on these test sections. The control mix cactgd under the same
conditions having VTM (Voids in Total Mix) at 2.3%ould also indicate this
mix has marginal rutting resistance.

The dynamic shear Rheometer tests were performedhenasphalt binders
recovered from the mixes produced at the plante rBisults in terms of G* and
G*/sind indicate that there is no significant differenagvireen the asphalt binder
of the control mix and that of the three WMA mixafser the short term aging
during the production of the mixes in the asphkhp

Results of the GDT-66 moisture susceptibility testdicate that the 9.5 mm
Superpave control mix has a higher tensile stgbilinlues for both the
unconditioned (control) specimens and the condébspecimens than that of the
WMA mixes. The test results also indicate that theisture conditioned
specimens have higher stability values than thatefunconditioned (control)
specimens for each type of the mixes used in ilos f@st program, including the
9.5 mm Superpave control mix and the three WMA mixghus, the Tensile
Strength Ratio (TSR) values are over 100% for edi¢he four mixes. Regarding
the unusual TSR values, one engineer in OMR ex@tathat it happens at times
on finer and “tender” mixes such as 9.5 mm mix. whs thought that the
conditioning of the testing pills actually stiffetise mix to some extent. In the
meantime, given the higher AC contents in conjurctivith hydrated lime, the
tensile stability for the conditioned specimen bwes higher.The Cecabase RT
mix shows moderate stripping with considerableppirig on coarse particles and
moderate stripping on fine particles. The othexarishows only slight stripping.
According the GDOT standard (Section 828), all ¢hesxes meet the acceptance
requirements with a minimum tensile strength ofp80and a minimum TSR of
80%.

Results from the APA (Asphalt Pavement Analyzet)img tests indicate that all
four mixes meet the GDOT acceptance requiremdat®therm WMA mix has a
slightly higher rut depth value than the other ¢hnaixes.

Results from the Hamburg tests indicate that thetltarm WMA mix has the
lowest rutting and the highest stripping inflectipoint, and Cecabase RT WMA
mix has the highest rutting and the stripping ictilen point was close to what
Rediset has, which is the lowest one. This inégdlhat the Cecabase RT WMA
mix could be more susceptible to moisture than dfieer mixes, which is
consistent with the finding from the GDT-66 moigtwusceptibility tests. Results
from this testing showed the Evotherm WMA has mimher total rutting at
10,000 cycles than the other mixes, which is ogpdseithe finding from the APA
rutting test results.



Results of the bond strength testing show the bsirehgths from all the four
mixes all exceed 100 psi. The control mix has tigadst value of 208 psi and the
three WMA mixes have the strengths around 115@4i32 psi. Average bond
strength of 100 psi is the typical bond strengttween HMA pavement layers
against slippage failure.

The fatigue tests were performed on all four milodi®wing the AASHTO T321-
07 standard. The rankings of cycles to failuogrfthigh to low among these four
mixes are: Cecabase RT mix, Rediset mix, Contraland Evotherm mix. An
ANOVA was performed on the cycles to failure amaimg four mixes. The
significance level of the ANOVA was 0.05. The réstnowed that the p-value,
about 0.03, is less than the significance thresbb@ 05, but is not exceptionally
low (less than 0.01). Thus, we can say that tledesyto failure among the 4
mixes show a statistical difference at a modergtafgcant level.

(6) A preliminary study was conducted by Georgia Tedsdarch Institute (GTRI) to

evaluate the relative magnitude of Volatile Orga@iesmpounds (VOC) emissions
during the production of WMA and the control mixtlaé asphalt plant and during the
paving operations. Results of the VOC emissionssmmeanents for the four mixes
indicate that VOC emissions generated from anyhef WMA mixes used in this
project at the asphalt plant and at the pavingasienot significantly different from

that of the control mix.

Recommendations

The following recommendations are offered with an toward better understanding and
improving the quality of the WMA paving operationdaperformance.

(1) Continuous pavement condition monitoring on the sestions is highly needed to
thoroughly evaluate the actual performance. lespecially important to closely

monitor the rutting susceptibility in the next susmor two.

(2) There was problem mixing the additives uniformlyoithe mixing drum during the
test of Rediset. It is recommended to develop tanbeshod to quantitatively measure
the percentage of additive applied right afterabditives are fully mixed in the drum
to ensure the right percentage of additives ioothiced uniformly into the drum in
the plant.

(3) When WMA is used in a paving project, the followiimformation in addition to that
stipulated under GDOT Standard Specifications 8ecti00.1.03 should be included
when the contractor submits the JMF after the eabtnas been awarded:

e The amount of WMA additive as percent of net bindsed in the mix or the
percent of the total mix weights used, particulasyen Reclaimed Asphalt
Pavement (RAP) is used.
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e A viscosity vs. temperature chart for the binderonporating the specified
WMA additive dosage.

e The procedure for incorporating the WMA additiveéoirthe mix, the mixing
temperature and mixing process in the laboratowgngioperations.

e Temperature and duration of aging, if differentnfrthe standard for aged at
135°C (275F) in an oven for 2 hours after mixing and prioctompaction.

e Any deviation from the Superpave mix design proceslu

(4) Submit the proposed JMF for approval at least 4kwdmstead of 2 weeks) before
the beginning the asphalt plant mixing operatiorhis would allow the Office of
Materials and Research (OMR) sufficient time toduet more thorough mix design
verification testing.

(5) It would be desirable to request that the WMA auditsupplier conduct the mix
design verification testing based on the JMF, tigregates, and the binder submitted
by the contractor, and forward the verification nd&sign results to the OMR. It
would be highly desirable that the WMA additive pligrs also provide the following
information for using the WMA additive during thertstruction.

e Minimum threshold mix temperature behind the screed
¢ Maximum allowable storage time in silo
¢ Maximum allowable storage time in truck

(6) OMR should perform mix design verification testingsed on the JMF, aggregates,
and binder submitted by the contractor and comfgaaesults with those from the
WMA additive suppliers. The mixing temperature &inel compaction temperature as
suggested by the WMA additive suppliers should &efally evaluated during the
laboratory mix design. Workability of the mix shduwdlso be carefully evaluated.

(7) It may be desirable to intentionally vary the tenapares of the mix at load out,
behind the screed, and during the holding time deess the sensitivity of the
temperatures and the storage time on the consbilitgtaof the WMA mix in the test
section of a construction project. This would pdevivaluable information for the
contractor and for the Quality Control Techniciamidg the mainline paving. If the
results indicate that the WMA mix used is too sevesito the temperature variations,
the project engineer perhaps should consider réggethe contractor to use a MTV
to mitigate the temperature sensitivity of the Wividx used for the project.

(8) OMR and the Office of Maintenance should coopetatglace additional WMA
sections to gain experience of using different syp€ WMA mixes. The proposed
research program for this pilot study presentedhis report, including the Post-
Construction Laboratory Testing and Evaluation Paog can be used to evaluate the
constructability and the properties of the mixes.
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Chapter 1 INTRODUCTION

1.1 Background

Rising energy costs and increased awareness osiemiproblems in the production of
Hot Mix Asphalt (HMA) have brought attention to tpetential benefits of Warm Mix
Asphalt (WMA) in the United States. A number ofan&/MA processes and products
have become available that have the capabilityediicing the temperature at which
asphalt mixes are produced and paved without comigiog the performance of the
pavement. These new products can reduce produetioperatures by as much as 50°F
or more (-6). Lower plant mixing temperatures would reducel ftonsumption by as
much as 30 percent or more and thus reduce thetapercosts. Lower plant mixing
temperatures would also reduce gas emission byuab @s 90 percentl). The typical
expected reductions of various emissions as pregent@) were: 30 to 40 percent for
Carbon Dioxide (Cg@ and Sulfur Dioxide (S€, 50 percent for Volatile Organic
Compounds (VOC), 10 to 30 percent for Carbon ModexiCO), 60 to 70 percent for
Nitrous Oxides (NOx), and 20 to 25 percent for dustvering the emissions represents a
significant cost savings to an asphalt plant far @mission control facility. Lower
emissions may allow asphalt plants to be built am-attainment areas, where there are
strict air pollution regulations. WMA will also alv longer haul distances and a longer
construction season than the mixes that are pradac@eormal operating temperatures.
Lowering the mixing temperature would reduce oxidahardening of the asphalt and
thus could result in improving the pavement’s perfance by reduced thermal cracking
and block cracking. There are some other beneditsh as allowing more Reclaimed
Asphalt Pavement (RAP) to be incorporated in theesi

However, lowering the operation temperature, inirdyythe aggregates and in the
plant mixing operation, could potentially cause WKtAbe more susceptible to moisture
damage and rutting2{4). These potential distresses are important aretl rie be
carefully evaluated to ensure the viability andgiearm performance of WMA.

WMA was originated in Europe in late 1990 and idtroed to the U.S in 2002 when
a study tour to Europe to examine WMA technologies conducted by the National
Asphalt Pavement Association (NAPAG)( A WMA Technical Working Group (TWG)
was formed by the Federal Highway AdministratiorH{#¥A) and NAPA to oversee
WMA investigations and field trials in the U.S., wh is led by the experts from NAPA,
the State Departments of Transportation (DOTSs), P;I¥e National Center for Asphalt
Technology (NCAT), and the American Association &tate Highway and
Transportation Officials (AASHTO) http://www.warmmixasphalt.com Up to now,
many State highway agencies and even some muniipah the U.S. have placed trial
WNMA sections.

The following list some warm mix additives and pFsses available in the U.S, (
http://www.warmmixasphalt.com/WmaTechnologies.aspx)

e Advera, a synthetic zeolite.



e Aspha-min, a zeolite additive that releases snmabiunt of water into the mix.

e Astec foamed-asphalt, small quantities of wateedtgd into the liquid asphalt
stream of an Astec Double-Barrel plant.

e Cecabase RT, a surface active agent.

e Evotherm, a chemical additive that includes ingeath to improve coating and
workability, adhesion promoters, and emulsificatiagents (the chemical is
delivered in an emulsion).

e Rediset, a warm mix additive that also functionam@anti-strip agent.

e REVIX, the additives (broadly encompassing surfaista polymers, acids,
processing aids, waxes, etc.) incorporated into alghalt binder that would
improve coating and spreading over aggregate ssfacreduced temperatures.

e Sasobit, a wax based additive.

e Aquablack WMA, a WMA system using Microbubble foamitechnology.

e EcoFoam-Il, a WMA system for continuous flow planising the static inline
vortex asphalt blender.

e Low-Energy Asphalt, a sequential mixing process.

e Shell Thiopave, a system that utilizes pelletizedlphur based product as an
asphalt binder extender, mixture modifier and a Widéhnology.

1.2 Objective and Pilot Test Program

The research study presented in this report waséhend pilot study initiated by the
Georgia Department of Transportation (GDOT) foreasfg the potential use of WMA
in Georgia highway pavements. This pilot studylided placing test sections using
three different WMA mixes (the Evotherm WMA (deveén by MeadWestvaco Co.),
the Rediset WMA (developed by AkzoNobel) and thedbase RT WMA (developed by
CECA)) and a 9.5 mm Superpave control mix. ThedhWMA test sections and the
control section were a part of the 9.5 mm Superpaieoverlay construction project on
State Route 42 in Monroe County.

The objective of this research study was to agbese three WMA mixtures through
(1) assessing the constructability of the WMA mix@3 evaluating the properties of the
WMA mixes through laboratory testing of the mixdsatt are produced during the
construction of the test sections, and (3) condgatiitial assessment of the performance
of the WMA pavements. The proposed work for thiglg consists of following 4 tasks:

Task 1: Pre-construction Preparation This task consists of preparing a detailed
plan covering all phases of the pilot study.

Task 2: Assessing WMA Constructability during Construction: Efforts will be
made in this task to obtain as completely as ptesghe construction related
information, subject to the availability of resoescand time permitted during the
construction. This would provide important informoat related to the
performance of the WMA test sections and the coseotion.



Task 3: Coordinate Post-Construction Evaluation This task consists of
coordinating the laboratory testing and evaluapooperties of the WMA mixes
and the control mix collected in the asphalt pldunting the construction and the
cores taken from the test sections.

Task 4: Prepare a Final Report This task consists of preparing a final report
documenting all the work performed in this pilaidy.

1.3 Organization of Report

This report is divided into 6 chapters. Chapteré&sents the work performed under Task
1, preparing a detailed plan covering all phaseb®fpilot study and collecting pertinent
properties of the aggregates and the mix desi@igpter 3 presents the work proposed
under Task 2 for assessing the constructabilitgluting the asphalt plant production
operations and the paving operations, of the tN¥@&A test sections and the control
section. The laboratory testing and evaluation g proposed under Task 3 are
summarized in Chapter 4. Chapter 5 summarizedinlkiéengs of the VOC emissions
during the production of WMA and the control mixtae asphalt plant and during the
paving operations. Conclusions and recommendatiomnpresented in Chapter 6.



Chapter 2 PREPARATION AND PRE-CONSTRUCTION
ACTIVITIES

This chapter presents the work performed under TasPre-construction Preparation.

2.1 Development of Pilot Test Plan

A detailed plan covering all phases of the pilatdst was prepared and submitted to
OMR on September 11, 2009. The plan included tiwies for evaluating WMA
technology in the following three phases.

e Pre-construction data collection and laboratoryeatson of material properties.

e Evaluating mix production, paving and compactiorerapions, and performing
quality control during the construction of the testtions.

e Post-construction evaluations of the performancéhefWMA test sections and
the control section.

The activities conducted and the results obtath@tng the pre-construction phase
are presented in this chapter, and those during cthvestruction phase and post-
construction phases are presented in later chapters

2.2 Description of Evotherm, Rediset and Cecabase RT WK Mixes

Evotherm WMA

The Evotherm WMA additive was co-developed in Eerdqgy MeadWestvaco Co. and
Eurovia in 2003. MeadWestvaco reports that figsting has demonstrated a 100° F
reduction in production temperatures. MeadWestvalso reports that the decreased
production temperatures of the Evotherm procesdezhto plant energy savings of 55
percent; a 45 percent reduction in £&hd SQ emissions, a 60% reduction in NOx, a
41% reduction in total organic material, and beezsoluble fractions below detectable
limits.

Three versions of Evotherm additives are availalile:Evotherm ET (Emulsion
Technology); 2) Evotherm DAT (Dispersed Asphalt Aralogy); and 3) Evotherm 3G
(third generation). Evotherm ET is a high Aspl@dintent (AC) content and water-based
asphalt emulsion (around 70% solids). It requiresplant modifications for using this
product and simply replaces the liquid asphaltim HMA design. Evotherm DAT is a
concentrated solution of additives in-line injecegdhe mix plant. Evotherm 3G was co-
developed by MeadWestvaco, Paragon Technical S=nand Mathy Technology &
Engineering. This water-free form of additive istable to be introduced at the mix
plant or asphalt terminal. The Evotherm 3G was usg@oducing the WMA mix in this
project. The Evotherm additive was introduced itite liquid asphalt at the asphalt
terminal and was delivered to the hot mix planaiready-to-use form. The quantity of
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Evotherm used in producing the WMA mix in this @cj was 0.6% by weight of total
asphalt mix.

Rediset WMA

The Rediset WMA additive was developed by AkzoNoRddiset uses surfactants and
organic additives in pellet form. The surfactamipiove the wetting ability of the asphalt
for better coating with the aggregates, and theamoyadditives provide a reduction of
the binder viscosity and a lubricating effect fasier coating and compaction. Rediset
can be blended directly into the asphalt or diyectto the mixing drum near where the
asphalt is introduced. The HMA plant does not havibe modified. Studies have shown
that Rediset WMA can lower the mix production tenapere by 54° F and reduce fuel
consumption by at least 20%. The dosage is arduta 2% of the binder. The mix
design does not need to be modified because Reckseimaintain the Performance
Grading (PG) of the binder. The quantity of Redissd in producing the WMA mix in
this project was 0.2% by weight of total mix.

Cecabase RT WMA

Cecabase RT WMA additive is a relative new prodissteloped in 2006 by CECA. Itis
a liquid chemical additive that can be directly eddnto the binder at a dosage rate from
0.2 to 0.5 weight percent (wt%) of bitumen. ltclaimed that Cecabase RT can lower
mix production temperature by 122° F. The dosate used in producing the WMA mix
in this project was 0.44% by weight of total aspinail.

2.3 WMA and HMA Material Sources and Properties

The three WMA test sections used the same aggiegatkasphalt binder that was used
for the 9.5 mm Superpave mix for this project. Boeirce and properties of aggregate
and asphalt binder, and the mix properties areepted below.

Aggregate

All the aggregates used for producing the mixesewieom Aggregates USA at the

Hitchcock Quarry (GDOT QPL Source Code 028C) attéllpsGeorgia. The general

character of the aggregates is Mylonite Gneiss/Abygiite, and is classified as Group Il

aggregate in accordance with GDOT Spec 800.2.0The properties of the aggregates
are summarized in Table 2-1.

Table 2-1 Property of Aggregates

Specific Gravity Percent LA Abrasion Mg-Sulfate
Bulk S.S.D. App. Absorption Loss, % Soundness Loss, %
2.693 2.709 2.736 0.059 17 1.1




Asphalt Binder

The asphalt binder used was a PG 67-22 from Nu&t&avannah Plant (GDOT QPL
Source Code 0002).

Reclaimed Asphalt Pavement (RAP)

The RAP used in all three mixes was from the Re&msstruction Co. Postell Plant
(GDOT QPL Source Code 004R)

2.4 Mix Design

9.5 mm Super pave Mix

The control section, which is a part of the normagrlay construction project on State
Route 42 in Monroe County, used a 9.5 mm Superpaxe The amount of different
sizes of aggregates and the RAP used for the ngkasvn in Table 2-2. The aggregate
gradation and optimum ACs used for the mix designslown in Table 2-3. The Job
Mix Formula (JMF) for this mix submitted by Reev€®nstruction Company to the
OMR is included in Table A-1 in Appendix A of thigport. Table 2-4 summarizes some
key mix design parameters that are also shown bieTA-2 in Appendix A. Note that
the AC (5.6%) in the JMF submitted by Reeves wa6%. higher than that of the
original approved mix design (5.14%).

Table 2-2 Aggregates Used for the Mixes

RAP 15%
#7 5%
#89 34%
M10 21%
W10 37%
Hydrated Lime 1.0%

Table 2-3 Aggregate Gradation and Asphalt Contents

Sieve Size, mm | JMF, % Passing

19.0 100
12.5 99
9.5 92
4.75 66
2.36 45

0.075 7

Optimum
AC. % 5.6




Table 2-4 Volumetric Mix Design Data

0, 0,
%AC | Gmm A)@c:;pmb A)@c:;pmb G i/;’oiA(;rS VMA | VFA F?:tisé
I\linitial Ndesiqn
500 | 2525| 887| 956 2413 44 161 72 1.05
550 | 2506| 905| 97.0] 2420 30 160 80 0.96
5.14 4.0

e Optimum Asphalt Cement (AC) Content = 5.14%
e Air Voids at Optimum AC = 4.0%

e Aggregate Effective Specific Gravity = 2.732

® Ninitiar =6

i Ndesign= 65

Mix Design for Evotherm, Rediset and Cecabase RT Mixes

The three WMA mixes in this pilot study used thenea.5 Superpave mix design. The
reason for using the same mix design was thatrtieuat of additives used in these three
WMA mixes was very small and should not affect thix characteristics. However,
other research studie8)(indicated that the air voids could be affectedamthe same
compaction efforts, even with adjusting the mixiagd compaction temperatures to
account for the improved workability when using theVIA additives. Chapter 3 and
Chapter 4 of this report will present the resultd aomparisons of the characteristics of
the three WMA mixes and the control mix.



Chapter 3 ASSESSING ASPHALT PLANT AND PAVING
OPERATIONS DURING CONSTRUCTION

3.1 Locations of Test Section Sites

The three WMA test sections and the control testiae were a part of the 9.5 mm
Superpave mix overlay construction project on Stataite 42 in Monroe County,
Georgia. The project consists of 12.091 miles iing, inlay, plant mix resurfacing and
shoulder reconstruction on State Route 42 beginMiogth of State Route 74 and
extending to State Route 18. The locations of dbestruction project and the test
sections are shown in Figure 3-1. The mileposyedor each test section can also be
found in Table 3-1. Reeves Construction Co. waspiioject contractor. The Evotherm
WMA test section was constructed on October 29,9200"he control section was
constructed on October 30, 2009. The Rediset Wk section was then placed on
November 3, 2009. On November 4, 2009, the CeeaBastest section was completed.
The pavement sections that were constructed ory mé@ys were not counted. The
weather during the construction of these test@estivas sunny, and the temperature was
about 56F in the early morning and increased to abodE70 the afternoon.
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Figure 3-1 Locations of test sections



Table 3-1 Construction Dates and Locations of Te®ections

Date Test Section Milepost From Milepost To Orientation
10/29/2009 Evotherm 11.5 10.2 Southbound (§
10/30/2009 Control 9.3 8.4 SB
11/3/2009 Rediset 2.5 (SB) 2.2 (NB) SB then NB
11/4/2009 Cecabase RT| 3.4 5.2 Northbound (N

B)

B)

3.2 Asphalt Plant and Mix Production

The asphalt plant was located at Postell, Geoapbaut 40 miles from the test section
sites, see Figure 3-2. It would take about 1 Houthe truck to deliver the mix from the
asphalt plant to the test section sites.
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Figure 3-2 Locations of asphalt plant and test seicin sites

The asphalt mixes were produced by an Astec comtiudrum plant with a
production rate of 220 tons per hour. As mentiomeection 2.3, all the aggregates
used for producing the mixes were from Rinker MatsrCo. at the Hitchcock Quarry at
Postell, Georgia. The moisture contents of theegae stockpile were determined, and
the results are presented in Table 3-2.



