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ABSTRACT

Moisture damage of asphalt pavensamas been a fundamental topic in the pgast
years. Thee pavements ardesigred to perform wellin resisting leavyloads and high
traffic volumes. However, when winter comes and the wandiltrates into the pavement
it freezesand stripping occursand therefordriggering other modes of failes This is
where AnttStrip additives come to placeistorically, Lime has shown to be an effective
additive on the issue of stripping. However, Lime treatmeakpensiveand companies
are trying to find alteratives with other chemicals or Liquid AfStrip additives.The
literature shows that Liquid Antrip additives have demonstrated an effective way to
solve the stripping issue; however, the chemical components of the asphalt binders and
aggregates are complex and one Attip additive will not be operative with all asphalt
binders and aggregate soes.

IsolaneSP, anew Liquid