Table 3-2 Aggregate Stockpile Moisture Contents

Aggregate Type Moisture Contents, %
#7 0.1
#89 1.1
W10 5.7
M10 2.3
RAP 0.8

9.5 mm Super pave Mix

Table 3-3 summarizes the 9.5 mm Superpave mix geoduction related information
collected on October 30, 2009. The mix dischasgeperature was about 3F0 The
average fuel consumption for producing this mix wasavailable. There was no visible
moisture problem in the baghouse. Results of tfadity tests for the asphalt content and
aggregate gradation of the mix at the plant arensanzed in Table 3-4. A copy of the
data sheet recording the quality control test tedal the mix is included in Table A-3 in
Appendix A of this report. The deviations from tdMF of the AC and aggregate
gradation shown in Table 3-4 are within the acasg#dimits. Fifteen 5-gallon buckets
of the mix were collected from the plant and senOtMR and NCAT (5 buckets) for
testing the properties of the mix as describedhapger 4.

Table 3-3 9.5 mm Superpave Mix Plant Production Indrmation

Information Required Results / Remarks
9.5 mm Superpave Mix (Control) October 30, 2009
Tonnage produced 109816n
Use of silo and typical storage time 15 minutes
Mix discharge temperature 3ip
Report regular QC testing results See Table 3-4
Fuel consumption data Accurate data not availgble
Baghouse moisture problem, if any none
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Table 3-4 9.5 mm Superpave Mix QC Test Results atsfhalt Plant

Sieve Size, Percent passing
mm JMF | Average (1) | Deviation
19.0 100 100 0
12.5 99 98.2 0.8
9.5 92 91.9 0.1
4.75 66 67 1
2.36 45 46.2 1.2
0.075 7 6.9 0.1
Optimum AC, % 5.60 5.66 0.06

Note (1): Average of 2 samples, see @&bB in Appendix A

Evotherm WMA Mix

Production of the Evotherm WMA mix at the asphddinp was started at about 7 a.m. on
October 29, 2009. The plant operation for prodgicins mix was the same as that for
producing the 9.5 mm Superpave mix, except the ¢eatpres were lower. Table 3-5
summarizes the plant production related informatiotlected during the production of
this mix. The mix discharge temperature was ab60tR2 about 58F lower than that for
the 9.5 mm Superpave mix. The average fuel consammwas not available. There was
no visible moisture problem in the baghouse. Resaflthe quality tests for the asphalt
content and aggregate gradation of the mix at taet@re summarized in Table 3-6. A
copy of the data sheet recording the quality cdnést results for the mix is included in
Table A-4 in Appendix A of this report. The dewsis from the JMF of the asphalt
content and aggregate gradation shown in TableaBe6within the acceptance limits.
Fifteen 5-gal buckets of the mix were collectedrirthe plant and sent to the GDOT
OMR laboratory and NCAT (5 buckets) for testing greperties of the mix as described
in Chapter 4.

Table 3-5 Evotherm WMA Mix Plant Production Information

Information Required Results / Remarks
Evotherm Warm Mix Asphalt October 29, 2009
Tonnage produced 1715 ton

Method of introducing additive to the mix Mixed WwiLiquid Asphalt
Use of silo and typical storage time 15 minutes

Mix discharge temperature 280

Report regular QC testing results See Table 3-6

Fuel consumption data Accurate data not availalle
Baghouse moisture problem, if any none
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Table 3-6 Evotherm WMA Mix QC Test Results at Asph# Plant

Sieve Size m Percent passing
’ JMF | Average (1) | Deviation
19.0 100 100 0
12.5 99 97 2
9.5 92 90.8 1.2
4.75 66 62.6 3.4
2.36 45 41.9 3.1
0.075 7 6.2 0.8
Optimum AC, % 5.60 5.59 0.01

Note (1): Average of 3 samples, see Table A-4

Rediset WMA Mix

Production of the Rediset WMA mix at the plant &drat about 7 a.m. on November 3,
2009. The plant operation for producing this mvixs the same as that for producing the
9.5 mm Superpave mix, except that the temperatuees lower. Table 3-7 summarizes
the plant production related information collecteding the production of this mix. The
mix discharge temperature was about’E8@bout 3€F lower than that for the 9.5 mm
Superpave mix. The average fuel consumption wasavailable. There was no visible
moisture problem in the baghouse. Results of ttadity tests for the asphalt content and
aggregate gradation of the mix at the plant arensanzed in Table 3-8. A copy of the
data sheet recording the quality control test tedal the mix is included in Table A-5 in
the Appendix A. The deviations from the JMF of thgphalt content and aggregate
gradation shown in Table 3-8 are within the acasqadimits. Fifteen 5-gal buckets of
the mix were collected from the plant and sent MROand NCAT (5 buckets) for testing
the properties of the mix as described in Chapter 4

Table 3-7 Rediset WMA Mix Plant Production Information

Information Required Results / Remarks
Rediset Warm Mix Asphalt November 3, 2009
Tonnage produced 1592.05 ton
Method of introducing additive to the mi Mixed Wwikiquid Asphalt
Use of silo and typical storage time 15 minutes
Mix discharge temperature 280
Report regular QC testing results See Table 3-8
Fuel consumption data Accurate data not availgble
Baghouse moisture problem, if any none

12



Table 3-8 Rediset WMA Mix QC Test Results at AsphalPlant

Sieve Size. mm Percent passing
’ JMF | Average (1) | Deviation
19.0 100 100 0
12.5 99 98 1
9.5 92 91.7 0.3
4.75 66 64.7 1.3
2.36 45 44.8 0.2
0.075 7 7 0
Optimum AC, % 5.60 5.65 0.05

Note (1) Average of 3 samples, sedelAkb

Cecabase RT WMA Mix

Production of the Cecabase RT WMA mix at the platdrted at about 7 a.m. on
November 4, 2009. The plant operation for prodgchis mix was the same as that for
producing the 9.5 mm Superpave mix, except thatehmeratures were lower. Table 3-
9 summarizes the plant production related inforamatiollected during the production of
this mix. The mix discharge temperature was ab80tR2 about 38F lower than that for
the 9.5 mm Superpave mix. The average fuel consampas not available. There was
no visible moisture problem in the baghouse. Reflthe quality tests for the asphalt
content and aggregate gradation of the mix at lwet @re summarized in Table 3-10. A
copy of the data sheet recording the quality conést results for the mix is included in
Table A-6 in the Appendix A. The deviations frohetJMF of the asphalt content and
aggregate gradation shown in Table 3-10 are witténacceptance limits. Fifteen 5-gal
buckets of the mix were collected from the plard aant to OMR and NCAT (5 buckets)
for testing the properties of the mix as descrilbeGhapter 4.

Table 3-9 Cecabase RT WMA Mix Plant Production Infamation

Information Required Results / Remarks
Cecabase RT Warm Mix Asphalt November 4, 2009
Tonnage produced 1696.32 ton
Method of introducing additive to the mjx Mixed with Liquid Asphalt
Use of silo and typical storage time 15 minutes
Mix discharge temperature 280
Report regular QC testing results See Table 3-10
Fuel consumption data Accurate data not availgble
Baghouse moisture problem, if any none
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Table 3-10 Cecabase RT WMA Mix QC Test Results atgphalt Plant

Sieve Size. mm Percent passing
’ JMF | Average (1) | Deviation
19.0 100 100 0
12.5 99 98.3 0.7
9.5 92 90 2
4.75 66 63.7 2.3
2.36 45 43.9 1.1
0.075 7 6.8 0.2
Optimum AC, % 5.60 5.57 0.03

Note (1) Average of 3 samples, see TAbfe

3.3 Paving Operations of Test Sections

Paving for the test sections started on Octobe2@09. The Evotherm WMA was first
paved in the Morning of October 29 and continuedtite afternoon. The 9.5 mm
Superpave control section was paved on October Blue to raining, the paving
operation was suspended until November 3. The Bedi8VMA section was paved on
November 3 and the Cecabase RT WMA section on Nbeeh. Locations of the test
sections are shown in Figure 3-1 and Table 3-1e Wather and the temperatures during
the paving of each test section are listed in T3kl4.

Table 3-11 Weather Condition during Construction

Temperature (°F)

Date ; Weather
Lowest Highest Mean
10/29/2009 57 81 67 Sunny
10/30/2009 58 80 65 Cloudy - Raining
11/3/2009 42 76 56 Sunny
11/4/2009 42 76 57 Sunny

Paving operations on all WMA test sections anddbetrol section were about the
same, except that the temperatures of the mixémadtout and behind the screed were
different.

Table 3-12 summarizes the common paving operatfrmation collected during
the construction. Tandem end-dump trucks were tmeldauling the asphalt mixes. The
hauling distance from the asphalt plant to the pgugites was about 40 miles and the
hauling time was somewhere between 1 hour to 1 &odr30 minutes. The mixes in the
trucks were properly covered with tarpaulins durithg hauling and waiting to be
discharged into the paver. The PG 67-22 pavindegesphalt was used for the tack coat
and the tack rate was between 0.04 and 0.06 daliuith the lesson learned in the first
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pilot study, contractor used a Material Transfehi¢ke (MTV) for paving the Evotherm

and Rediset test sections but not the Cecabase RA Wst section because the MTV
was unexpectedly out of order on November 4. Toémpacted mat thickness for all
sections was 1 % inch.

Table 3-12 Summary of Laydown /Compaction Informaton for All Sections

Information Required Results / Remarks
Project location SR 42 Monroe Co.
Contractor Reeves Construction Company
Truck type Tandem end-dump trucks
Haul distance/Haul time 40 miles, 1 hrto 1 hm3@

#1 Asphalt Release,
Comp Technologies
Material sticking in truck beds? No

Yes, SB-2500 Road Tec (for
Evotherm and Rediset WMA mixes)

Release agent used (if any)

Use of transfer vehicles

Paver type and model Blaw-Knox PF-3200
Use vibratory screed / heated screed? Yes/ Yes
Compacted mat thickness 1 Y inch

Roller Train 2 vibratory rroolllleerrs, 1 pneumatic

Ingersoll Rand DD-130
4 passes of vibration rolling
Ingersoll Rand PT-125
Continuous rolling

Time when opened to traffic About 2 hours after pagtion

-Vibratory roller / pattern

-Pneumatic roller

Paving operations and information related to theligu of paving for each test
sections are presented below.

Paving Evotherm Test Section

Paving of Evotherm test section started on thehdmuind lane at about 10:00 am on
October 29, 2009. The starting milepost was MP.13At the beginning, the mix
production temperature in the plant was the samthasfor the conventional HMA,
about 31PF. After 22 truck loads, the mix production tenaiare was lowered to 280
°F. The temperature was further lowered to 2B0after the 57 truck load. The
corresponding milepost range for the WMA at 260vas between MP 11.5 and 10.2.
When the mix was produced at the high temperatheeplacement and compaction of
the WMA mix were similar to that of the conventibi#MA. Hence, the focus was on
observing the characteristics and quality of padnd compaction operations of the mix
produced at this lower temperature (2B)
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During the paving operation, temperatures of the& ati load out and behind the
screed were frequently monitored. For the mix poedl at 266F, temperatures of the
mix at the load out were between 2BCand 258 and those behind the screed were
between 23% and 256F. These were about #0to 50F lower than that for the paving
of the conventional 9.5 mm Superpave mix. The gawperation was quite smooth.
Occasional blemishes were occurring as shown iar€ig-3 to Figure 3-6, and requiring
hand work to correct them by taking mix out of §meeader box and shoveling it onto the
blemished areas to repair the mat. However, thatsdbn was not as bad when compared
with the blemish problem that occurred during tla@ipg of the same WMA mix in the
first pilot study in 2008. Several engineers fr@DOT at the paving site considered the
paving quality acceptable.

In addition to taking the temperature readings aious locations using a digital
thermometer, infrared images were also taken atrtivi& load out and behind the screed.
Figure 3-7 shows the temperature distribution @f mhix at the truck load crust. This
infrared image indicated the highest temperatuteetrust was about 187, and about
157°F near the edges. Figure 3-8 is the infrared inwfghe uncompacted mat behind
the screed. The highest temperature was aboufR23@th about 13F temperature
difference between the high and the low acrossrae

Compaction of the mat was followed immediately behithe paver. A 15-ton
Ingersoll Rand DD-130 vibratory roller was used foe breakdown rolling, which
consisted of 4 passes of vibratory compaction. nTda@neumatic tire roller was used for
the intermediate rolling, and the rolling was coeted with a steel wheel roller.

Density of the compacted mat was determined usingcéear density gage. A total
of 5 gage readings were taken, and the air void¢hiese 5 readings were from 5.9 % to
7.7% with the averaged air voids of 7.1 % (see @a09). Pavement smoothness was
measured using the laser road profiler at everynilé. The average value was 732
mm/km (the smoothness test result can also be four&ppendix A-7). Table 3-13
summarizes the pertinent data related to the aaeigin of the Evotherm test section.

Figure 3-3 Blemishes from throw back (Evotherm mix)
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Figure 3-3 Blemishes from throw back (Evotherm mix)

Figure 3-4 Blemishes from throw back (Evotherm mix)

Figure 3-5 Blemishes from throw back (Evotherm mix)
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Figu 3-6 Blemishes from throw back (Eotherm mix)

2

Figﬁré 38|R irhae of Evotherm mix behind screed
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Table 3-13 Summary of Evotherm WMA Mix Test SectionPaving Information

Information Required

Results / Remarks

Quiality of compacted pavement surfag

-In-place density by nuclear gage

Avg. air voids%

-Any surface defects

Occasional blemishes due to ca
clumps dragging

Time when opened to traffic

2 hr. after paving

Pavement smoothness

732 mm/km

Paving date and time 10/29/2009, 10 am to 3:00 gm
Temperature range at load out 240 to°E55
Mix temperature behind screed 230 to Z50
Test section length paved 1.3 miles
Compacted mat thickness 1 Y inch

Paving Rediset Test Section

Paving of the Rediset test section started on tluithbound lane at about 9:00 am on
November 3. The starting milepost was MP 4.6. Jtaeting production temperature was
the same as that of the conventional HMA. Them, tdmperature at the plant was
lowered to 280F and the corresponding pavement section was fouthound lane MP
2.5 to the south end, then back to MP 2.2 on nothd lane. However, the quality of
the asphalt mat paved with this low temperature pasr. Therefore, the contractor
decided not to further lower the mix production parature. The following observations
were based on the Rediset WMA produced at’280

During the paving process, temperatures of theahivwad out and behind the screed
were frequently monitored. Temperatures of the atithe load out were between 265
and 276F and behind the screed between°E4and 25%. These were about Z0to
30°F lower than that for the paving of the conventlod® mm Superpave mix. The
paving quality was in general unsatisfactory. Feg8-9 shows the effect of pulling on
the mat by the right extension screed, and Figet® 8hows the effects of the gear box
stripping. Blemishes happened more frequentlyhos test section as shown in Figure
3-11 to Figure 3-13. These construction defect® Is&verely affected the paving quality
and required extensive corrective actions. At al300 pm, the contractor decided to
raise the production temperature to 3EGfter the 58 truck load of the mix was paved.

In addition to taking the temperature readings aious locations using a digital
thermometer, infrared images were also taken atrtiv& load out and behind the screed.
Figure 3-14 shows the mat temperature distribudibtine truck load crust. This infrared
image indicated that the highest temperature atctiist was about 28%F and the
temperature at the edges about #80 The temperature distribution of the uncompacted
mat behind the screed is shown in Figure 3-15.Rigkeest temperature was about 256
and there was about 2P temperature difference on the mat.
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Compaction of the mat was immediately followed belthe paver. The same rollers
and patterns were used as that for compacting WioghEBrm test section. The density of
the compacted mat was determined using a nuclessitgdegage. A total of 5 gage
readings were taken, and the air voids ranged #0ff6 to 6.6% with the averaged air
voids of 5.8 % (see Table A-10). Pavement smoathmeas measured using the laser
road profiler at every 0.1 mile. The average val@s 845 mm/km (the smoothness test
result can also be found in Appendix A-7). Tablé43summarizes the pertinent data
related to the construction of the Rediset tesi@ec

Table 3-14 Summary of Rediset WMA Mix Test SectioPaving Information

Information Required Results / Remarks
, . November 3, 2009, 9 am to 3:00
Paving date and time om
Temperature range at load out 265 t0°E70
Mix temperature behind screed 240 to F5
Test section length paved 0.3 miles
Compacted mat thickness 1 Y4inch
Quality of compacted pavement surface
- In-place density by nuclear gage Avg. air vascd%
Frequent blemishes due to colf
- Any surface defects clumps dragging, pulling and
gearbox stripping
Time when opened to traffic 2 hr. after paving
Pavement smoothness 845 mm/km

Figure 3-9 Pulling on Rediset WMA test section
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Figure 3-10 Gearbox striping on Rediset WMA testection

Figure 3-11 Blemish on Rediset WMA test section

k;_"‘i_ e
MA test section

Figure 3-12 Blemish on Rediset
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Figure 3-13 Blemish on Rediset WMA test section

Figure 3-15 IR image of Rediset WMA behind screed

=i
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Paving Cecabase RT Test Section

Paving of the Cecabase RT test section startetiendrthbound lane at about 9:00 am
on November 4. The starting milepost was MP ZAhough a total of 1,696 ton of the
mix was produced, only 4 truck loads (from™® 36" truck load) had the production
temperature of 260F while the major portion of the mix was producedhigher
temperatures. The following observation was basedth® paving operation in the
segment where the production temperature was &t260

One change of the paving process was that the M&¥ mot used because it was
unexpectedly out of order. Temperatures of the anithe load out were between 285
and 260F and that behind the screed betweer’R2hd 248F. These were about Z0
to 5CF lower than that for the paving of the conventlobh® mm Superpave mix. A
large amount of cold mix clumps were present initbpper and the paving crew had to
stop the paver and remove those clumps from thpdrags shown in Figure 3-17. These
had caused severe blemish and pulling problem$i®@miat behind the screed as shown
in Figure 3-18 to Figure 3-20.

During the paving process, infrared images werenak the truck load surface and at
the mat behind the screed. Figure 3-21 showsetin@erature distribution of truck load
when mix was being unloaded. It shows a large rarmath small clumps of mix with
temperature at about 280. The highest temperature was about #68The temperature
distribution of the asphalt mat behind the screedhiown in Figure 3-22. The highest
temperature was about 2%0with about 30F temperature difference across the mat.

Compaction of the mat was immediately followed belthe paver. The same rollers
and patterns were used as the Evotherm test sediendensity of the compacted mat
was determined using a nuclear density gage. & tdt5 gage readings were taken, and
the air voids ranged from 5.0% to 6.1% with theraged air voids of 5.8 % (see Table
A-11). Pavement smoothness was measured usingbe road profiler at every 0.1
mile. The average value was 821 mm/km (the smasthtest result can also be found in
Appendix A-7). Table 3-15 summarizes the pertirgata related to the construction of
the Cecabase RT test section.

Figure 3-16 Cold mix clumps of Cecabase RT WMA in bpper
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Figure 3-18 Blemish on Cecabase RT test section

Figure 3-19 Blemish on Cecabase RT test section
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Figure 3-20 Pulling on Cecabase RT test section
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Table 3-15 Summary of Cecabase RT WMA Mix Test Seicin Paving Information

Information Required Results / Remarks
Paving date and time November 4, 2009, 9 am to J pm
Temperature range at load out 245 to 60
Mix temperature behind screed 230 to 2B5
Test section length paved 1.8 miles
Compacted mat thickness 1 Y inch
Quiality of compacted pavement surface
- In-place density by nuclear gage Avg. air vaadd%

A Frequent blemishes due to colf
- Any surface defects : :
clumps dragging and pulling

Time when opened to traffic 2 hr. after paving
Pavement smoothness 821 mm/km

Paving 9.5 mm Superpave Mix Control Section

Paving of the 9.5 mm Superpave mix control sectwss on October 30, 2009.

Regrettably the researchers were not there dun@ganstruction of this control section.
Since it was still raining in the morning of theydand the contractor was uncertain if the
weather would allow for the paving operation, teeearchers left the construction site.
By the time the researchers were informed thatthestruction was resumed it was too
late for them to rush back to the site. Therefahe information pertaining to the

construction operations for this test section wawipled by Mark Bruce in OMR.

Temperatures of the mix at the load out were aBOO£F and that behind the screed
about 295F. Figure 3-23 and Figure 3-24 show the IR imadgeth® mix at the truck
load out and the asphalt mat behind the screed.p@kimg progressed quite smoothly,
and no noticeable defects were observéde mat was quite uniform and smooth and no
blemish was observed during the entire paving efctbntrol section, see Figure 3-25.

Compaction of this section was identical to thathef WMA test sections. Density of
the compacted mat was determined using a nuclasitgegage. A total of 5 gage
readings were taken, and the air voids ranged B@3%6 to 6.1% with the averaged air
voids of 5.7 % (see Table A-8). Pavement smoothnas measured using the laser road
profiler at every 0.1 mile. The average smoothnmess 623 mm/km (the smoothness test
result can also be found in Appendix A-7). Tablé63summarizes the pertinent data
related to the construction of the control testisac
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Figure 3-25 Paving of 9.5 mmuperpave mix
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Table 3-16 Summary of 9.5 Superpave Mix Control Séion Paving Information

Information Required Results / Remarks
Paving date and time October 30, 2009
Temperature range at load out 360
Mix temperature behind screed 295
Test section length paved 0.7 miles
Compacted mat thickness 1 Y% inch

Quality of compacted pavement surface

Gauge avg. 5.7% air voids

- In-place density Core avg. 5.08% air voids

- Any surface defects Few blemishes from throwkbac
Time when opened to traffic 2 hr. after paving
Pavement smoothness 623 mm/km

3.4 Discussions and Conclusions

Paving of the 9.5 mm Superpave mix control sectui@s successful and no problems
were encountered during the paving operation. TBeaipre of the mix at the load out
was about 300F and that behind the screed was about’295

For the Evotherm mix produced at 289 the temperature of the mix at load out was
about 2408F- 255F and that behind the screed was aboufR3®@5CF. An MTV was
used, which had helped to improve the paving omeratEven with that, some blemishes
still occurred on the asphalt mat behind the scregdiring some hand work to correct
them. However, the situation was not as bad condpar¢he blemish problem presented
in the first pilot study. Several engineers fro@@I at the paving site considered the
paving quality acceptable.

The production temperature for Rediset WMA mix weasy lowered to 286F. The
paving quality at this temperature was unacceptaht the contractor decided not to
further lower the production temperature. Tempeebf the mix at the load out was
between 26% and 276F and that behind the screed was betweer’R240d 2585F.
With the mix produced at 28, the paving quality was generally unsatisfacteven
with the use of an MTV in the paving train. Blemashoccurred on the asphalt mat
behind the screed more frequently than the Evoth&iA mix described above.

The production temperature of Cecabase RT mix vé@Rand no MTV was used
during the paving. Temperature of the mix at tallout was between 245and 266F
and behind the screed between was’238nhd 248F. A large number of cold mix
clumps were present in the hopper requiring thengaerew to remove the clumps.
Without having the MTV to remix and break up anthpang the cold mix clumps had
no doubt worsen the problem. Severe blemishes altidgpwere observed on the asphalt
mat behind the screed. Because of the seriousii¢lse problems, only 4 truckloads of
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the mix produced at 26% were paved in this test section. If the MTV wased in this
paving operation, the quality of the paving coulvé been improved, although it is
doubtful if all the problems observed could haverbeompletely eliminated.

Table 3-17 summarizes the quality of the test emstiin terms of the air voids
measured by the nuclear gage and the smoothnessumeéay the laser road profiler.
The 9.5 mm Superpave control section has the lolmestnational Roughness Index (IRI)
reading and the least variations of air voids aeteed using the nuclear density gage.
Among the three WMA test sections, the Cecabasad®lion seems to have the lowest
variations in the air voids. But one must recogrizat only a small portion of this test
section (4 truckloads of the mix) had the productiemperature of 260F. The
production temperatures for the mix used in theaiemg portion of this test section
were higher. On the other hand, no MTV was usddimtest section.

Compared with the first pilot study conducted i020blemishes occurred much less
frequently for the Evotherm WMA mix test sectiorOther than the different WMA
additive used in this pilot study, use of an MT e paving operation had improved the
paving quality. Use of an MTV in the paving traioutd help break up the cold mix
clumps during the load out and thus reduce, if cotpletely eliminate, the cold mix
clumps in the hopper and the auger chamber, amdrathice the blemishes developed
behind the screed. However, compared with thexthbSuperpave test section, blemish
and pulling still occurred. This would indicateatithe WMA additives used in this pilot
project were still inadequate toward producingititended effects. This could be due to
either of the following two reasons:

(1) The applied dosage rates could be insufficientterthree WMA additives used
in this pilot project. Without sufficient dosagé WMA additives, the viscosity
of asphalt binder cannot be reduced sufficientljhatprescribed temperatures at
the load out and in the auger chamber to allowsfapoth paving operation to
proceed. The dosage rates used in this pilot girejere 0.6%, 0.2%, and 0.44%
by weight of the total mix respectively for EvotherRediset and Cecabase RT.
The adequate dosage rates recommended by theveadsdiippliers should be
validated in laboratory prior to the field implentaton.

(2) The methods for introducing the Rediset and Ceeel8E additives into the
mixing operation could be ineffective. One GDOTi@eer mentioned that there
were some problems with mixing Rediset uniformlytiie drum, which delayed
the production for 8 hours.

29



Table 3-17 Compare Paving Quality of WMA Mixes withControl mix

9.5 mm | Evotherm Rediset Cecabase RT
Superpave| WMA WMA WMA (1)

ﬁ?%%eoﬂ‘ﬁage i 0.6% 0.2% 0.44%
Mix Temperatures

- Production 31% 260°F 280°F 260°F (1)

- At load out 30¢F 240-255F | 265-270F 245-260F

- Behind screed 29B 230-250F | 240-255F 230-245F
Use of MTV No Yes Yes No
.COld mix clumps No Some Many Many
in Hopper
Blemishes behind No Some Severe Severe
screed
% Air Void, by
nuclear gage

- Average 5.7 7.1 5.8 5.8

- Range 0.8 1.8 1.9 1.1
Smoothness 623 732 845 821

(mm/km)

(1) Only 4 truckloads of Cecabase RT WMA mix was praatliat 266F.

The remaining large portion of the mix was produattigher temperatures.
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Chapter 4 POST-CONSTRUCTION EVALUATION

Certain pertinent properties of the WMA mixes ahd tontrol mix were evaluated by
performing a series of laboratory tests with thegias prepared in the laboratory using
the mixes collected from the asphalt plant during tonstruction and from the cores
taken from the test sections. Table 4-1 summatizesaboratory tests performed in this
study.

Table 4-1 Laboratory Test Programs

Iltem | Test/ Information Required

Obtain and determine basic mix properties
Moisture susceptibility tests (GDT-66)
Prepare 6-150 mm dia. samples for APA tests
Perform APA tests (GDT-115)

Prepare 4-150 mm dia. samples for Hamburg tgsts
Conduct Hamburg tests by NCAT

Conduct fatigue testing by NCAT

Cut 10-150 mm dia. cores from test section
Conduct bond strength tests

Test recovered binder to assess aging effect

O 0N O W(N|F-

=
o

4.1 Basic Asphalt Mix Properties

These tests were to determine the basic asphalproperties including the Maximum
Specific Gravity (Gm), AC, VTM (Voids in Total Mix), VMA (Voids in Mineal
Aggregate), VFA (Voids Filled with Asphalt) and aggate gradation. The tests were
conducted at the GDOT OMR laboratory using the alsphixes collected in the asphalt
plant during the construction. The detailed testtts are presented in Appendix B.

Test results of basic volumetric mix properties

Table 4-2 summarizes the basic volumetric mix prigge determined from the
laboratory test. The detailed test results aregmtesl in Table B-1 to Table B-4 in
Appendix B. According to Table A-2 for the 9.5 nBaperpave mix design, theyd\gn
was 65. Therefore, 65 number of gyration, whickasresponding to the daign for the
approved Superpave mix, was used for preparingsdingples reported in Table B-1 to
Table B-4.

According to Table A-2 for the 9.5 mm Superpave dhesign, the VTM should be at
4.0%; and according to GDOT Standard Specificati®astion 828.2.02, VMA should be
>15 and VFA between 65 and 80 for a 9.5 mm Superpaixe The results shown in
Table 4-2 indicate that the VTM values for all faurxes (between 2.3% and 1.4%) are
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much lower than the 4%. These low VTM values hawetributed to the lower VMA
(between 13.0 and 14.7) and higher VFA (betweerl &hd 89.2) than those are
permitted by the GDOT Specifications referencedvaboBased on the Superpave mix
design criteria, VTM should be no less than 2.0%nvthe samples were compacted to
the Nnax The results shown in Table 4-2 indicated that ¥WTM for all three WMA
mixes compacted at{dignof 65 have the VTM values less than 2.0 %, whiets wuch
less than the 4.0% design air voids. It would ¢atk that these mixes could be
susceptible to rutting under the design trafficdloaEven for the control mix with the

VTM at 2.3% for the samples compacted at the saomitons could indicate the
control mix is also marginal for rutting resistance

Table 4-2 Basic Volumetric Mix Properties

Mix Type | %AC | Gum | Gm | Gse |VIM, % | VMA% | VFA%
Control | 546 | 2493 243§ 2.718 2.3 14.9 84.]
Evotherm | 581 | 247 2440 2714 16 14.7 8ol
Rediset | 5.88| 2499 2455 2731 14 13.0 8op
Ceg}base 583 | 2.477| 2430 2713 1.9 13.4 85.9
Aggregate gradation

Table 4-3 summarizes the tested aggregate graddbomll test mixes. According to the

GDOT standard (Section 828), the aggregation gi@uatfor all test mixes meet the
acceptance requirements.

Table 4-3 Aggregation Gradation

Sieve Size, Control, | Evotherm, | Rediset, Cecabase | JMF, %
mm % Passing| %Passing | %Passing | RT, %Passing| Passing
19.0 100.0 100.0 100.0 100 100
12.5 98.6 98.2 99.1 98.4 99
9.5 92.0 91.5 91.4 94.3 92
4.75 66.6 61.6 64.4 69.0 66
2.36 45.9 42.1 44.1 46.5 45
1.18 32.7 30.3 31.5 32.8 31

0.600 24.3 22.8 23.7 24.3 22
0.300 18.0 17.0 17.9 18.1 16
0.150 12.8 12.1 12.8 12.8 10
0.075 7.7 7.6 7.8 8.0 7.0
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4.2 Moisture Susceptibility Tests

This test is intended to address the concern arpial moisture issues due to the lower
temperature of WMA mix that may not completely dmyt the aggregates. The tests
were performed on the laboratory-compacted speanatrthe OMR laboratory. The
mixes were collected in the asphalt plant during ¢bnstruction. The specimens were
prepared with the air voids within the 2100 % ranges. The test procedure followed the
GDOT standard (GDT 66). For each type of mix, 6cémens were tested, which were
divided into two groups, control group and condigd group. The results of the
diametral tensile strengths and the Tensile Strefitios (TSR) are summarized in
Table 4-4. The detailed test results are presentédble B-5 to Table B-8

Table 4-4 Moisture Susceptibility Test

. Tensile Strength, psi .
Mix Type Control C%ndiFt)ioned TSR, % Stripping
Control 110.6 120.5 108.9 Slight
Evotherm 85.3 99.2 116.3 Slight
Rediset 76.9 89.7 116.5 Slight
Cecabase RT 80.9 87.8 108.5 Moderatg

The results shown in Table 4-4 indicate that thetrod mix has the highest tensile
strength for both the control specimens and thalitomed specimens than that of the
WMA mixes. The TSR values for the control mix athét for the WMA mixes are
comparable and are all over 100%. The CecabaseniRTshows moderate stripping
with considerable stripping on coarse particles anudlerate stripping on fine particles.
The other mixes show only slight stripping. Acdaglto the GDOT standard (Section
828), all these mixes meet the acceptance requmsméath a minimum tensile strength
of 60 psi and a minimum TSR of 80%.

4.3 APA Test

This test is to evaluate the rutting susceptibibfyasphalt concrete mixtures using the
Asphalt Pavement Analyzer (APA). The tests werefopmed on the laboratory-
compacted specimens prepared at the OMR laborafbing. mixes were collected in the
asphalt plant during the construction. The speosnsere prepared with the air voids
within the 5.61.0 % ranges. The test procedure followed the GB@ndard (GDT
115). Table 4-5 summarizes the testing resultse detailed test results are presented in
Table B-9 to Table B-12 in Appendix B.

The rutting results for all types of mixes meet BBOT acceptance requirements
(Section 828). Evotherm WMA mix has the highestdepth value among the 4 mixes
tested. The rut depths for other two types of WMies are almost same as that of the
control mix.
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Table 4-5 Rutting Susceptibility Test

Mix Type Rutting, mm
Control 5.78
Evotherm 6.55
Rediset 5.79
Cecabase RT 5.93

4.4 Bond Strength Test

This test is intended to assess the adhesive tréetiveen the newly paved resurfacing
mixes and the existing pavement surface. Six B-oiameter cores were cut from each
test sections two months after the constructiohe hond strength tests were performed
in the OMR laboratory using the Marshall Testeetitwith a shear head. The tests were
performed at the loading speed of 2 in./min and7aF temperature. Some core samples
contained a thin layer of surface treatment mdt&eawveen the existing pavement and
the resurfacing layer. Presence of the surfacnrent layer at the interface could have
affected the bond strength. Actually, some coak&srt from the Rediset test section were
disintegrated due to the poor bonding at the iatef and 5 new cores had to be re-cut
from the Rediset test section for the bond strengsting. Table 4-6 summarizes the
bond strength testing results for the four mix@éfe results indicate that the control mix
had higher bond strength than that of the WMA mix@$e bond strengths among the
three WMA mixes are about the same. According ®NICAT study 9), average bond
strength of 100 psi is the typical bond strengttween HMA pavement layers against
slippage failure.

Table 4-6 Bond Strength Test Results

Mix Type Shear Strength, psi
#5 #6 #7 #8 #9 #10, Average Std. Dev
Control 170.6| 333.5| 148.7| 123.8| 145.7| 329.3 208.6 87.89
Evotherm 156.0 122.5| 127.2| 112.6| 135.0| 140.0 132.2 13.76
Rediset 125.9 126.7| 120.2| 111.3| 101.4| 107.7 115.5 9.42
Cecabase RT 156,3107.5| 114.8| 116.0| 125.2| 143.4 127.2 17.23

4.5 Assessment of Short Term Aging Effect of Asphalt Biders

This test is intended to assess the short terngagfact of the asphalt binders used in the
control mix and in the WMA mixes during the prodoatof the mixes at the plant. The
Abson recovery test was conducted for recoverirgasphalt binders from the mixes
collected at the asphalt plant. The Dynamic SResmometer test was then performed on
the recovered binders. The tests were performatdeaOMR laboratory using Bohlin
Dynamic Shearing Rheometer. Two samples wereddst each type of asphalt binder.
Table 4-7 summarizes the testing results. Thalddttest results are presented in Table
B-13 to Table B-20 in Appendix B. The results @mms of G* and G*/si& show that
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there is no significant difference between the altgsinder of the control mix and that of
the three WMA mixes after the short term aging mlgithe production of the mixes at the
asphalt plant. This indicates that incorporatimg WMA additives in the asphalt binder
and the mixing of the WMA mixes at lower temperatualid not cause “reduced aging
effect” of the binder properties. This would imghat the WMA mixes probably would
have no effects in terms of improving rutting rémige, nor reducing low temperature
cracking and block cracking compared with the cantrix.

Table 4-7 Dynamic Shearing Rheometer Test

Mix Type G*, Pascal G*/sind, Pascal
Sample 1 Sample 2 Sample 1 Sample 2
Control 5599 5333 5637 5371
Evotherm 5348 5337 5389 5378
Rediset 5271 5273 5353 5353
Cecabase RT 5620 5722 5736 5841

Test parameters:
e Strain controlled at the amplitude = 10.00 percent
Plate diameter = 25.0 mm;
Plate gap = 1.000 mm
Test temperature = 6C
Equilibrium time = 10 minutes

4.6 Fatigue Test

This test was performed by NCAT. Three beam sasnfule each type of mixes were
fabricated using the asphalt mixes collected inafghalt plant during the construction.
The testing procedures follow the AASHTO standafiASHTO T321-07). The
following are some key parameters for this test:

Air voids of the compacted beam samples: 6.0 = 0.5%
Test temperature: AT + 0.5°C

Controlled strain amplitude: 800 ps

Number of samples to be tested: 3

The cycles to failure were computed according tthkibe AASHTO T321-07 and
ASTM D 7460-08. Table 4-8 and Figure 4-1 summaitieetesting results. The rankings
of cycles to failure from high to low among thesmikes are: Cecabase RT mix, Rediset
mix, Control mix and Evotherm mix. An ANOVA was njermed on the cycles to
failure among the 4 mixes. The significance lesfethe ANOVA was 0.05. The result
showed that the p-value, about 0.03, is less tharsignificance threshold of 0.05, but is
not exceptionally low (less than 0.01). Thus, we say that the cycles to failure among
the four mixes show a statistical difference atalaerate significant level.
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Table 4-8 Fatigue Test

. Sample| Air Voids Cyc_les to qules to Initial Termination
Mix Type D % ' Failure Failure Stiffness |  Stiffness
(AASHTO) | (ASTM) MPa MPa
1 6.5 8740 11160 6023 1506
Control 4 6.4 9850 18860 6754 1689
5 6.3 10150 14300 6239 1560
Average 6.4 9580 14773 6339 1585
Std. Dev. 0.10 742.8 3871.8 375.6 93.9
3 7.8 7700 16300 5531 1383
Evotherm 4 7.6 7120 11300 5076 1269
5 6.3 7370 12810 5392 1348
Average 7.2 7397 13470 5333 1333.3
Std. Dev. 0.81 290.9 2564.5 233.2 58.3
3 7.5 17020 22670 4521 1130
Rediset 6 7.2 12490 31620 4491 1123
7 7.1 12020 13180 4653 1163
Average 7.3 13843 22490 4555 1139
Std. Dev. 0.21 2761.1 9221.3 86.2 21.5
Cecabas 1 6.3 27400 45820 3352 838
RT 3 6.8 17110 26160 3782 946
4 7.1 12650 17460 4280 1070
Average 6.7 19053 29813 3805 951
Std. Dev. 0.40 7564.6 14528.7 464.4 116.1
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Figure 4-1 Fatigue test results
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4.7 Hamburg Wheel-Tracking Test

This test was performed to assess the moisturegtilsitity and rutting susceptibility of
the mixes. Four 6-inch-diameter cores taken frachdest section were tested. The
tests were performed by NCAT. The testing procesitollowed the AASHTO standard
(AASHTO T324-04).

The test results are presented in Table 4-9 andré&ig-2. On average, Evotherm
WMA mix has the lowest rutting and the highestpginng inflection point, and Cecabase
RT WMA mix has the highest rutting and the strigpinflection point was close to what
Rediset has, which is the lowest one. This inégdhat Cecabase RT WMA mix could
be more susceptible moisture to than the other snixXghis also confirms the moisture
susceptibility test results presented in Sectiéh 4n this test the Evotherm WMA has
much lower total rutting at 10,000 cycles thanabi®er mixes, while the APA test results

have shown the opposite.

Table 4-9 Hamburg Test

Sample | Average . : Strippin
SaIrSpIe Mix Type Air Vori)ds Air Voigs Ritlgtli?]?hr TétiloRouégn?n Inflggiog
(%) (%) ’ T Point, cycles
CC1 Cecabase RT| 5.2
cCa Cocabase RT cc 5.4 0.099 0.394 4400
ce2 Cecabase R1 08 7.5 0.168 0.666 4600
CC3 Cecabase RT| 8.1
Cecabase Average 0.134 0.530 4500
CS2 Control 6.3
csa Control 49 5.6 0.122 0.484 5560
el Control 4.7 4.4 0.077 0.307 4650
CS3 Control 4.1
Control Average 0.100 0.396 5105
EV1 Evotherm 7.7
= Evotherm =3 7.8 0.067 0.267 5450
EV2 Evotherm 75 7.8 0.032 0.128 6750
EV4 Evotherm 8.1
Evotherm | Average 0.050 0.198 6100
RS1 Rediset 4.5
RS3 Rediset 56 6.6 0.089 0.352 4000
RS2 Rediset 6.1 6.0 0.086 0.342 4775
RS4 Rediset 5.9
Rediset Average 0.088 0.347 4388

37




8000

—— Avg 5IF Valus

= Avg Rutting @ 10,000 cycles

- 7000

- 6000

- 5000

4000

[ 3000

Average Rut Depth @ 10,000 Cyclas (in)
@
3

[ 2000

1000

Ceca

Control

Evotherm

Redi-Set

Figure 4-2 Hamburg test results

4.8 Discussions and Conclusions

Table 4-10 summarizes the post-construction laboydest results.

Table 4-10 Summaries of Post-Construction Laborator Test Results

Sample| 9.5mm | Evotherm | Rediset | Cecabase
Source | Superpave| WMA WMA RT WMA
Volumetric Properties
-% AC Plant 5.46 5.81 5.88 5.83
-VTM, % 2.3 1.6 1.4 1.9
-VMA, % 14.5 14.7 13.0 13.4
Recovery of Binder Plant
-Viscosity, poises 5646 5343 5272 5671
Moisture Susceptibility
-Tensile splitting-control, psi 110.6 85.3 76.9 80.9
-Tensile splitting-conditioned, ps Plant 120.5 99.2 89.7 87.8
-TSR, % 109 116 116 109
APA Rutting, mm Plant 5.78 6.55 5.79 5.93
gﬁ{“&”i%g%%t’cyl, o Core |  0.40 0.20 0.35 0.53
Bond Strength, psi Core 208.6 132.2 1155 127
Fatigue Testing
-Cyls. to failure Plant 14773 13470 2249( 29813
-Stiffness, MPa 1585 2323 1139 951

Determination of the basic asphalt mix propertresnfthe asphalt mixes collected in
the asphalt plant during construction indicated tha air voids for all three WMA mixes
compacted at NsignOf 65 were less than 2.0%, much less than the 4€8ign air voids.
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Therefore, rutting susceptibility should be closeignitored in the next summer or two
on these test sections. The control mix compacteteruthe same conditions has the
VTM at 2.3% and would also indicate that this masimarginal rutting resistance. The
aggregate gradations from all four mixes determifredh the mixes produced at the
plant were very close to that determined from tliality control tests of the mixes

conducted at the plant and both sets of the agtgegadations are very close to that of
the JMF submitted by the contractor.

The dynamic shear Rheometer tests were performéaeomsphalt binders recovered
from the mixes produced at the plant. The resnltsrms of G* and G*/sihindicate
that there is no significant difference betweenagghalt binder of the control mix and
that of the three WMA mixes after the short terrmggluring the production of the
mixes in the asphalt plant. This indicates thabrporating the WMA additives in the
asphalt binder and the mixing of the WMA mixesatér temperature did not cause
“reduced aging effect” of the binder properties.

Results of the GDT-66 moisture susceptibility tastlicate the 9.5 mm Superpave
control mix has higher tensile stability values footh the unconditioned (control)
specimens and the conditioned specimens than thihe WMA mixes. The test results
also indicate that the moisture conditioned speonsrigave higher stability values than
that of the unconditioned (control) specimens fachetype of the mixes used in this pilot
test program, including the 9.5 mm Superpave contiw and the 3 WMA mixes. Thus,
the TSR values are over 100% for each of the foxesn Regarding the unusual TSR
values, one engineer in OMR explained that it happa times on finer and “tender”
mixes such as 9.5 mm mix. It was thought that dbeditioning of the testing pills
actually stiffens the mix to some extent. In theamtime, given the higher AC contents
in conjunction with hydrated lime, the tensile glip for the conditioned specimen
becomes higher.The Cecabase RT mix shows moderate stripping wotisiderable
stripping on coarse patrticles and moderate strgppim fine particles. The other mixes
show only slight stripping. According to the GDQTandard (Section 828), all these
mixes meet the acceptance requirements with a mmitensile strength of 60 psi and a
minimum TSR of 80%.

Results from the APA rutting tests indicate thdtfaur mixes meet the GDOT
acceptance requirements. Evotherm WMA mix hasight} higher rut depth value
compared with the other three mixes. The rut depdh the other two types of WMA
mixes are almost same as that of the control mix.

Results from the Hamburg tests indicated that EarothWMA mix has the lowest
rutting and the highest stripping inflection poiajd Cecabase RT WMA mix has the
highest rutting and the stripping inflection powas close to what Rediset has, which is
the lowest one. This indicates that Cecabase RTAWNK would be more susceptible to
moisture than the other mixes, which is consisteitih the finding from the GDT-66
moisture susceptibility tests. Results from tleisting showed that the Evotherm WMA
has much lower total rutting at 10,000 cycles ttt@ other mixes, which is opposite to
the finding from the APA rutting test results.
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Results of the bond strength testing show the kmrehgths from the four mixes all
exceed 100 psi, with the control mix having thehleist value of 208 psi and the three
WMA mixes having the strengths around 115 psi t@ p8i. According to the NCAT
study @), average bond strength of 100 psi is the typbcadd strength between HMA
pavement layers against slippage failure.

The fatigue tests were performed on all 4 mixet¢ect#d at the asphalt plant. The
testing procedures followed the AASHTO standard & O T321-07). The rankings
of cycles to failure from high to low among thesmikes are: Cecabase RT mix, Rediset
mix, Control mix and Evotherm mix. An ANOVA was nf@med on the cycles to
failure among the 4 mixes. The significance lesfethe ANOVA was 0.05. The result
showed that the p-value, about 0.03, is less tharsignificance threshold of 0.05, but is
not exceptionally low (less than 0.01). Thus, \aa say that the cycles to failure among
the 4 mixes show a statistical difference at a matdesignificant level.
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Chapter 5 EVALUATION OF WARM MIX HYDROCARBON
EMISSION

This chapter presents the results of a prelimiséugy that was conducted by Alexander
Samoylov and Michael Rodgers of Georgia Tech Rebkednstitute (GTRI) for
evaluating the relative magnitude of VOC emissidasng the production of WMA and
the control mix at the asphalt plant and during gheing operations. A report entitled,
“Warm-Mix Asphalt Hydrocarbon Emissions Scoping &tl submitted by the
investigators is included in Appendix C of thiso&p

5.1 Introduction

One of the important considerations in using WMAthe potential for reducing the

emissions of VOC that are important precursorshtmt@chemical smog and the creation
of secondary fine particulate matter (PM2.5). Efhare, it is important to be able to

assess the extent of the reduction of the pollstiortusing WMA and compare that with

the conventional HMA during the construction of laaip pavements.

However, determination of absolute emissions rdtesn industrial processes,
including the production of asphalt mixtures in fplant and the paving operations, is
normally a time consuming, costly and difficult pess as these emission rates are often
strongly impacted by local environmental conditiamsl normal variations in the process
being measured. For this reason, scoping studiesofien undertaken to ascertain
whether emissions from a new process are likelpaosubstantially different from the
one that it replaces. This study was conceive@ a&soping study to determine and
compare VOC emissions from the WMA mixtures usedhe pilot project and the
control mix.

5.2 Measurement Approach

The basic study approach was to compare the olik&@& concentrations just above
surface of various WMA mixes with those associatgtth a control mix using both free
air and an open topped chamber (cone). Measurenoérgsirface fluxes using near
surface concentration measurements normally reqties use of eddy correlation,
gradient or Bowen ratio methods that require sutistiaancillary micrometeorological
measurements in addition to the concentration mmea®nts. In the case of asphalt
mixtures, this need for extensive supporting metlegical measurements is greatly
reduced since the surface temperature of the daspiral260 to 300°F) is much higher
than that of the ambient air and the near surfaegy balance is almost completely
controlled by the asphalt mix at least so longhassurface winds are not too high. Thus,
for this scoping study, measurements were limitethe evaluation of the near surface
concentration gradients and exhaust concentratronsthe open topped chambers based
on the assumption that ventilation rates inducedheysurface temperature conditions
were comparable for all the mixtures.
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All VOC concentration measurements made duringstbdy were performed using a
Siemens Ultramat 23® Non-Dispersive Infrared (NDtRRjector equipped with a heated
type 316 stainless steel inlet system. Measuresngete made at distances 1, 3, 10, 30,
and 100 cm above the surface of the asphalt mtnrepen air and at the exhaust from
a variety of simple open-topped chambers with assisond measurement update cycle.
These VOC concentration measurements were condattbe asphalt plant when these
mixes were produced and at the paving during thiengaoperations.

Regarding the VOC measurement protocol, Michaelgeosl further explained as
follows: “Current AP-42 emissions factors for asplpaving are still based on a series of
grab sample enclosure measurements conducted dbent970’s. Since then EPA has
issued substantial technical guidance on conductiagk emissions testing at asphalt
plants but has not provided any guidance or stahgaotocols for field testing of
emissions from asphalt transport and pavementfielmid 1990's NSF and the National
Strategic Highway Research Program sponsored & stuttlucted in collaboration with
the South Coast Air Quality Management District atteé University of Southern
California to establish a protocol for pavement &s1mins measurements but the resulting
protocol, based on grab sampling and gas chronegtbgr testing, was never adopted by
U.S. EPA. The NDIR measurement techniques uselisnstudy are derived from EPA
standard methods used for dynamometer testing biclee emissions (EPA-75 test
procedure) and are considered EPA equivalent mstfoodhis purpose.”

Asphalt Plant Measurements

The VOC measurements at the asphalt plant were midli@ 1-2 minutes after the mix
was discharged from the silo into the truck. ABasurements were made near the center
of the truck bed at distances of 1, 3, 10, 30, Hd@ centimeters from the asphalt surface
using a heated stainless steel line and a Sieméramat 23® NDIR detector. In
addition to these open air measurement some semreled measurements were
performed using open topped chambers (cones) gestinthe asphalt surface. Several
measurements were excluded from the data set edalsy between truck loading and
the time the vehicle was made available for the smeaments was too long (i.e. more
than 20 minutes).

Paving Ste Measurements

Measurements at the paving site were conducted tisensame general approach as that
used for at the asphalt plant. In this case thialets steel inlet was placed close to the
centerline of the freshly paved asphalt mat. Mesmsents were performed in two
separate stages, on the uncompacted asphalt maidiately behind the screed and after
the rollers had compacted the mat at least once.

! The explanation on the VOC measurement protocslpravided by Michael Rodgers when the final
report was reviewed by GDOT. It was not includedhie Appendix C that is the report prepared by
Michael Rodgers.
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Table 5-1 shows more specific information regagdinee measurement program
including the measurement day, general environnmeatalitions, asphalt temperatures
and pavement status.
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Table 5-1 VOC Emission Study Conditions

Asphalt
. Temp Temp . Temperature
Day# Date Additive Morning, | Afternoon, W'T‘P‘ Humidity deg F Pavement) Pavement
Measured (deg F) (deg F) Conditions Rolled Unrolled
9 g 300 | 280| 260
1 10/29/2009 Evotherm 40-45 55-60 Strong Mediym X XX
Low
2 | 1030/2009 REAISEL/ | 40 45 50-55 Light High | X X X
Control
Mix
3 11/3/2009 Rediset 40-45 55-60 Moderate Medium X X X X
4 11/4/2009 CECA 45-50 60-65 Light Medium X X X X X
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5.3 Results
Evotherm Additive

The Evotherm WMA mix was tested on Octobef"28009. In the morning hours, ambient
temperatures ranged from 40-45 and were associated with the very strong wind& Wind
moderated significantly in the afternoon and ambiemperatures rose to 55-68. VOC
concentration measurements were conducted at diffeeent WMA temperatures: 368, 28C0F
and 260F and were conducted only at the asphalt plante fEsults of the measurements are
summarized in Table 5-2.

Table 5-2 VOC Measurements at Asphalt Plant — Evo#rm WMA

Temperature Distance, cm Cone
°F 1 3 10 30 100
260 19 18 15 12 10 17
280 26 25 18 15 13 21
300 11 9 11 9 7 -

Control Mix

Measurements of the control mix were performed atoler 3. Weather conditions for that
day were considerably different from the day bef@@mperatures were between®gsand 55F
with high humidity and light drizzle that becamghi rain at times. Winds were very light.

Results of the VOC concentration measurements etptant and at the paving site are
presented in Table 5-3. Results of the VOC measants on uncompacted and compacted mat
at the paving site are very similar. Compacted apgiears to generate a slightly stronger source
of VOC emission but given the variability of extatnconditions and the small absolute
difference, the differences between uncompactedccantpacted conditions are minimal.

Table 5-3 VOC Measurements at Asphalt Plant and Pang Site—Control Mix

Temperature Distance, cm Cone
°F 1 [ 3] 10] 30| 100

Plant

300°F 14.3] 12.3] 9.2| 7.3 6.1 13.p

Paving Site

Uncompacted - - 27 26 24 29

Compacted - - 27 26 27 28

Rediset Additive

The Rediset WMA mix was first produced in the maghiof October 30. By 10 a.m. the
weather turned to light drizzle and paving was cwetl to the conventional mix. It became
apparent the next day that an incorrect proportmny about 30% of the required dosage of
Rediset additive was used for the mix. Paving efiRet WMA mix was resumed on November
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3 and the correct dosage rate of Rediset additag tested. In the morning of November 3rd,
temperatures were 4B -45°F with very light wind conditions and in the aftean reached 55
°F - 60°F with the wind increasing and becoming moderate.

The VOC measurements at the asphalt plant wererpeefl at two temperatures: 3®0and
280°F. Results of these measurements, along with g@sorements made on October 30 are
summarized in Table 5-4. Measurements were alsdumied at the paving site. Results of the
VOC measurements at the uncompacted and compaspbdlamats are also presented in Table
5-4 indicating no significant differences of VOC ission between the 28% and 300°F
production temperatures at the plant and no difieeebetween the uncompacted and compacted
conditions at the paving site.

Table 5-4 Rediset Additive VOC Measurements

Distance, cm Cone
Measurement
1 ‘ 3 ‘ 10 | 30 | 100 Cone1| Conet Coneb Conel4

Plant
260°F - - - - - - - - -
280°F 24 27 24 25 25 27 27 25 26
300°F 20 20 19 19 18 25 28 28 28

Incorrect300°F | 14 10 9 8 10 14 - - -

Paving Site
Uncompacted - - 18 20 20 17 - 20 18
Compacted - - 19 20 20 - -
Cecabase RT Additive

VOC concentration measurements of Cecabase RT W/#Avere carried out on Novembet.4
Temperatures in the morning hours were betweélr 4%0°F and in the afternoon between 60
°F - 65'F with light wind conditions. VOC concentration nseeements were made at the asphalt
plant at three temperatures: 38028C0F, and 268F. VOC concentration measurements were
made at the paving site at 260and at 30%F. The results are summarized in Table 5-5. The
results show no significant differences for the mirduced at 26€8F, 280°F and 300F, and no
difference between the uncompacted and compactstitmms at the paving site.
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Table 5-5 Cecabase RT Additive VOC Measurements

Measurement Distance, cm Cone
1 \ 3 | 10 | 30 \ 100 Conei Cone |3 Cone
Plant
260°F 27 28 27 29 27 28 29 28
280°F 26 25 26 24 24 27 27 27
300°F 24 24 24 20 19 25 25 24
Paving Site
Uncomp, 260°F - 25 21 25 26 27 26
Uncomp, 300°F - 27 28 27 26 25 29
Compact, 260°F - 27 26 26 - - -
Compact, 300°F - 27 27 28 - - -

5.4 Conclusions

This study was designed as a screening test to iegaifnthere were significant variations in

VOC emissions from the 3 different WMA mixes ane ttontrol mix. Based on the results
presented in this chapter, it appears that VOC ®amis generated from any of the WMA mixes
used in this project are not significantly differgdmore than a factor of two) from that of the
control mix under the same environmental conditioRsrther, the results show only very small
and likely insignificant differences between thexes using 3 different WMA additives in terms

of observed VOC concentrations, making it unlikigdgt VOC emissions would be an important
factor in the selection of a preferred WMA additarmong the 3 candidate WMA additives used
in this project.

Michael Rodgers further provided an explanation andgestion on the testing result as
follows: “While there are a variety of theoreticabsons to believe that WMA should have lower
VOC emissions than conventional mix, the currenasoeements were unable to establish that
the emissions were different. While these resutdctindicate that, in fact, the emissions are the
same, we believe that it is more likely due to @memore other factors. For example, the
gradient method used in these measurements idigensidifferences in horizontal winds which
differed significantly from day to day during theeasurement period and could be only partially
corrected for. Additionally, asphalt is a complexxtmre and day-to-day variations in the
mixture could contribute to measurement uncertaifibe absence of replicate measurements on
different batches of nominally the same mixture esakvaluation of this variability difficult.
There are, of course, a variety of other possikgdias well, most of which are associated with the
limited experimental controls used for the curretudy. We would recommend that future
studies of these emissions also include contradkeidies (e.g. closed chamber studies on test
plots) and additional replicates for each of thetares to ensure that these uncertainties can be
more fully accounted for*”

2 The explanation and suggestion on the testindtrass provided by Michael Rodgers when the firgdart was
reviewed by GDOT. It was not included in the ApgierC that is the report prepared by Michael Rodger
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Chapter 6 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The following conclusions are offered based ornvtbek that has been performed for this study.

(1) The asphalt mixes for the four test sections weoglyced by the Astec continuous drum
plant with a production rate of 220 tons per hdure relevant mix production and paving
data for the four mixes are summarized in Tablel®lbw. The quality control testing was
performed on the mixes produced in the asphalttpkamd the test results indicated that
deviations from the JMF for the asphalt content agdregate gradation were within the
acceptance limits for all four mixes tested.

Table 6-1Summary of Asphalt Plant Production and Paving Data

Results
Mix Type SSbSerrEg]ve Evotherm Rediset Cecabase RT
Paving Date 10/30/2009 10/29/200P 11/3/2009 110820
Tonnage produced 1098.7 ton| 1715 ton 1592.05 ton 96.3@8ton
Additive dosage, wt% of mix 0.6% 0.2% 0.44%
Fuel consumption, gal / ton Not available  Not cafalié Not available Not available
Mix TemperaturesF
-Production 315 260 280 260
-At load out 300 240 - 255 265 - 270 265 - 260
-Behind screed 295 230 — 25( 240 - 255 230- 24
Test section length paved 0.7 miles 1.3 miles al8sm 1.8 miles
Use of MTV no yes yes no
Compacted mat thickness 1 Yinch 1 Yainch 1 Y inch 1 Yinch
In-place VTM 5.7% 7.1% 5.8% 5.8%
Surface defects o Occa_sional Fre_quent blemishes Frequent bl_emishes
blemishes | pulling and stripping and pulling
Time opened to traffic 2 hrs. 2 hrs. 2 hrs. 2 hrs.
Pavement smoothness 623 mm/klln 732 mm/km 845 mm/km 22 m8n/km

(2) Paving of the 9.5 mm Superpave mix control sectias successful and did not encounter
any problems during the paving operation. Pavifigthe Evotherm WMA mix was
considered acceptable. An MTV was used in the gatiain and that had helped improve
the paving operation. Even with that, some blepsshtill occurred on the asphalt mat
behind the screed and required some hand workrteatdhem. An MTV was used also in
the paving train during the paving of the Redisé¥1X/mix. However, the paving quality
was generally unsatisfactory. Blemishes occurrethe asphalt mat behind the screed more
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frequently than occurred on the Evotherm mix. R@wf the Cecabase RT WMA mix did
not utilize an MTV. The quality of paving with tmeix produced at 268F was poor with a
large number of cold mix clumps present in the leoppquiring the paving crew to remove
the clumps. Severe blemishes and pulling was obdewm the asphalt mat behind the screed.

(3) Compared with the first pilot study conducted in0&0 blemishes occurred much less
frequently for the Evotherm WMA mix test sectio®@ther than the different WMA additive
used in this pilot study, use of an MTV in the payioperation had improved the paving
quality. However, compared with the 9.5 mm Supeepaontrol section, blemish and
pulling still occurred. This would indicate th&et WMA additives used in this pilot project
were inadequate toward producing the intended wstfedhis could be due to either of the
following two reasons: (1) the applied dosage ratedd be insufficient for the three WMA
additives used in this pilot project. The adequiisage rates recommended by the additive
suppliers should be validated in the laboratorpipto the field implementation; or (2) the
methods for introducing the Rediset and CecabaseadRiltives into the mixing operation
could be ineffective.

(4) Laboratory tests were performed on the asphaltculbected from the asphalt plant during
the construction and the cores taken from the festr sections. Table 6-2 summarizes the
post-construction laboratory test results.

Table 6-2Summaries of Post-Construction Laboratory Test Redts

9.5 mm Evotherm Rediset Cecabase
Superpave| WMA WMA RT WMA
Volumetric Properties
-% AC 5.46 5.81 5.88 5.83
-VTM, % 2.3 1.6 14 1.9
-VMA, % 14.5 14.7 13.0 13.4
Recovery of Binder
-Viscosity, poises 5646 5343 5272 5671
Moisture Susceptibility
-Tensile splitting-control, psi 110.6 85.3 76.9 80.9
-Tensile splitting-conditioned, ps 120.5 99.2 89.7 87.8
-TSR, % 109 116 116 109
APA Rutting, mm 5.78 6.55 5.79 5.93
Hamburg test,
Rut @ 10000 cyl. , in. 0.40 0.20 0.35 0.53
Bond Strength, psi 208.6 132.2 115.5 127.3
Fatigue Testing
-cyls. to failure 14773 13470 22490 29814
-Stiffness, MPa 1585 2323 1139 951

e The air voids for all three WMA mixes compacted\atsign Of 65 were less than 2.0%,
much less than the 4.0% design air voids. Theeefartting susceptibility should be
closely monitored in the next summer or two on ¢hesst sections. The control mix
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compacted under the same conditions has the VTRI3& and would also indicate this
mix has marginal rutting resistance.

The dynamic shear Rheometer tests were performetherasphalt binders recovered
from the mixes produced at the plant. The resolterms of G* and G*/sih indicate
that there are no significant differences betwédenasphalt binder of the control mix and
that of the three WMA mixes after the short terninggduring the production of the
mixes in the asphalt plant.

Results of the GDT-66 moisture susceptibility testdicate the 9.5 mm Superpave
control mix has higher tensile stability values footh the unconditioned (control)
specimens and the conditioned specimens than thhe WMA mixes. The test results
also indicate that the moisture conditioned speosnigave higher stability values than
that of the unconditioned (control) specimens fchetype of the mixes used in this pilot
test program, including the 9.5 mm Superpave comiig and the three WMA mixes.
Thus, the TSR values are over 100% for each ofdhemixes. Regarding the unusual
TSR values, one engineer in OMR explained thatappens at times on finer and
“tender” mixes such as 9.5 mm mix. It was thouthiait the conditioning of the testing
pills actually stiffens the mix to some extent. the meantime, given the higher AC
contents in conjunction with hydrated lime, the sit stability for the conditioned
specimen becomes higher. The Cecabase RT mix showgerate stripping with
considerable stripping on coarse particles and madelestripping on fine particles. The
other mixes show only slight stripping. Accorditagthe GDOT standard (Section 828),
all these mixes meet the acceptance requiremettisavninimum tensile strength of 60
psi and a minimum TSR of 80%.

Results from the APA rutting tests indicated tHa#lanixes meet the GDOT acceptance
requirements. Evotherm WMA mix has a slightly fegihut depth value compared with
the other three mixes.

Results from the Hamburg tests indicated that thetiterm WMA mix has the lowest
rutting and the highest stripping inflection poiajd Cecabase RT WMA mix has the
highest rutting and the stripping inflection powas close to what Rediset has, which is
the lowest one. This indicates that Cecabase RTAMiNK could have more moisture
susceptibility than the other mixes, which is cetesit with the finding from the GDT-66
moisture susceptibility tests. Results from tlisting showed that the Evotherm WMA
has much lower total rutting at 10,000 cycles ttt@other mixes, which is opposite to
the finding from the APA rutting test results.

Results of the bond strength testing showed trebtind strengths from all the 4 mixes
exceed 100 psi, with the control mix having thehleist value of 208 psi and the 3 WMA
mixes having the strengths around 115 psi to 182 Agerage bond strength of 100 psi
is the typical bond strength between HMA pavemayits against slippage failure.

The fatigue tests were performed on all 4 mixe®¥ahg the AASHTO T321-07
standard. The rankings of cycles to failure fioigh to low among these 4 mixes are:
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Cecabase RT mix, Rediset mix, Control mix and Eeothmix. An ANOVA was
performed on the cycles to failure among the fowes1 The significance level of the
ANOVA was 0.05. The result showed that the p-vahlmut 0.03, is less than the
significance threshold of 0.05, but is not exceity low (less than 0.01). Thus, we can
say that the cycles to failure among the 4 mixesvsh statistical difference at a
moderate significant level.

(5) A preliminary study was conducted by GTRI to eviduthe relative magnitude of VOC
emissions during the production of WMA and the colntnix at the asphalt plant and during
the paving operations. Results of the VOC emissimemsurements for the four mixes
indicate that VOC emissions generated from anjhefWMA mixes used in this project at
the asphalt plant and at the paving site are mguifgiantly different from that of the control
mix.

6.2 Recommendations

The following recommendations are offered with am doward better understanding and
improving the quality of the WMA paving operationcaperformance.

(1) Continuous pavement condition monitoring on thet tesctions is highly needed to
thoroughly evaluate the actual performance. dsigecially important to closely monitor the
rutting susceptibility in the next summer or two.

(2) There was problem mixing the additives uniformlyoithe mixing drum during the test of
Rediset. It is recommended to develop a test mettwodjuantitatively measure the
percentage of additive applied right after the aadel are fully mixed in the drum to ensure
the right percentage of additives is introducedarnily into the drum in the plant.

(3) When WMA is used in a paving project, the followingformation in addition to that
stipulated under GDOT Standard Specifications 8ec#00.1.03 should be included when
the contractor submits the JMF after the contrastlieen awarded:

e The amount of WMA additive as percent of net bindeed in the mix or the percent
of the total mix weights used, particularly whenR& used.

e A viscosity vs. temperature chart for the bindecomporating the specified WMA
additive dosage.

e The procedure for incorporating the WMA additivetointhe mix, the mixing
temperature and mixing process in the laboratowgngioperations.

e Temperature and duration of aging, if differentnirthe standard for aged at 2G5
(275°F) in an oven for 2 hours after mixing and prioctampaction.

e Any deviation from the Superpave mix design proceslu

(4) Submit the proposed JMF for approval at least 4kedenstead of 2 weeks) before the

beginning of the asphalt plant mixing operatiorhisTwould allow the OMR sufficient time
to conduct more thorough mix design verificatiostitey.
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(5) It would be desirable to request the WMA additivgp@ier to conduct the mix design
verification testing based on the JMF, the aggesggaand the binder submitted by the
contractor, and forward the verification mix desmgsults to the OMR. It would be highly
desirable that WMA additive suppliers also provide following information for using the
WMA additive during the construction.

e Minimum threshold mix temperature behind the screed
¢ Maximum allowable storage time in silo
¢ Maximum allowable storage time in truck

(6) OMR should perform mix design verification testibgsed on the JMF, aggregates, and
binder submitted by the contractor and compareréselts with those from the WMA
additive suppliers. The mixing temperature andcthmpaction temperature as suggested by
the WMA additive suppliers should be carefully exzéd during the laboratory mix design.
Workability of the mix should also be carefully &vated.

(7) It may be desirable to intentionally vary the temgperes of the mix at load out, behind the
screed, and during the holding time to assess ¢heitsvity of the temperatures and the
storage time on the constructability of the WMA niixthe test section of a construction
project. This would provide valuable informationr fthe contractor and for the Quality
Control Technician during the mainline paving. tHé results indicate that the WMA mix
used is too sensitive to the temperature variatitims project engineer perhaps should
consider requesting the contractor to use an MTYhitigate the temperature sensitivity of
the WMA mix used for the project.

(8) OMR and the Office of Maintenance should cooperratgsing additional WMA sections to
gain experience of using different types of WMA e8x The proposed research program for
this pilot study presented in this report, inclglihe Post-Construction Laboratory Testing
and Evaluation Program, can be used to evaluatedhstructability and the properties of
the mixes.
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Table A-1 9.5 mm Superpave Mix Job Mix Formula
Submitted by Reeves Construction Co.

S66H6S

CO'NSTPUCHON CO.

REQUEST FOR APPROV ION OF ASPHALTIC CONCRETE JOB MIX FORMULA
TYPES OF MIX(ES): 9.55P |l 9.55P RAP Il
PROJECT: CSSTP-M003-00(837)01 COUNTY: MONROE
CONTRACT 1.D. NUMBER: B13260-08-000-0 DATE: 4!23-!2009
FROM: REEVES CONSTRUCTION COMPANY CONTRACTOR/SUBCONTRACTOR

FIELD BCE MARK BRUCE

TO: AREA ENGINEER BRINK STOKES PLANT LOCATION POSTELL
PERSON(S) RESPONSIBLE FOR QUALITY CONTROL TONY YOUGHN
MATERIALS DATA
TYPE MIX MIX 1.D. NO. |AGG. SIZ % ISOURCE # SOURCE / LOCATION
7 7 028C |RINKER MAT'LS@ POSTELL, GA
89 34 028C |RINKER MAT'LS @ POSTELL, GA
9.58P 28-9.55P-47.7 M10 21 028C |RINKER MAT'LS @ POSTELL, GA
([ W10 37 028C |RINKER MAT‘LS_@ POSTELL, GA

LIME 1.00%

RAP 15 004R  |04-2002-2
_ 7 5 028C |RINKER MAT'LS @ POSTELL, GA
9.55P 28R-9.58P-39-7 89 35 028C |RINKER MAT'LS @ POSTELL, GA
RAP M0 15 028C [RINKER MATLS @ POSTELL, GA
Il W10 29 028C |RINKER MAT'LS @ POSTELL, GA
LIME 1925
GRADE AC. — PGB7 2 7 |REEVES TERMINAL, PERRY, GA
TYPE OF ANTI-STRIP, ADD.: X 6 TENN-LUTRELL, MACON, GA
Lo
MIXTURE DATA
SlEVE SilE IYPEMIA HY53P 11 [TYPE MIA N TYPEWMIX E5SPF R
11/2" OR 37.5MM
1" OR Z25MM
347 QR CTYMM 100 100
1/E™ ORTZ.0NM EE] )
(8" OR 5N o7 57
NQ. 4 OR 4.70NM [$]s] 18]
[NO. 8 OR Z.J6NIM a5 a5
NO. 50 UK SUDUM
NQ. 200 OK 0. 75UM 7 7
PERCENT AT 56 556
IHEO. 5SP. GRAV. 2502 2902
AL T OF. GRAV. / 2479 N 2432
TEMP_TFIC) I ¥ o
APPROVED: Z DISAPPROVED: BY 7V — DATE; #‘[&-207
REMARKS: SR-42 407178
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Table A-2 9.5 mm Superpave Mix Design

Department of Transportation - State of Georgia Date: 11/2B/2006
Asphaltic Concrete Design Report
Mix Type: 9.5mmSP Mix I.D. No.: 28R-9.58P-39-7 Design Lab: Reeves
This design is approved for use contingent upon approval by the Engineer of a Job Mix Formula. A change
in materials properties or unacceptable field performance may invalidate this design.
Materials
Aggregate Size, Grade X $Used Group Source Source Name
Type (code) With W.out Code
Lime Lime
RAP 15 004R Reeves Construction Co. (RAP) @ Postell s ,g00 T ‘./Ev,;
7 5 IIA 028C Rinker Materials, Postell
89 35 IIA 028C Rinker Materials, Postell
M10 15 IIA 028C Rinker Materials, Postell
wWio0 29 IIA 028C Rinker Materials, Postell
Mineral Filler Approved Source
Asph. Cement 67-22 0002 Citgo @ Savannah
Hydr. Lime 0.92¢ Approved Source
Additive Approved Source
Hydrated Lime [ Additive | Nini: 6 Nmax : Ndes: 65
% AC GMM GmmIni GmmNdes %Air Voids VMA VFA DustRatio GMB
5.00 2.525 88.7 95.6 4.4 16.1 72.5 1.05 2.413
5.50 2.506 90..5 97.0 3.0 16.0 80.9 0.96 2.429
< 91.5 96 4.0 > 16.0 72 - 76 0.8 - 1.6
Aggregate Gradations Diametral Tensile Splitting
Type 37.5mm 25.0mm 19.0mm 12.5mm 9.5mm 4.75mm 2.36mm 1.18mm 600pm 300pm  150um 75um Lime Liquid
RAP 100 100 100 93 86 72 56 43 33 24 17 11.0 | conditioned (kPa) 695 .6
7 100 100 100 95 52 2 1 0 0 0 0 0.0 ~ontrol (kpa) 856.9
89 100 100 100 100 96 26 5 2 0 o] 0 0.0 AEaTRed —— 812
M10 100 100| 100| 100| 100 a9 81 55 42 EP 33 | Az Ferained:Stabllity :
wio 100 100 100 100 100 929 75 50 33 22 12 3.0
Job Mix Formula Critera
Optimum Film
AC % Thick
Ndes 5.14 8.52
Lime: 0 0 0 0 0 0 0 0 0 0 100 100 | rwr (mm) 3.71
CmbGrd 100 100 100 39 94 64 45 31 22 16 10 5.2 ! Aggr. Eff. Gravity 2. 732
Remarks: Type II
Checkpoint Design based on Mix ID# 028X151_9.55P-21-007L.
RAP = 14.9% aggregate & 0.B% AC; RAP AC = 5.70%.
Stockpile No. 004-2-2000FReeves Construction @ Postell.
Calibration factor ==0.28%.
¥ 4-2-=2000(IR2006D T

State Bituminous Construction Engineer
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Table A-3 9.5 mm Superpave Mix Asphalt Plant QC Tst Results

GDOT 159 - Asphaltic Concrete Lot Worksheet (ENGLISH)

Plant Numher 004 Fru_iect ID: CSSTP-M003-00{337)01 Type Hlx 9. 5r||ln SP Level: NiA Lot Number: 07
Contract 1D B13260-08-000-0 Date: 104'3032009 Tech ID: 523
Mix 1D 28R-0.55P-30-7 Contracior ID: Z2RE3%0 County Number: 207
District Mumber: 3 Corracted copy: M Blend: RAP
Type course: 5 Completed repun, ¥

AC Grade PGB? 22 AC Saume Na 0002 Hyd. Lime: Y Liq Add N Quan Trls raporl{mns} 10937 chd Spec

Oontml Strip Densny{lhﬂ’f’} In Place Densnty {IbiftY) ReEval IPD % Comp % Comp ReEval % ‘ufmds ReE'ual % Voids Stip TestTime % Ret  Lime Checl:s %

145.7 LR 0.91
146.0 57
1455 6.1
1467 53
1464 5.5
Target Density {Ihf) Max Ajr Voids: Avg: 5.7 AC CF.:
Theo. Density (Ib/ft*) 1549 MaxPracllcaIAw‘u'mds 70 Range EIS Tﬁmp CF
Sam No Sarnple Luad T'me Temp Total Begin Final  AggDry _12in __1__in. _3#4 in 1F2in_ 38 in No 4 NDE No 50 No. 2EICI AC Uw
No . Masslg) MeassigMass(o) Mass(g) wMr{ | i 1000 s90[ 920 660 0 | 70 sl 550 CF.
523439 |1w3wzous he_ sooam 30 20118 [ | 118982 Mass(g: 288 1431 5607 9770] [ 18036125Y | 200
%Passy ) 985 925 694 485 | 70 S7BAN
523440 103012009 |44 1248PM 1330 20154 | T 19097 Massig): 00/ 400 1666] 6786 10711 1_13192125\” 2,00
%Pass: | | 10000 o7r¢l 913 645 439 | 67 553AN
Ag%bevi | | oo o8l 08 28 23 | 'ﬁ_-lé 013
Indicated Pay Factors
Voids: 100 Range: 1.00 Exir; 1.00 Sieve: 1.00 AC: 100

[ End Results; ¥ Remarks: second lot of suface mix
Appll Pay Factor: |1.00 |

Verfied By:  TJW
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Table A-4 Evotherm WMA Mix Asphalt Plant QC Test Results

GDOT 159 - Asphaltic Concrete Lot Worksheet (ENGLISH)

Flant Humher 004 ijectln CSSI'P MDI}S -00(837)01 Type Mix: 9.5mm SP Lwel N!A Lot Number: 06
Contract ID. B13260~lf}3-00{]-ﬂ Date: 10.1'2&"2009 Tech ID: 523
Mix 1D: 26R-0.55P-38-7 Cantractor 0 2RE390 County Mumbsr: 207
District Number: 3 Corrected copy: N Blend: RAP
Type coursg: 5 Compkated report ¥
ACGracIe F‘GE?-EZ AC SourceNn DDDE Hyd. lee ¥ qu Ad-:l N Quan Th|s repml[torusj 1?15 Void Spec: ¥
Control Slnp Densny{lm‘ft'] In Plane Densuy{bm’} ReEval IPD % Comp % Cornp RaEval % ‘.-'oads ReEuaI % Voids Sirip Test Tnme % Ret  Lime Checks %
144.2 6.9 0.89
141.7 85
143.2 76
1415 87
141 B 86
Targel Densrt)r {lhfﬁ’} Max Air I'.’|:>||:Is Aug: 8.1 AC C.F.:
Theo. Density {Ib/ft*) 154 9 lulax Pracncal A|r ‘u‘uds T.EI Range 1 B Temp. CF.
Sam No Sample Lnacl Tme Temp Tmal Begm Fmal Agg[)nr 11!2m - tin 3}51_[(_1 lf2 in En'ﬁm lglc_n._d____No B No 50 No. 200 AC UW
ho . Masslg) Mass(g)Mass(g) Massig)  JMF| | oo eeol w20 a0l 4500 | 70 se0 CF.
5234% imﬁmm T raeaMe 85 27 T T 6218 Massig) i_"_'f_- 00 4_3_2_ 814l 72 9209 [ ts462125 | 200
%Pass[ _1_ o 100 er3 91.9\.._. 638 427 | 87 554IAN

523437 1102902009 45 1201PM_285 20059 18823 Massigh |00 542 1
%PaSSI 1 1000 974

| 74e 187 | 180?4125Y| 2.00!
400 |60 564AN

523438 [101202009 76 356PM 260 19360 | 18227 IMessig) "";'ﬁ":i.’.ﬁ:@ﬁﬁ_ﬁﬁ 1807 6622 10408 | 17489125Y | 200
%Pass| | 1000 967 895 53;'J 429 | 60 580/AN
AvgtDevi || ool 200 12 -
Indnated Pay Factors
Voids: 0.0 Range: 1.00 Extr: 1.00 Sieve: 1.00 AC: 100

I End Results: Y Remarks: fisrt lot of surface mix in adjustment period
Appll Pay Factor: 1,00

|
Verified By:  TJW
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Table A-5 Rediset WMA Mix Asphalt Plant QC Test Rsults

GDOT 159 - Asphaltic Concrete Lot Worksheet (ENGLISH)

Plant Number: 004 Project ID: CSSTP-M003-00(837)01 Type Mix: 9.5mm SP Level: NIA Lot Number: 09
Contract |0 B13260-08-000-0 Date: 1132008 Tech ID: 523
Mix ID: 28R-0.55P-39.7 Contractor 1D: 2RE390 County Number: 207
District Number: 3 Corrected copy: M Blend: RAP
Type course: s Ccu‘rpleted report: Y
AC Grade: PGG?—EE AGSmrceNn 0002 Hyd. Lime: Y L|q Add.: N Quaﬂ Th|s report ttor:s} 1592&5 Void Spec: Y
Contral Strip Densuy(lbufﬂ’J In Plac:e Densﬂy {Ibfﬂ’] ReFval IFD % Comp % Comp ReEval %Umds FtsEval%‘u‘ords Strp Tesi Time % Ret  Lime Checks %
145.0 6.4 0.95
146.3 56
146.1 57
1447 56
1476 47
Ta'get De'ns:ty{lbfft’] Max Air Voids: Avg: 58 ACCE.
Thea. Density {Im‘l‘} 154.9 Max F'ramlcal Air Voids: ? 0 nge 1.8 Tamp CF
SamNo Sample Load Tlme Temp Total Begin Final  AggDry |1‘1a‘2 in _._1 in 3€4|n C1i2in 3@in Nu4____ No. 8 _Nq_ﬁ_ﬂ ;J_q_ggq___nc UW
Date No o Masslg) MessigMassig) Mass(g) uMF: [ [ 1000 ssql 920| esol 450 [ 70 sed CF
623447 1132009 27 [1104AM 260 [1esee | | 15044 Massigy| L i n.q_ 208 1165 54au| 865.3 15139125 | 2.00
%Pass | | 1000 81| 927 659 457 | 70 5BBIAN
23448 (1132009 41 [1203PM 283 [16726 | | [1sesd Massigr | | 0g 3831397 6621 8748 1505.21125v | 200
%Pass: _ 1000 976 912) 845 448 7.0 555 AN
523449 1132008 79 32TPM_ 3% 15489 | | 14628 Masslg) 00 231 1304 5208 200 | 1396125 [ 200
%Pass: _______1 1000 984 811 638 439 | _uf 5T1IAN

Avg. % Dev: !_':_'_;J:;'._]_[l___,___,__g_.__tgl_______+'-tf+| 08l 12 o7 | og oog

Indicated Pay Factors
Voids:  1.00 Range: 1.00 Exir: 1.00 Sieve: 1.00 AC: 100

E— End Resulls: ¥ Remarks: fourth ot of surface mix
Appll Pay Factor: 100

Veriied By, TJW
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Table A-6 Cecabase RT WMA Mix Asphalt Plant QC TesResults

GDOT 159 - Asphaltic Concrete Lot Worksheet (ENGLISH)

Plant Number: 004 Project ID: CSSTP-M003-00(837)01 Type Hlx 9 Emm SP Level: NiA Lot Number: 10
Contract 10: B13260-08-000-0 Date: 11!41'2009 Tech ID: 523
Mix 1D: 2BR-9.55P-38-7 Contractor ID: ZRE350 County Number: 207
District Mumber, 3 Cormected copy: M Blend: RAP
Type course: g Completed repoﬂ Y

ACGrade PGB? AC SourcaNo 0002 Hyd. Lime ‘( an Add M Oua’u ThlSI‘EpDI’l{tG‘IS} 1596,32 V0|d5pec A
ConmISmpDensn}rr:lbrﬁ’} In Place Density (Ib/ft=) ReEval IPD %Comp % Comp ReF_vaI %v-:nds ReEval % Voids Strip Test Time %Rel leeChecks%
1457 59 0.3
145.4 6.1
145.7 59
1457 59
145?1 50
Target Density (Ib/%)  Max Air Vaids: Avg: 58 ACC.F.c
Theo Denmt:r{lb\l'ft’] 154.9 I'u'.'ax F'ractlca[mr 'U'DIdS ?.0 Rangﬁ 1.1 Temp. C.F.:
SamMo Sample Load Time Tsmp Total Bagm Fmal Agwqr 11J'Em _1in 314|n _EQ___m 3Bin Nod Noa Nu 5D Mo. 200 JELC Uw
Date No . Mosslg) Mass(glMass(g) Masslg)  umF: [ | 1000 sso] o20 eso] es0] | 70 560 CF
523450 [1142000 [13  @46AM 255 [18318 | | 17243 Massigy _r_ 00 245 1494 6006 9607 J1s44ﬂ125*r| 200
%Pass| 1 100 96 13 652 449 | 86 BB0AN
523451 11472009 41 (1207PM [295 15104 | | 114305 Massig: ! L pol 322 1858 5513 849 | 1363 91125 200
%Pass| | 1000 977 870 615 423 B.7] 5481AN
3450 [19008 69 2a1PM B30 20512 | Tie402 Wassigr | | 00 264 1623 6916 10778 | té402l2sy | 200
%Pass| | 1000] 988 916l 644 44l | 72 543N
Avg.%Dev:! | [ uu] cn?J zul """ | 03l o8
Indicated F'ay Factnm
Vaids:  1.00 Range: 1.00 Extr: 1.00 Sieve: 1.00 AC 100
B End Results: Y Remarks: fifth lot of surface mix
Appll Pay Factor:  11.00 ]
Vesified By:  TIW
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Table A-7 Smoothness Test Result

FINAL TOPRING RIDE SUMMARY WORKSHEET

SUMMARY OF PAVEMENT SMOOTHNESS

Date 02711710 District 3 Ares Mumber 1 District Enginaer David B. Millen, P.R.L.5.
Area Engineer Michael Presley
Project Mo. CS5TP-MD03-00(837)01 Profiler perator Lea Ward
County Monmoe
Run Type FIMAL State Route 42 Contract I B13260-08-000-40 Total Lane Mikes 242
Project Limits Resurfacing on SR 42 from SR 74 to SR 18
PROJECT AVERAGES
Contractor Mame  Reewves Construction Company M | 9.5mm &P Preconst. Maw Rasurface
Spec. Targst o000 1020 731
Contractor No. ZRE390 Spec. Camecive | 1025 MY | 28%Change
Dhrect. Drect. Dhrect. Drect.
Test Limits ML1 M/F NLZ MIF 5L1 MIF 52 MIF
From Ta s | Tar. | Comr. Date e | Tar. | Comr Date e | Tar. | Comr. Date e | Tar. | Comr. | Date
211 3.00 548 M M TN 45 M M [E R IR
3. 00 4100 B1Z M M TIFE [ M M TIN0E
100 .00 ] M M TIN0E L] M M TINoE
5.00 [ GiE] M M TIrOS [EL) M M TG
(0] T.00 [:1F M M TN 2] M M TINE
1.00 ] 2] M M TN [ M M TINOE
B0 2.00 [45) M M TIFE (3] M M TIN0E
3.00 T0.00 [ M M TIF0SE (2] M M TINoe
T0.00 T1.00 e M M TN T3 M M LR
T1.00 1200 (55 M M TN T00 M M TWIN0E
TZ00 13.00 T M M WETI0 120 M M TWIN0E
T3.00 T3.57 T M M [ R[] (-1 M M T 30E
M =MEETS F=FAILS 31 = SMOOTHNESS INDEX

COMMENTS:

61



Table A-8 9.5 mm Superpave Mix Compaction QC TedResults
GDOT150 - Control Strip and Asphaltic CompactiomN(E.ISH)

Plant 4 Project CSSTP-M003-00(837)01 Type 9.5mm SP
Level: N/A Lot 07
County 207 District Number: 3 Sample 10/30/2009
Contract ID: B13260-08-000-0 Contractor 2RE390 Ctr. Name:  REEVES
Area Engineer 314 Item No.: 400
Tech. ID:  3H
Blend: RAP
Plant MACON
Percent 5.6
Gauge No.: 24991 Mode (inches): BS
Density Standard 2349 Correction Factor: 31 Corrected Std. 2380
Calibration Factor 1: -1.812613 Calibration Factor 1.272415
Control Strip: N Max % air voids: 7.8
Use Nuclear Or Core Nuclear  Theo. 154.9 Target Density
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
1 3H 705 2009 SBL 9+88
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 599 615 602 605 0.2543 145.7 5.9
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
2 3H 706 2009 SBL 9+73
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 588 602 615 602 0.2528 146.1 5.7
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
3 3H 707 2009 SBL 9+45
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 591 612 622 608 0.2556 145.5 6.1
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
4 3H 708 2009 SBL 8+85
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 578 600 605 594 0.2497 146.7 5.3
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
5 3H 709 2009 SBL 8+69
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 588 600 606 598 0.2513 146.4 55
Core WHtAIr (g)  WitSurf(g)  WitWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
% of Theo. Average 5.7
Range % 0.8
Remarks Testing Group Testing Management
Meets Pass
Verified BLJ
By
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Table A-9 Evotherm WMA Mix Compaction QC Test Reslts
GDOT150 - Control Strip and Asphaltic CompactiomN(E.ISH)

Plant 4 Project CSSTP-M003-00(837)01 Type 9.5mm SP
Level: N/A Lot 06
County 207 District Number: 3 Sample 10/29/2009
Contract ID: B13260-08-000-0 Contractor 2RE390 Ctr. Name:  REEVES
Area Engineer 314 Item No.: 400
Tech. ID:  3H
Blend: RAP
Plant MACON
Percent 5.6
Gauge No.: 24991 Mode (inches): BS
Density Standard 2349 Correction Factor:  -63 Corrected Std. 2286
Calibration Factor 1: -1.812613 Calibration Factor 1.272415
Control Strip: N Max % air voids:
Use Nuclear Or Core Nuclear  Theo. 154.9 Target Density
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
1 3H 687 2009 SBL 13+00
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 585 571 589 582 0.2544 145.7 5.9
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
2 3H 688 2009 SBL 12+12
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 612 616 601 610 0.2667 143.1 7.6
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
3 3H 689 2009 SBL 11+84
Nuclear Left Center Right Average  DensityCR Density(Ib/ft3) % % Void
Results 587 582 607 592 0.2590 144.7 6.6
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
4 3H 690 2009 SBL 11+36
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 606 602 626 611 0.2674 143.0 7.7
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
5 3H 691 2009 SBL 10+48
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 609 610 613 611 0.2671 143.0 7.7
Core WHtAIr (g)  WitSurf(g)  WitWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
% of Theo. Average 7.1
Range % 1.8
Remarks  FIRST LOT OF ADJUSTMENT Testing Group Testing Management
Meets Pass
Verified BLJ
By
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Table A-10 Rediset WMA Mix Compaction QC Test Reslis
GDOT150 - Control Strip and Asphaltic CompactiomN(E.ISH)

Plant 4 Project CSSTP-M003-00(837)01 Type 9.5mm SP
Level: N/A Lot 09
County 207 District Number: 3 Sample 11/3/2009
Contract ID: B13260-08-000-0 Contractor 2RE390 Ctr. Name:  REEVES
Area Engineer 314 Item No.: 400
Tech. ID:  3H
Blend: RAP
Plant MACON
Percent 5.6
Gauge No.: 24991 Mode (inches): BS
Density Standard 2352 Correction Factor: 31 Corrected Std. 2383
Calibration Factor 1: -1.812613 Calibration Factor 1.272415
Control Strip: N Max % air voids: 7.8
Use Nuclear Or Core Nuclear  Theo. 154.9 Target Density
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
1 3H 715 2009 SBL 4+46
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 599 625 617 614 0.2575 145.0 6.4
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
2 3H 716 2009 SBL 3+91
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 630 588 580 599 0.2515 146.3 55
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
3 3H 717 2009 SBL 3+37
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 617 589 600 602 0.2526 146.1 5.7
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
4 3H 718 2009 SBL 3+05
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 626 617 609 617 0.2591 144.7 6.6
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
5 3H 719 2009 SBL 2+59
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 599 588 571 586 0.2459 147.6 4.7
Core WHtAIr (g)  WitSurf(g)  WitWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
% of Theo. Average 5.8
Range % 1.9
Remarks Testing Group Testing Management
Meets Pass
Verified BLJ
By
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Table A-11 Cecabase RT WMA Mix Compaction QC TesRResults
GDOT150 - Control Strip and Asphaltic CompactiomN(E.ISH)

Plant 4 Project CSSTP-M003-00(837)01 Type 9.5mm SP
Level: N/A Lot 10
County 207 District Number: 3 Sample 11/4/2009
Contract ID: B13260-08-000-0 Contractor 2RE390 Ctr. Name:  REEVES
Area Engineer 314 Item No.: 400
Tech. ID:  3H
Blend: RAP
Plant MACON
Percent 5.6
Gauge No.: 24991 Mode (inches): BS
Density Standard 2342 Correction Factor: 31 Corrected Std. 2373
Calibration Factor 1: -1.812613 Calibration Factor 1.272415
Control Strip: N Max % air voids: 7.8
Use Nuclear Or Core Nuclear  Theo. 154.9 Target Density
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
1 3H 720 2009 NBL 2+50
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 610 611 590 604 0.2544 145.7 5.9
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
2 3H 721 2009 NBL 2+59
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 588 610 622 607 0.2557 145.4 6.1
Core WHAIr (9) WtSurf (g)  WiWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
3 3H 722 2009 NBL 3+21
Nuclear Left Center Right Average DensityCR Density(lb/ft3) % % Void
Results 589 622 601 604 0.2545 145.7 5.9
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
4 3H 723 2009 NBL 3+28
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 588 625 600 604 0.2547 145.7 6.0
Core WHAIr (g) WtSurf (g)  WtWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
Test# TechID Sam.# Year Begin (ft.) End (ft.) Length (ft) Lane Location Rnd. No. Rnd Sta. (ft) Trans. Loc
5 3H 724 2009 NBL 3+86
Nuclear Left Center Right Average DensityCR Density(Ib/ft3) % % Void
Results 588 590 588 589 0.2481 147.1 5.0
Core WHtAIr (g)  WitSurf(g)  WitWater(g) Diff (g) SpecGrav Density(Ib/ft3) % % Void
Results
% of Theo. Average 5.8
Range % 11
Remarks Testing Group Testing Management
Meets Pass
Verified BLJ
By
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APPENDIX B LABORATORY TEST RESULTS

Table B-1 GDOT Basic Mix Volumetric Test — Contrd Mix

Table B-2 GDOT Mix Volumetric Test — Evotherm WMA Mix

Table B-3 GDOT Mix Volumetric Test — Rediset WMAMix

Table B-4 GDOT Mix Volumetric Test — Cecabase RWMA Mix

Table B-5 GDOT Moisture Susceptibility Test— Contol Mix

Table B-6 GDOT Moisture Susceptibility Test— Evdterm WMA Mix
Table B-7 GDOT Moisture Susceptibility Test— Redist WMA Mix

Table B-8 GDOT Moisture Susceptibility Test— Cecaise RT WMA Mix
Table B-9 GDOT Rutting Susceptibility Test (APA) —Control Mix

Table B10 GDOT Rutting Susceptibility Test (APA) -Evotherm WMA Mix
Table B-11 GDOT Rutting Susceptibility Test (APA)> Rediset WMA Mix
Table B-12 GDOT Rutting Susceptibility Test (APA)» Cecabase RT WMA Mix
Table B-13 GDOT DSR Test — Control Mix (1)

Table B-14 GDOT DSR Test — Control Mix (2)

Table B-15 GDOT DSR Test — Evotherm WMA Mix (1)

Table B-16 GDOT DSR Test — Evotherm WMA Mix (2)

Table B-17 GDOT DSR Test — Rediset WMA Mix (1)

Table B-18 GDOT DSR Test — Rediset WMA Mix (2)

Table B-19 GDOT DSR Test — Cecabase RT WMA Mix (1)

Table B-20 GDOT DSR Test — Cecabase RT WMA Mix (2)
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Table B-1 GDOT Basic Mix Volumetric Test — ControlMix

Asphalt Content

Test Result: 5.18%
Calibration Factor: -0.28%
Adjusted %AC: 5.46%

AASHTO T-209 Test Results
Theorectical Max. Specific Gravity, Bowl Determination

Binder Content, %AC 5.46% 5.46%
Bowl Number 1 2
Weight of Bowl in Air, g 2192 2197.1
Weight of Bowl in Water, g 1383.9 1387
Test Weights
Weight of Sample + Bowl in Air, g 3711.8 3713.3
Weight of Sample + Bowl in Water, g 2293 2295.9
Calculations
Weight of Sample in Air, g 1519.8 1516.2
Weight of Sample in Water, g 909.1 908.9
Theoretical Max. Specific Gravity,
Gmm 2.489 2.497
Average Gmm 2.493

Effective Stone Gravity Calculations (Gse)

Binder Content, %AC 5.46%

Specific Gravity of AC 1.031
Theoretical Max. Specific Gravity, Gmm 2.493
Effective Stone Gravity, Gse 2.715

AASHTO T-166 Test Results

Bulk Specific Gravity of Compacted Bituminous Mixtures

Binder Content, %AC 5.46% 5.46%

Dry Weight in Air, g 4803.0 4798.5

Submerged Weight, g 2836.3 2834.0

SSD Weight, g 4808.5 4803.6

Bulk Specific Gravity, Gmb 2.435 2.436

% Water Absorbed by Volume 0.28% 0.26%

Theoretical Max. Specific Gravity, Gmm 2.493 2.493
% Voids in Total Mix (VTM) 2.3 2.3
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Gradation Test Results

Sieve Size % Passing
37.5mm
(1.5 100.0
25mm (1") 100.0
19mm (3/4") 100.0
12.5mm
(/2" 98.6
9.5mm (3/8") 92.0
4.75mm
(No.4) 66.6
2.36mm
(No.8) 45.9
1.18mm
(No.16) 32.7
600um
(No.30) 24.3
300um
(No.50) 18.0
150um
(No.100) 12.8
75um
(No.200) 7.7
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Table B-2 GDOT Basic Mix Volumetric Test — Evothem Mix

Asphalt Content

Test Result: 5.53%
Calibration Factor: -0.28%
Adjusted %AC: 5.81%

AASHTO T-209 Test Results
Theorectical Max. Specific Gravity, Bowl Determination

Binder Content, %AC 5.81% 5.81%
Bowl Number 1 2
Weight of Bowl in Air, g 2192 2197.1
Weight of Bowl in Water, g 1383.9 1387
Test Weights
Weight of Sample + Bowl in Air, g 3707.6 3712.6
Weight of Sample + Bowl in Water, g 2287.5 2291.7
Calculations
Weight of Sample in Air, g 1515.6 1515.5
Weight of Sample in Water, g 903.6 904.7
Theoretical Max. Specific Gravity,
Gmm 2.476 2.481
Average Gmm 2.479

Effective Stone Gravity Calculations (Gse)

Binder Content, %AC 5.81%

Specific Gravity of AC 1.031
Theoretical Max. Specific Gravity,

Gmm 2.479

Effective Stone Gravity, Gse 2.714

AASHTO T-166 Test Results

Bulk Specific Gravity of Compacted Bituminous Mixtures

Binder Content, %AC 5.81% 5.81%
Dry Weight in Air, g 5046.0 5042.2
Submerged Weight, g 2978.5 2983.9
SSD Weight, g 5050.2 5046.7
Bulk Specific Gravity, Gmb 2.436 2.444
% Water Absorbed by Volume 0.20% 0.22%
Theoretical Max. Specific Gravity,
Gmm 2.479 2.479
% Voids in Total Mix (VTM) 1.7 1.4
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Gradation Test Results

Sieve Size % Passing
37.5mm
(1.5 100.0
25mm (1") 100.0
19mm (3/4") 100.0
12.5mm
(/2" 98.2
9.5mm (3/8") 91.5
4.75mm
(No.4) 61.6
2.36mm
(No.8) 42.1
1.18mm
(No.16) 30.3
600um
(No.30) 22.8
300um
(No.50) 17.0
150um
(No.100) 12.1
75um
(No.200) 7.6
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Table B-3 GDOT Basic Mix Volumetric Test — RediseMix

Asphalt Content

Test Result: 5.60%
Calibration Factor: -0.28%
Adjusted %AC: 5.88%

AASHTO T-209 Test Results
Theorectical Max. Specific Gravity, Bowl Determination

Binder Content, %AC 5.88% 5.88%
Bowl Number 1 2
Weight of Bowl in Air, g 2192 2197.1
Weight of Bowl in Water, g 1383.9 1387
Test Weights
Weight of Sample + Bowl in Air, g 3709.3 3714
Weight of Sample + Bowl in Water, g 2291.5 2295
Calculations
Weight of Sample in Air, g 1517.3 1516.9
Weight of Sample in Water, g 907.6 908
Theoretical Max. Specific Gravity,
Gmm 2.489 2.491
Average Gmm 2.490
Effective Stone Gravity Calculations (Gse)
Binder Content, %AC 5.88%
Specific Gravity of AC 1.031
Theoretical Max. Specific Gravity,
Gmm 2.490
Effective Stone Gravity, Gse 2.731

AASHTO T-166 Test Results
Bulk Specific Gravity of Compacted Bituminous Mixtures

Binder Content, %AC 5.88% 5.88%
Dry Weight in Air, g 4800.7 4800.8
Submerged Weight, g 2850.8 2848.5
SSD Weight, g 4805.6 4805.3
Bulk Specific Gravity, Gmb 2.456 2.453
% Water Absorbed by Volume 0.25% 0.23%
Theoretical Max. Specific Gravity,
Gmm 2.490 2.490
% Voids in Total Mix (VTM) 1.4 1.5
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Gradation Test Results

Sieve Size % Passing
37.5mm
(1.5") 100.0
25mm (1") 100.0
19mm (3/4") 100.0
12.5mm
(2/2") 99.1
9.5mm (3/8") 91.4
4.75mm
(No.4) 64.4
2.36mm
(No.8) 44.1
1.18mm
(No.16) 31.5
600um
(No.30) 23.7
300um
(No.50) 17.9
150um
(N0.100) 12.8
75um
(N0.200) 7.8
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Table B-4 GDOT Basic Mix Volumetric Test — CecabasRT Mix

Asphalt Content

Test Result: 5.55%
Calibration Factor: -0.28%
Adjusted %AC: 5.83%

AASHTO T-209 Test Results
Theorectical Max. Specific Gravity, Bowl Determination

Binder Content, %AC 5.83% 5.83%
Bowl Number 1 2
Weight of Bowl in Air, g 2192 2197.1
Weight of Bowl in Water, g 1383.9 1387
Test Weights
Weight of Sample + Bowl in Air, g 3710.3 3713
Weight of Sample + Bowl in Water, g 2289.4 2290.7
Calculations
Weight of Sample in Air, g 1518.3 1515.9
Weight of Sample in Water, g 905.5 903.7
Theoretical Max. Specific Gravity,
Gmm 2.478 2.476
Average Gmm 2.477
Effective Stone Gravity Calculations (Gse)
Binder Content, %AC 5.83%
Specific Gravity of AC 1.031
Theoretical Max. Specific Gravity,
Gmm 2.477
Effective Stone Gravity, Gse 2.712

AASHTO T-166 Test Results
Bulk Specific Gravity of Compacted Bituminous Mixtures

Binder Content, %AC 5.83% 5.83%
Dry Weight in Air, g 4801.5 4799.4
Submerged Weight, g 2829.4 2830.0
SSD Weight, g 4806.1 4804.1
Bulk Specific Gravity, Gmb 2.429 2.431
% Water Absorbed by Volume 0.23% 0.24%
Theoretical Max. Specific Gravity,
Gmm 2477 2.477
% Voids in Total Mix (VTM) 1.9 1.8
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Gradation Test Results

Sieve Size % Passing
37.5mm
(1.5") 100.0
25mm (1") 100.0
19mm (3/4") 100.0
12.5mm
(2/2") 98.4
9.5mm (3/8") 94.3
4.75mm
(No.4) 69.0
2.36mm
(No.8) 46.5
1.18mm
(No.16) 32.8
600um
(No.30) 24.3
300um
(No.50) 18.1
150um
(N0.100) 12.8
75um
(N0.200) 8.0
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Table B-5 GDOT Moisture Susceptibility Test— Contol Mix

Control Conditioned
Sample Number 2 3 4 1 5 6
Binder
Content, % 5.46% 5.46% 5.46% 5.46% 5.46% 5.46%
Height (mm) 95.0 95.0 95.1 95.0 95.0 95.0
Dry Weight in Air | 3792.8 3789.0 | 3787.7 3786.3 | 3788.0 | 37914
Submerged
Weight 2183.8 2162.6 | 2169.4 2173.9 | 2171.7 | 2176.6
SSD Weight 3821.3 3811.7 | 3811.9 3813.5 | 3813.6 | 38155
Bulk Specific
Gmb 2.316 2.298 2.306 2.309 2.307 2.313
Theoretical Gmm 2.493 2.493 2.493 2.493 2.493 2.493
% Voids (VTM) 7.077 7.823 7.485 7.355 7.444 7.191
Control Conditioned
Sample 2 3 4 1 5 6
Stability (Ibs) 3886 3847 3967 3880 4415 4447
Height (inches) 3.74 3.74 3.74 3.74 3.74 3.74
Strip Rating - - - 1 1 1
PSI 110.237 | 109.131 | 112.417 | 110.595 | 110.067 | 125.244 | 126.152 | 120.487
Average Average
%Retained | 108.9%
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Table B-6 GDOT Moisture Susceptibility Test— Evotlerm Mix

Control Conditioned
Sample Number 3 4 5 1 2 6
Binder
Content, % 5.81% 5.81% | 5.81% 5.81% | 5.81% | 5.81%
Height (mm) 95.0 95.0 95.1 95.0 95.0 95.0
Dry Weight in Air 3793.7 3791.2 | 3789.2 3789.7 | 3789.2 | 3789.5
Submerged
Weight 2172.2 2170.1 | 2164.5 21744 | 2166.8 | 2168.0
SSD Weight 3820.6 3808.1 | 3806.1 3814.8 | 3806.5 | 3807.4
Bulk Specific
Gmb 2.301 2.315 | 2.308 2.310 2.311 2.312
Theoretical Gmm 2.479 2.479 | 2.479 2.479 2.479 2.479
% Voids (VTM) 7.156 6.628 | 6.882 6.801 6.774 6.749
Control Conditioned
Sample 3 4 5 1 2 6
Stability (Ibs) 3384 2836 2803 3578 3215 3693
Height (inches) 3.74 3.74 3.74 3.74 3.74 3.74
Strip Rating - - - 1 1 1
PSI 95.997 80.451 | 79.431 | 85.293 | 101.500 | 91.202 | 104.762 | 99.155
Average Average
%Retained 116.3%
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Table B-7 GDOT Moisture Susceptibility Test— Redist Mix

Control Conditioned
Sample Number 2 3 4 1 5 6
Binder
Content, % 5.88% 5.88% | 5.88% 5.88% | 5.88% | 5.88%
Height (mm) 95.0 95.0 95.1 95.0 95.0 95.0
Dry Weight in Air 3795.0 3790.4 | 3789.5 3789.5 | 3789.2 | 3787.3
Submerged
Weight 2187.1 2178.9 | 2183.9 2184.0 | 2178.9 | 2177.3
SSD Weight 3820.2 3815.9 | 3815.2 3812.6 | 3811.0 | 3813.3
Bulk Specific
Gmb 2.324 2.315 | 2.323 2.327 2.322 2.315
Theoretical Gmm 2.490 2.490 | 2.490 2.490 2.490 2.490
% Voids (VTM) 6.671 7.006 | 6.704 6.549 6.757 7.026
Control Conditioned
Sample 2 3 4 1 5 6
Stability (Ibs) 3133 2499 2506 3163 3127 3191
Height (inches) 3.74 3.74 3.74 3.74 3.74 3.74
Strip Rating - - - 1 1 1
PSI 88.876 70.891 | 71.015 | 76.927 | 89.727 | 88.706 | 90.522 89.652
Average Average
%Retained 116.5%
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Table B-8 GDOT Moisture Susceptibility Test— Cecalse RT Mix

Control Conditioned
Sample Number 1 3 6 2 5 4
Binder
Content, % 5.83% 5.83% | 5.83% 5.83% | 5.83% | 5.83%
Height (mm) 95.0 95.0 95.1 95.0 95.0 95.0
Dry Weight in Air 3790.8 3788.2 | 3785.7 3791.7 | 3788.8 | 3789.4
Submerged
Weight 2170.2 2168.2 | 2163.8 2169.4 | 2167.6 | 2170.9
SSD Weight 3812.6 3808.8 | 3804.9 3812.0 | 3810.1 | 3811.2
Bulk Specific
Gmb 2.308 2.309 | 2.307 2.308 2.307 2.310
Theoretical Gmm 2.477 2477 | 2.477 2.477 2.477 2.477
% Voids (VTM) 6.815 6.777 | 6.867 6.805 6.870 6.731
Control Conditioned
Sample 1 3 6 2 5 4
Stability (Ibs) 3268 2695 2597 3208 3054 3020
Height (inches) 3.74 3.74 3.74 3.74 3.74 3.74
Strip Rating - - - 2 1 2
PSI 92.706 76.451 | 73.594 | 80.917 | 91.004 | 86.635 | 85.671 87.770
Average Average
%Retained 108.5%
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Table B-9 GDOT Rutting Susceptibility Test (APA) —Control Mix

Testingtemp,C | 64 |
Sample Number 1 2 3 4 5 6
Height, mm 75.0 75.0 75.0 75.0 75.0 75.0
Dry Weight in Air, g 3050.1 | 3043.8 | 3043.3 | 3041.3 | 3042.7 | 3043.5
Submerger Weight, g 1773.8 | 1762.7 | 1763.5 | 1758.9 | 1761.3 | 1764.8
SSD Weight, g 3065.0 | 3057.7 | 3057.2 | 3052.7 | 3055.0 | 3057.2
Gmb 2.362 | 2.350 | 2.352 | 2.351 | 2.352 | 2.355
Gmm 2493 | 2.493 | 2.493 | 2.493 | 2.493 | 2.493
Air Voids, % 5.2 5.7 5.6 5.7 5.6 5.5
POSITION LEFT PILLS CENTER PILLS RIGHT PILLS
SAMPLE
# 1 AVG. 4 AVG. 5 AVG.
FWD FWD FWD AFT
READING FWD CTR AFT CTR AFT RUT FWD CTR AFT CTR AFT RUT FWD CTR CTR AFT RUT
0 12.35 12.34 | 12.27 12.12 12.06 12.16 13.06 | 13.24 12.70 | 1317 | 12.79 | 12.85
8000 6.71 7.72 6.55 6.33 7.25 7.70 7.92 8.24 5.91 5.63 5.66 6.13
DEF,
mm 5.64 4.62 5.72 5.79 5.44 4.81 4.46 5.14 500 | 4.85 6.79 7.54 7.13 6.72 | 7.05
AVERAGE
DEFORMATION= 5.78 mm
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Table B-10 GDOT Rutting Susceptibility Test (APA)- Evotherm Mix

Testingtemp,C | 64 |
Sample Number 1 2 3 4 5 6
Height, mm 75.0 75.0 75.0 75.0 75.0 75.0
Dry Weight in Air, g 3047.9 | 3044.9 | 3045.6 | 3044.9 | 3044.0 | 3044.3
Submerger Weight, g 1761.9 | 1759.8 | 1759.8 | 1760.9 | 1756.4 | 1756.9
SSD Weight, g 3057.6 | 3053.7 | 3053.7 | 3053.8 | 3053.9 | 3052.3
Gmb 2.352 | 2.353 | 2.354 | 2.355 | 2.346 | 2.350
Gmm 2479 | 2.479 | 2.479 | 2479 | 2.479 | 2.479
Air Voids, % 5.1 5.1 5.0 5.0 5.4 5.2
POSITION LEFT PILLS CENTER PILLS RIGHT PILLS
SAMPLE
# 1 2 AVG. 3 6 AVG. 4 5 AVG.
FWD FWD FWD AFT
READING FWD CTR AFT CTR AFT RUT FWD CTR AFT CTR AFT RUT FWD CTR CTR AFT RUT
0 11.02 12.18 | 1263 12.82 12.50 12.31 12.94 | 13.33 12.26 | 12.37 | 12.65 | 13.08
8000 6.09 6.63 6.63 7.14 7.09 7.09 6.81 7.14 430 | 452 | 359 | 445
DEF,
mm 4.93 5.55 6.00 5.68 5.54 5.41 5.22 6.13 6.19 | 5.74 796 | 785 | 906 | 863 | 838
AVERAGE
DEFORMATION= 6.55 mm
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Table B-11 GDOT Rutting Susceptibility Test (APA)- Rediset Mix

Testingtemp,C | 64 |
Sample Number 1 2 3 4 5 6
Height, mm 75.0 75.0 75.0 75.0 75.0 75.0
Dry Weight in Air, g 3043.1 | 3037.6 | 3039.6 | 3043.7 | 3041.0 | 3042.3
Submerger Weight, g 1760.6 | 1755.3 | 1753.1 | 1760.3 | 1759.3 | 1763.5
SSD Weight, g 3055.6 | 3048.1 | 3048.8 | 3052.0 | 3051.7 | 3053.2
Gmb 2.350 | 2.350 | 2.346 | 2.356 | 2.353 | 2.359
Gmm 2490 | 2.490 | 2.490 | 2.490 | 2.490 | 2.490
Air Voids, % 5.6 5.6 5.8 5.4 5.5 5.3
POSITION LEFT PILLS CENTERPILLS RIGHT PILLS
SAMPLE
# 1 AVG. 5 AVG. 6 AVG.
FWD FWD FWD AFT
READING FWD CTR AFT CTR AFT RUT FWD CTR AFT CTR AFT RUT FWD CTR CTR AFT RUT
0 11.65 12,57 | 12.71 12.67 12.46 12.62 12.98 | 12.96 11.88 | 11.91 | 12.91 | 12.99
8000 6.66 7.72 6.59 6.69 7.07 6.74 6.30 6.66 6.54 6.27 6.52 7.02
DEF,
mm 4.99 4.85 6.12 5.98 5.49 5.39 5.88 6.68 6.30 | 6.06 5.34 5.64 6.39 597 | 5.84
AVERAGE
DEFORMATION= 579 | mm
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Table B-12 GDOT Rutting Susceptibility Test (APA)- Cecabase RT Mix

Testingtemp,C | 64 |
Sample Number 1 2 3 4 5 6
Height, mm 75.0 75.0 75.0 75.0 75.0 75.0
Dry Weight in Air, g 3044.1 | 3043.4 | 3044.8 | 3050.3 | 3042.2 | 3040.8
Submerger Weight, g 1755.6 | 1755.8 | 1758.0 | 1761.4 | 1753.2 | 1750.7
SSD Weight, g 3053.7 | 3051.9 | 3053.4 | 3057.3 | 3049.8 | 3048.0
Gmb 2.345 | 2.348 | 2.350 | 2.354 | 2.346 | 2.344
Gmm 2477 | 2477 | 2477 | 2477 | 2477 | 2.477
Air Voids, % 5.3 5.2 5.1 5.0 5.3 5.4
POSITION LEFT PILLS CENTER PILLS RIGHT PILLS
SAMPLE
# 1 AVG. 5 AVG. 4 AVG.
FWD FWD FWD AFT
READING FWD CTR AFT CTR AFT RUT FWD CTR AFT CTR AFT RUT FWD CTR CTR AFT RUT
0 13.49 1349 | 13.49 13.49 12.61 11.93 10.77 | 10.89 11.94 | 11.94 | 12.78 | 12.66
8000 7.01 7.67 6.94 7.39 7.35 7.04 5.47 6.19 5.55 5.53 5.48 6.76
DEF,
mm 6.48 5.82 6.55 6.10 6.24 5.26 4.89 5.30 470 | 5.04 6.39 6.41 7.30 590 | 6.50
AVERAGE
DEFORMATION= 5.93 mm
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Table B-13 GDOT DSR Test — Control Mix (1)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)
Instrument Serial No: 99/008000/BOH/A/007 Temp. Control: Water Bath
Summary Sheet: SHRP Software: Version 5.07

File Name: C:\DSR\00010001.ARP
Parameters:
Measurement Type: High Temperature Range
Target Temperature: 60.0 °C
Strain Amplitude: 10.00 percent
Plate Diameter: 25.0 mm
Plate Gap: 1.000 mm
Equilibration Time: 10.0 minutes

Ancillary Info:

Operator ID: Operator 001
Sample ID: Sample0GO01
Sample Type: Original Binder
Test Number: 0001

Measurement Results: 11/7/2009 11:00:03 AM
Modulus (G*): 5.5992E3 Pascal
Phase Angle (delta): 83.3 degrees
G*/sin(delta) : 5.6375E3 Pascal
Strain Amplitude: 10.39 percent
Final Temperature: 6.0 E
Osc. Frequency: 10.08 radians/second
Test Status: PASSED

Operator Notes:
Title: Bohlin DSR Software Version 5.05
Conventional Mix 10/30
/09 15%
CSSTP-M003-00(837)01 Monroe
Reeves Construction 9.5 II

DOT 170 SAMPLE CARD FOR ALL MATERIAL

|£ale Received WV 05 o OMR Sample #_4)7 SS7—|
Project No. _( {.[ T_P"/’)DQJ" 5 ﬂ‘)i .g 7)0’ County /loaroe
Material___%. (" Z

Size or Type
Date Sampled__ /¢~ (0 - 29 Sample No.
Sampled Fromiz- LA Sample Represents 1%
Producer or Property Owner il

Location_ﬂ/t urt  Payte//
Contractor R.r;n/p £ Loty s s

Examined For_mi_% A(u’“"’( Pay ltem No.__ /0 2
Used In Subrited By *Zast vcln
Remarks: (7. (/¥ L © —af —ao- O
L-PALJIHTL(J“} e ﬁ/ l,)nft\-' ,/").»"e Arfr e §
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Table B-14 GDOT DSR Test — Control Mix (2)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)
Instrument Serial No: 99/008000/BOH/A/007 Temp. Control: Water Bath
Summary Sheet: SHRP Software: Version 5.07

File Name: C:\DSR\00010002.ARP
Parameters:
Measurement Type: High Temperature Range
Target Temperature: 60.0 °C
Strain Amplitude: 10.00 percent
Plate Diameter: 25.0 mm
Plate Gap: 1.000 mm
Equilibration Time: 10.0 minutes

Ancillary Info:

Operator ID: Operator 001
Sample ID: Sample0001
Sample Type: Original Binder
Test Number: 0002

Measurement Results: 11/7/2009 11:14:41 AM
Modulus (G*): 5.3325E3 Pascal
Phase Angle (delta): 83.1 degrees
G*/sin(delta): 5.3718BE3 Pascal
Strain Amplitude: 10.21 percent
Final Temperature: 60.0 °C
@sc. Frequency: 10.08 radians/second
Test Status: PASSED

Operator Notes:
Title: Bohlin DSR Software Version 5.05
Conventional Mix 10/30
/09 15%
CSSTP-M0O03-00(837)01 Monroe
Reeves Construction 9.5 II

DOT 170 SAMPLE CARD FOR ALL MATERIAL

Date ﬂeceived%i OMR Sample #MZ|
Project No. _(( ([ T'/ll’)a-?? > ad?} 2o County [ loaroe
Material___7. (" Z Size or Type
Date Sampled__ /2~ {0 - © 7 Sample No.
Sampled From_fz=« A Sample Represents__/ 1~ 9,
Producer or Property Owner. S 7

Location i/gwf Pastel!

Contractor. BQM /_:)\\I'/’w i

Examined For_'@ %9\ Ao Pay ltem No.__ /O 2

Used In Submineé By //:-/ ’%’Géﬂ &
Remarks: (ZD: {/f¥L© -af—~00-O

[DA-J(A'/’(‘J\A; O Lo Lsrnn [ Arff v e N
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Table B-15 GDOT DSR Test — Evotherm Mix (1)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)
Instrument Serial No: 99/008000/BOH/A/007 Temp. Control: Water Bath
Summary Sheet: SHRP Software: Version 5.07

File Name: C:\DSR\00010001.ARP

Parameters:
Measurement Type: High Temperature Range
Target Temperature: 60.0 °C
Strain Amplitude: 10.00 percent
Plate Diameter: 25.0 mm
Plate Gap: 1.000 mm
Equilibration Time: 10.0 minutes

Ancillary Info:

Operator 1ID: Operator 001
Sample ID: Sample0001
Sample Type: Original Binder
Test Number: 0001

Measurement Results: 11/5/2009 11:51:37 AM
Modulus (G*): 5.3483E3 Pascal
Phase Angle (delta): 83.0 degrees
G*/sin(delta) : 5.3889E3 Pascal
Strain Amplitude: 10.20 percent
Final Temperature: 60.0 °C
Osc. Frequency: 10.08 radians/second
Test Status: PASSED

Operator Notes:
Title: Bohlin DSR Software Version 5.05 [Instrument]=INT DSR 007

= SHRP MODE [Sample]=< Enter Sample Details > COMMENTS:

Jo [24le5
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Table B-16 GDOT DSR Test — Evotherm Mix (2)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)
Instrument Serial No: 99/008000/BOH/A/007 Temp. Control: Water Bath
Summary Sheet: SHRP Software: Version 5.07

File Name: C:\DSR\00(010002.ARP
Parameters:
Measurement Type: High Temperature Range
Target Temperature: 60.0 °C
Strain Amplitude: 10.00 percent
Plate Diameter: 25.0 mm
Plate Gap: 1.000 mm

Equilibration Time: 10.0 minutes

Ancillary Info:

Operator ID: Operator 001
Sample ID: Sample0001
Sample Type: Criginal Binder
Test Number: 0002

Measurement Results: 11/5/2009 1:42:08 PM
Modulus (G*): 5.3370E3 Pascal
Phase Angle (delta): 82.9 degrees
G*/sin(delta) : 5.3781E3 Pascal
Strain Amplitude: 10.15 percent
Final Temperature: 60,0 2¢
Osc. Frequency: 10.08 radians/second
Test Status: PASSED

Operator Notes:
pe = Title: Bohlin DSR Software Version 5.05 [Instrument]=INT DSR 00?2
51 ] P MODE [Samplel=< Enter Sample Details > COMMENTS:
EVO W
arm Mix [0[2@109
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Table B-17 GDOT DSR Test — Rediset Mix (1)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)
Instrument Serial No: 99/008000/BOH/A/007 Temp. Control: Water Bath
Summary Sheet: SHRP Software: Version 5.07

File Name: C:\DSR\00010003.ARP
Parameters:
Measurement Type: High Temperature Range
Target Temperature: 60.0 °C
Strain Amplitude: 10.00 percent
Plate Diameter: 25.0 mm
Plate Gap: 1.000 mm

Equilibration Time: 10.0 minutes

Ancillary Info:

Operator ID: Operator 001
Sample ID: Sample0001
Sample Type: Original Binder
Test Number: 0003

Measurement Results: 11/7/2009 11:29:02 AM
Modulus (G*): 5.2707E3 Pascal
Phase Angle (delta): 80.0 degrees
G*/sin(delta): 5.3527E3 Pascal
Strain Amplitude: 10.05 percent
Final Temperature: 60..0 *C
Osc. Frequency: 10.08 radians/second
Test Status: PASSED

Operator Notes:
Title: Bohlin DSR Software Version 5.05
Redi= Mix - (Warm Mix)
11/03/09 15%
CSSTP-M0O03-00(837)01 Monroe
Reeves Construction 9
«5 II

DOT 170 SAMPLE CARD FOR ALL MATERIAL

f Date Recewed"ﬁ__vﬂé_, OMR Sample #MJ
Project No. CUTP-A ’50‘$~ 03({’]7] 2/ County /170 ngo—€

Material q I ._?Z_ Size or Type

Date Sampled //, - 09 Sample No. -
Sampled From__/ /¢ k Sample Represents i

T 7%
Producer or Property Owner.

Location Ree vt o 4l g
Contractor_ﬁ;_ﬂi"(__f /hr7”»« (Al
Examined For(J e e AU—D-’//H Pay Item No. L/a L
Used In Submitted By%/ A"/f’h s~
Remarks:C 24 ° ﬁ]}lﬁ.f) r),[,_- ﬁ—no - c_)

f ’7’:-/: - b-9~/-\.. L ﬁ/_te e §
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Table B-18 GDOT DSR Test — Rediset Mix (2)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)
Instrument Serial No: 99/008000/BOH/A/007 Temp. Control: Water Bath
Summary Sheet: SHRP Software: Version 5.07

File Name: C:\DSR\00010004.ARP
Parameters:
Measurement Type: High Temperature Range
Target Temperature: 60.0 °C
Strain Amplitude: 10.00 percent
Plate Diameter: 25.0 mm
Plate Gap: 1.000 mm

Equilibration Time: 10.0 minutes

Ancillary Info:

Operator ID: Operator 001
Sample ID: Sample0001
Sample Type: Original Binder
Test Number: 0004

Measurement Results: 11/7/2009 11:39:06 AM
Modulus (G*): 5.2728E3 Pascal
Phase Angle (delta): 80.1 degrees
G*/sin (delta) : 5.3526E3 Pascal
Strain Amplitude: 10.17 percent
Final Temperature: 60.0 °C
Osc. Frequency: 10.08 radians/second
Test Status: PASSED

Operator Notes:
Title: Bohlin DSR Software Version 5.05
Redi- Mix (Warm Mix)
11/03/09 15%
CSSTP-M003-00{837)01 Monroe
Reeves Construction 9

«8 EE
DOT 170 SAMPLE CARD FOR ALL MATERIAL
Date Received Nﬁvu LY. OMR Sample #M
€G0S
Project No. CUTP- ’aa'ﬁ— 0'7({'\”] 2/ County /‘75'1/ 2
Material q L 7 Size or Type
Date Sampled ,/,/f - 09 Sample No.
Sampled From (//rf"‘“v K Sample Represents i v
Producer or Property Owner, Ll
Location__¢e e ¢ 0 1V s

Contractor_ﬁrgu/e i C'xf'/’"' (Al i
Examined Formm_‘i‘ﬂﬁ,__ Pay Item No. L/ ol

Used In Submitted Byr 7 - 2 tn s -
Remarks: CZJ " ﬁ.’_}lﬁ.D —Of— 2eo . O )
Aol LA Q,.Z/"’/f’-/( i fourmy _/'I-.'\ Aeder—c §
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Table B-19 GDOT DSR Test — Cecabase RT Mix (1)

Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)

Instrument Serial No:
Summary Sheet:

File Name:

Parameters:
Measurement Type:

Target Temperature:

Strain Amplitude:
Plate Diameter:
Plate Gap:

Equilibration Time:

Ancillary Info:
Operator ID:
Sample ID:
Sample Type:
Test Number:

Measurement Results:
Modulus (G*):
Phase Angle
G*/sin(delta) :
Strain Amplitude:
Final Temperature:
Osc. Frequency:
Test Status:

Operator Notes:
Title:
(Warm Mix)
11/04/09 15%

CSSTP-M003-00(837)01 Monroe

Reeves Construction 9
T

DOT 170

99/008000/BOH/A/007
SHRP Software:

(delta) :

Temp. Control: Water Bath

Version 5.07

C:\DSR\00010005.ARP

High Temperature Range
60.0 °C

10.00 percent

25.0 mm

1.000 mm

10.0 minutes

Operator 001
Sample0001
Original Binder
0005

11/7/2009 11:51:08 AM
5.6202E3 Pascal

78.5 degrees

5.7363E3 Pascal

10.44 perecént

60.0 °C

10.08 radians/second
PASSED

Bohlin DSR Software Version 5.05

SAMPLE CARD FOR ALL MATERIAL

[ Date Heceivedjﬂ_v_ﬁ 2000

OMR Sample #_70 7055 7% I

Project No. CLP-09) - vo (£32) D) County /‘79«/ s <

Material

oL FT

Date Sampled__/f_~{~ ©°)
Sampled From_"/ 7~ k

Producer or Property Owner.
ﬂ ré [

Location

o, Size or Type —
Sample No.

Sample Represents

AL
7t

ﬁﬂJ%Q/V

Contractorgﬂ 4T o (o m_f/ﬂ- C}IJFJ A

Examined Forﬁ.&.{.u_ﬂ_f_{‘m_ Pay Item No.__“~/{D 3

Used In

Submitted By =7 o/ e e ~

Fl.er'narkszcm 2 e;JlbD R T =

(;f”!Q

el P 7[;/ RN A
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Table B-20 GDOT DSR Test — Cecabase RT Mix (2)

' Bohlin DSR Project - SHRP Pass/Fail Mode (Strain Controlled)

Instrument Serial No:
Summary Sheet:

I&%e Name:

Parameters:
Measurement Type:
Target Temperature:
Strain Amplitude:
Plate Diameter:
Plate Gap:
Equilibration Time:

Ancillary Info:
Operator ID:
Sample ID:
Sample Type:
Test Number:

Measurement Results:
Modulus (G*):
Phase Angle (delta):
G*/sin (delta) :
Strain Amplitude:
Final Temperature:
Osc. Frequency:
Test Status:

Operator Notes:

Title:
Ceca Mix (Warm Mix) 11/
04/09 15%

CSSTP-M0O003-00(837)01 9.5 IT

DOT 170

99/008000/BOH/A/007
SHRP Software:

Temp. Control: Water Bath

Version 5.07

C:\DSR\00010001.ARP

High Temperature Range
60.0 °C

10.00 percent

25.0 mm

1.000 mm

10.0 minutes

Operator 001
Sample0001
Original Binder
0001

11/7/2009 12:12:44 PM
5.7218E3 Pascal

78.4 degrees

5.8408E3 Pascal

10.37 percent

600 *E

10.08 radians/second
PASSED

Bohlin DSR Software Version 5.05

SAMPLE CARD FOR ALL MATERIAL

[ Date Received

OMR Sample #_J0 G055 7% _|

Project No. Frrrﬁlmao?—ao?&w) 0/ County_fDo~r o <

Material

—
°1f /[, s Size or Type

Date Sampled /A - 09
Sampled From
Producer or Property Owner.
Location ﬂ e

Sample No.

Truck

L
70

Sample Represents

panQ/V

Contractoqﬂ f{vef ('D-\\‘ff//'- c/h 2

Examined Forﬁ_.!\_ﬂh_ﬂ_{_wzg_ Pay Item No.__ /D 2

Used In

Submitted By 7 /

tf'r//L--ﬂx

Hel;narkszczz : g;]lbo —of wo2-"O

(}(“ﬂy

O‘Inlnjl‘Vl"V/ ;[q\’ LAiran M:" 1"’(”‘*
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APPENDIX C WARM-MIX ASPHALT HYDROCARBON EMISSIONS
SCOPING STUDY

Report entitled, “Warm-Mix Asphalt Hydrocarbon Esigns Scoping Study” prepared by A.
Samoylov and M. Rodgers
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Warm-Mix Asphalt Hydrocarbon Emissions
Scoping Study

Alexander Samoylov &
Michael Rodgers, Ph.D

Georgia Research
Tech | Instftute

Air Quality Group
Aerospace, Transportation and Advanced Systemsratiry

February 2010
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| ntroduction

This report provides results of a preliminary sogpstudy to determine the relative magnitude of
hydrocarbon emissions arising from the use of wariwarm mix asphalt (WMA) blends being
considered for use by the Georgia Department afidpartation. An important consideration in
the use of all asphalt mixtures is their poterfbalemissions of Volatile Organic Compounds
(VOC) that are important precursors to photochehsigaog and the creation of secondary fine
particulate matter (PM2.5). Significant increasedecreases in VOC emissions from these
WMA mixtures relative to current asphalts couldhertpositively or negatively impact their
desirability as a replacement for current mixtures.

Determination of absolute emissions rates from strii processes is normally a costly and
difficult process as these emissions rates ar@ stt®ngly impacted by local environmental
conditions and normal variations in the procesadpeneasured. This natural variability means
that obtaining good quantitative results normadigiuires a large number of replicate
measurements across a range of environmental acdgs conditions with extensive
micrometeorological support and specialized insentation and apparatus. As a result, these
guantitative experiments tend to be time consuraimgjcostly and tend to be limited to those
emissions that are both significant and likely éoslibstantially different from other processes in
which the emissions rates are already known. lismréason, scoping studies are often
undertaken to ascertain whether emissions fromnapmecess are likely to be substantially
different from the one that it replaces. This stu@s conceived as a “first look” or scoping
study to determine whether VOC emissions from tM#8#A mixtures were significantly higher,
lower or comparable to those observed from a cuagphalt mix and to ascertain the need for a
more comprehensive study.

Measurement Approach

The basic study approach was to compare observét ddcentrations just above surface of
various WMA blends with those associated with aticmix using both free air and an open
topped chamber (cone). Measurements of surfacedluging near surface concentration
measurements normally require the use of eddylatioe, gradient or Bowen ratio methods that
require substantial ancillary micrometeorologic&asurements in addition to the concentration
measurements. In the case of asphalt mixturesnéad for extensive supporting meteorological
measurements is greatly reduced since the sudageetrature of the asphalt mix (260 to 300
degrees Fahrenheit) is so high relative to th#h@fambient air that the near surface energy
balance is almost completely controlled by the altphix at least so long as the surface winds
are not too high. Thus for this scoping study mearsents were limited to evaluation of the near
surface concentration gradients and exhaust camtems from the open topped chambers
based on the assumption that ventilation ratescediby the surface temperature conditions
were comparable for all of the mixtures. Whilecotirse, this approximation is not strictly true
due to variations in environmental conditionssibelieved to be a sufficiently accurate to
determine if the relative emissions from the WMAxtares were significantly (i.e. more than a
factor of two) higher or lower or comparable tottbhthe control mix.
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All VOC measurements made during the study wertopeed using a Siemens Ultramat 23®
Non-Dispersive Infrared (NDIR) detector equippethva heated type 316 stainless steel inlet
system. Measurements were made at distances 30,1@nd 100 cm above the surface of the

asphalt mixtures in open air and at the exhaust frosariety of simple open-topped chambBers
with a six second measurement update cycle.

These VOC measurements were conducted on WMA negtcontaining three different
additives as well as a control mixture that wasgutar mixture approved by Georgia
Department of Transportation for use on state ro&le additives used in the WMA mixtures
used in this study were provided by Evotherm, Redend CECA. The VOC measurements on
the asphalt mixtures were performed in two sepdoatgions. The first of these locations was at
the asphalt plant operated by Aggregate USA neaiolMlaGA. The second location was at a
paving site on State Route 42 near Forsyth, GAhBmtations are illustrated on Figure 1 below.
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Figure 1: Locat|on of asphalt plant and paving si¢ used for study measurements

Table 1 gives more specific information regarding measurement program including
measurement day, general environmental conditesphalt temperatures and pavement status.

® These chambers were employed to reduce the iropadhd conditions. As many of these chambers were
standard traffic cones these chambers are markibisineport as cones (See cone description in AgpeA).

95



Table 3: Study Conditions

Asphalt Temperature
Additive Temp Temp Wind .- P P Pavement | Pavement
Day# Date Morning, | Afternoon, I, Humidity
Measured Conditions Rolled Unrolled
(deg F) (deg F) 300F | 280F 260F
1 10/29/2009 Evotherm 40-45 55-60 Strong Medium X
Low
2 | 10/302000 | REAISEL/ |44 45 50-55 Light High X X X
Control
Mix
3 11/3/2009 Rediset 40-45 55-60 Moderate Mediym X X
4 11/4/2009 CECA 45-50 60-65 Light Medium X X X X X
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Asphalt Plant Measurements

The VOC measurements at the asphalt plant shdtdy, asually within 1-2 minutes, the asphalt
was dispensed from the surge bin to ensure thatdahiations between sampling and measured
temperatures were minimized. All measurements werée near the center of the truck bed at
distances of 1, 3, 10, 30, and 100 centimeters tr@nasphalt surface using a heated stainless
steel line and a Siemens Ultramat 23® NDIR detéctm addition to these open air
measurement some semi-controlled measurementsp@dgmemed using open topped chambers
(cones) resting on the asphalt surface. Severaduneaents were excluded from the data set
because delay between truck loading and the tim&ehicle was made available for the
measurements was too great (i.e. more than 20 eshut

Figure 2: Reeves It Plant near Macn, GA
Paving Site Measurements

Measurements at the paving site were done on tothiy using the same general approach as
that used for the asphalt plant measurementsidrcise the stainless steel inlet was placed close
to the centerline of the freshly dispensed aspN&asurements were performed in two separate
stages. Stage one (labeled unrolled in the tablas)conducted after the asphalt mix was
dispensed from the paver but before rollers hadaace to compact the asphalt. In the second
stage (labeled rolled in the tables) was perforafegt the rollers had completed at least one pass
and packed down the asphalt. Figure 3 shows adlypiew of the sample paving site location.

* This NDIR system evaluates hydrocarbon concentmatthrough optical absorption in the middle irédspectral
region associated with the C-H stretch and repatises in terms of concentration of an equivalefénence gas (n-
hexane).
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by W

Figure 3: View of.—paving site near Forsyth, GA
Evotherm Additive

The Evotherm additive WMA was tested on Octobét 2009. In the morning hours, ambient
temperature ranged from 40-%5and were associated with the very strong winties€ winds
moderated significantly in the afternoon and ambiemperatures rose to 55-88

VOC measurements were conducted at three diff$u@na temperature ranges: 39 280F
and 260F and were conducted only at the asphalt plant r€kults of the measurements are
shown in Figures 4, 5 and 6 respectively. Thesa ai@ also tabulated in Tables 2, 3, and 4 in
the appendix.
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Evotherm Additive HC Emissions Asphalt Plant

0 300H
m 280H
0 260H

HC, ppm

1 3 10 30 100 Cone

Distance, cm

Figure 4: Evotherm Additive VOC concentrations at aphalt plant by temperature

Evotherm Additive HC Emissions Asphalt Plant

g —e—300F
3. —=— 280F
T 260F
0 20 40 60 80 100 120
Distance, cm

Figure 5: Evotherm Additive VOC concentrations at aphalt plant by distance above asphalt surface
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Evotherm Additive HC Emissions Asphalt Plant
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Figure 6: Evotherm Additive asphalt plant VOC concetrations Log Scale

Control Mix and Low Concentration Rediset Additive

Measurements of the control mix and low concerdratif Rediset additive were done on
October 38, 2009. Weather conditions for that day were caersidly different from the day
before. Temperatures were betweerl2&nd 55F with the high humidity and light drizzle that
became light rain at times. Winds were very light.

The Rediset Additive WMA mixture at 300F was measured first. However, it became apparent
the next day that an incorrect proportion of Ret@slglitive was added to asphalt mix. Only
approximately 30% of Rediset additive dissolvethim asphalt mix. Measurement results for this
low Rediset additive can be seen on Figure 7 afdiie 5 of the appendix.

Measurements for the Regular/Control mix were aisgle in the same day. Results from the

control mix are presented in Figures 8 and 9 arichisie 6 of the appendix. As for the low
concentration Rediset additive, the control mix wasasured only at 360,
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Asphalt Plant Rediset Low Dose and Control Mix HC Enissions
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O RediSet with Low Dose of Additiv@ Control mix
Figure 7: Incorrect Rediset Additive Asphalt PlantvVOC Measurements
Asphalt Plant Rediset Low Dose and Control Mix HC Eissions
1
Q.
o
g
T

0 20 40 60 80 100 120

Distance, cm
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Figure 8: Incorrect Rediset Additive Asphalt PlantvVOC Measurements
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Asphalt Plant Rediset Low Dose and Control Mix HC Eissions, Loc
Scale

HC, ppm
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Figure 9: Incorrect Rediset Additive Asphalt PlantVOC Measurements Log Scale

In addition to the asphalt plant measurements, areagents at the paving site were also
performed using both open air and chamber measutenmihese data are summarized in Figure
10 and in Table 7 and Table 8 of the Appendix.

Paving Site HC Measurements

O Unrolled
B Rolled

10 30 100 Cone

Distance

Figure 10: Regular Control Mix Paving Site VOC Meaurements
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Paving Site HC Measurements

S
o —e— Unrolled
(;é —s— Rolled

0 10 20 30 40 50 60 70 80 90 100

Distance
Figure 11: Regular Control Mix Paving Site VOC Measirements
Paving Site HC Measurements Log Scale
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Figure 12: Regular Control Mix Paving Site VOC Measirements Log Scale

These results show a high degree of consistengyeleetthe low concentration of Rediset
additive and regular mix asphalt from the asphialbfp In other words, low concentration of the
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Rediset additive did not have any measureabletedfe’OC concentration compared to the
control mix.

When we look at the results from the paving sitealge see that rolled and unrolled
measurements of VOC concentrations are very sinilalled asphalt appears to be a slightly
stronger source of VOC emission but given the ‘drig of external conditions and the small
absolute difference, the differences between raledi unrolled asphalt are minimal.

Rediset Additive

The correct concentration of Rediset additive veased on November 802009. In the morning
temperatures were 4B -45°F with very light wind conditions and in the afteom it reached 55
°F - 60°F with the wind increasing and becoming moderate.

The Rediset additive asphalt plant VOC measurenveertts performed at two temperatures
points of 300F and 280F. Results of these measurements are summariZédtre 13 and in
Tables 9 and 10 in the Appendix.

Measurements were also conducted at the pavingRetaults from these rolled and unrolled
measurements are compared with the plant resufigures 14 and 15 and in more detail in
Table 11 (unrolled) and Table 12 (rolled) in thep&pdix.

Rediset Plant Meas at 300F and 280F
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Figure 13:3 Rediset Additive Asphalt Plant VOC Measrements
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Rediset Additive Day 3 HC Measurements
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Figure 14: Rediset Additive VOC Measurements
Rediset Additive Day 3 HC Measurements
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Figure 15: Rediset VOC Measurements Log Scale

From these results we observe no significant diffees between the 289and 306F WMA
mixtures with the Rediset additive. Likewise, thes@s no difference for rolled and unrolled

paving conditions.
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CECA Additive

CECA additive measurements were carried out on hbee 4", 2009. Temperatures in the
morning hours were between %5- 50°F and in the afternoon between%0 65°F with light
wind conditions.

Measurements of asphalt mix containing CECA adéitiere made at the asphalt plant for all
three temperature ranges: 380280F, and 266F (Tables 13, 14, 15 in the Appendix). Open air
and results from three different cones are illusttan Figures 16 and 17.

VOC concentration measurements were made at thegpawe for mixtures of CECA additive
at 260F and at 30%F. Detailed results are presented in Tables 16f118e0Appendix. The same
results are shown in Figure 18 (linear height 9cahel Figure 19 (log height scale) for the open
air measurements. Figure 20 shows results forahe measurements at the asphalt plant
measurements and rolled and unrolled pavement mezasats.

CECA Additive Asphalt Plant HC Measurements
35.0
30.0
E 200 . _ 300F
g T —=— 280F
T 150 —a— 260F]
10.0
5.0
0.0 ; ‘ ‘ ‘ ‘
0 20 40 60 80 100 120
Distance, cm

Figure 16: CECA Additive Asphalt Plant VOC Measurenents
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CECA Additive Asphalt Plant HC Measurements
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Figure 17: CECA Additive Asphalt Plant VOC Measurenents Log Scale
CECA Additive Paving Site HC Measurements
30
-~ —
c 20 —g@— Unrolled 260F
2 15 —%— Rolled 260F
LIS —e— Unrolled 300R
10 - —o— Rolled 300F
5
0 T T T T T
0 20 40 60 80 100 120

Distance, cm

Figure 18: CECA Additive Paving Site VOC Measuremets
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CECA Additive Paving Site HC Measurements
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Figure 19: CECA Additive Paving Site VOC Measuremets Log Scale
CECA Additive Cone Measurements
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Figure 20: CECA Additive VOC Cone Measurements

Even though some minor differences can be obsdretudeen the conditions, these differences
are likely to be within the variability between riixes and thus insignificant from an emissions
perspective. CECA additive at different temperatutemonstrated the same VOC emission
behaviors.
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Conclusions

This study was designed as a screening test toiegahthere were significant variations in
VOC emissions from different additives such as Beah, Rediset, and CECA used to produce
WMA and to examine the effect of mixture temperatan emissions from these mixtures.
Based on the results of this study, it appearkelylithat any of the WMA mixtures using any of
the tested additives VOC emissions are signifigastferent (more than a factor of two) from
the existing control mix for the same environmepgtaiditions. Further, the results show only
very small, and likely insignificant, differencestiveen the additives in terms of observed VOC
concentrations making it unlikely that VOC emissiamould be an important factor in the
selection of a preferred additive for a WMA mixtuat least among these candidates, and that
the selection should be made based on other ckasdicss of the mixtures.

Of course, much smaller emissions differences cbalamportant for air quality purposes and
additional, more controlled, studies of VOC emiasishould be considered once a particular
mixture and application temperature are selectbds@& additional measurements, made under
the final selected conditions, are the best wagnsure that accuracy of future air quality
emissions inventories.
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Appendix
Cone Descriptions

Cone 1 is a 29" traffic cone with the 10” base ahdobp with a 1” top opening.

Cone 1

Cone 2 is a 29" traffic cone with 7” base and In#hitop with a 1” top opening.

Cone 2

Cone 3 is a 19" traffic cone with 77 base and 23 taith 1” top opening.

Cone 3
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Cone 4 is an inverted 7” tall ceramic flower potwan 8” base (as shown) and 4.5” top with a
1” top opening.

Cone 4

6.2.1 Data Tables

Table 4 Evotherm Additive at 300 F Asphalt Plant VGC Measurements

Meas # Distance, cm
1 3 10 30 100
1 9 10 9 10 10
2 8 13 12 11 10
3 8 8 8 8 7
4 12 8 10 11 6
5 20 9 19 9 3
Average 11 9 11 9 7

Table 5 Evotherm Additive at 280 F Asphalt Plant VGC Measurements

Distance, cm

Meas # 1 3 10 30 100 Cone
1 26 22 17 16 14 20

2 28 28 26 19 16 20

3 28 28 18 15 13 20

4 27 27 16 13 10 20

5 25 25 12 13 12 19

6 19 18 16 14 12 25
Average 26 25 18 15 13 21
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Table 6 Evotherm Additive at 260 F

Meas # Distance, cm Cone
1 3 10 30 100
1 23 23 21 18| 8.6 12
2 18 18 13 8.8 8.8 18
3 20 20 18 12 8.8 18
4 17 16 11 8.6 8.6 17
5 15 14 13 11 8.8 17
6 20 18 14 12 12 14
7 22 18 14 14 14 23
Average 19 18 15 12 10 17

Table 7 Incorrect Portion of Rediset Additive 300FAsphalt Plant VOC Measurements

Distance, cm

Meas # 1 3 10 30 100 Cone
1 17 14 7 10 10

2 20 15 12 10 5 15

3 12 12 7 12 10 14

4 9 7 6 6 9 10

5 17 8 9 9 15 13

6 11 11 13 8 13 16

7 12 11 6 6 7 18
Average 14 10 9 8 10 14

Table 8 Regular Control Mix Asphalt Plant VOC Measuements
Distance, cm

Meas # Cone
1 3 10 30 100

1 12.5 8 6 4 4 9
2 12.5 13 6.5 6 6 11
3 13 10 8 6 6 14
4 13 14 8 7.5 5 14
5 15 13 8.5 8 6 14
6 16 13 12.5 9 8 14
7 15 13.5 13 11 8 13.5
8 17 14 11 7 6 16

Average 14.3 12.3 9.2 7.3 6.1 13.2

Below are measurements of VOC from the paving Sitey include unrolled and rolled
measurements. Unrolled measurements are the dtetaa#ter asphalt was distributed to the
paving surface from the paver but before rollerd d@hance to roll it. Rolled data was taken
after rollers passed at least once and betweensedsequent roll.
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Table 9 Regular Control Mix Paving Site VOC Measurenents UNROLLED

Meas # Distance, cm Cone
10 30 100
1 20.5 21 16 28
2 27 21 19 31
3 25 23 23
4 25 28 23
5 32 29 28 27
6 34 33 26
7 29 27 34
8 23 27 24 28
Average 27 26 24 29

Distance, cm

Meas # 10 30 100 Cone
1 27 25 23 28

2 20 26 25

3 31 26 23

4 21 22 23

5 34 28 32

6 29 24 32

7 25 32 29

8 29 28 28
Average 27 26 27 28

Table 11 Rediset Additive 300F VOC Measurements

Table 10 Regular Control Mix Paving Site VOC Measuements ROLLED

Meas # Distance, cm Cone
1 3 10 30 100 Conel Cone 2 Cone 33 Cone

1 19 21 19 18 18 38 36 44 50
2 21 20 19 23 21 34 38 36 34
3 26 28 28 24 21 22 21 25 28
4 21 20 20 17 18 22 27 24 22
5 17 21 18 17 13 19 22 18 21
6 29 23 24 22 24 26 26 29 23
7 16 17 13 17 16 18 21 26
8 18 15 14 20 17 25 22 17
9 17 17 20 14 15 25 33 30

Average 20 20 19 19 18 25 28 28 28
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Table 12 Rediset Additive 280F Asphalt Plant VOC Masurements
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Distance, cm Cone
Meas #
1 3 10 30 100 Conel Cone 2 Cone B Cone
1 24 28 23 24 23 34 30 25 30
2 24 35 23 22 27 21 23 21 27
3 23 32 28 27 27 29 29 25 26
4 25 27 26 27 25 26 27 29 25
5 23 22 22 25 28 23 24 27 23
6 21 20 24 24 23 29 27 29
7 27 22 23 26 24 28 22 24
Average 24 27 24 25 25 27 27 25 26
Table 13 Rediset Paving Site VOC Measurements UNRQIED
Meas # Distance, cm Cone
10 30 100 Conel Cone 3 Cone 4
1 16 17 18 17 17 17
2 16.5 21 19.5 17 22 19.5
3 20 21 21
Average 18 20 20 17 20 18
Table 14 Rediset Paving Site VOC Measurements ROLLE
Meas # Distance, cm
10 30 100
1 19 20 21
2 18.5 18.5 19
3 19 20 21
Average 19 20 20
Table 15 Day 4 CECA Additive 300F Plant VOC measumaents
Distance, cm Cone
Meas #
1 3 10 30 100 Conel Cone 3 Cone ¢t
1 27 31 28 16 14 21 25 28
2 23 21 20 20 16 23 23 21
3 26 23 25 21 21 25 23 24
4 21 21 21 22 21 26 25 22
5 24 26 24 21 21 28 27 23
Average 24 24 24 20 19 25 25 24




Table 16 CECA Additive 280F Plant VOC Measurements

Distance, cm Cone
Meas #
1 3 10 30 100 Conel Cone 3 Cone
1 29 24 25 24 20 28 27 27
2 28 26 23 24 23 28 27 27
3 28 29 26 28 28 28 29 26
4 27 27 28 28 27 30 29 27
5 21 19 23 24 29 23 24 29
6 21 27 23 20 24 24 26 24
7 29 28 28 26 23 32 27 29
8 27 18 28 18 19 21 27 25
9 24 23 28 28 27 29 26 28
Average 26 25 26 24 24 27 27 27
Table 17 CECA Additive 260F Plant VOC Measurements
Distance, cm Cone
Meas #
1 3 10 30 100 Conel Cone 3 Cone
1 25 28 29 29 27 29 27 28
2 28 28 24 29 26 27 31 29
3 27 28 28 31 29 27 28 27
4 29 26 27 28 27 28 29 27
Average 27 28 27 29 27 28 29 28

Table 18 CECA Additive 260F Paving Site VOC Measuments UNROLLED

Distance, cm Cone
Meas #
10 30 100 Conel Cone 3 Cone 4
1 22 21 29 24 29 25
2 27 21 21 27 24 26
Average 25 21 25 26 27 26

Table 19 CECA Additive 260F Paving Site VOC Measumaents ROLLED

Distance, cm

Meas #
10 30 100
1 28 26 25
2 27 26 26
3 25 23 23
4 28 25 28
5 27 27 26
6 28 25 28
7 27 27 26
Average 27 26 26
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Table 20 CECA Additive 300F Paving Site VOC Measuments UNROLLED

Distance, cm Cone
Meas #
10 30 100 Conel Cone 3 Cone 4
1 26 27 25 26 25 29
2 26 27 29 26 25 29
3 29 29 27
Average 27 28 27 26 25 29

Distance, cm
Meas# 5 30 100
1 27 27 29
2 27 25 28
3 28 28 28
Average 27 27 28
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Table 21 CECA Additive 300F Paving Site VOC ROLLED



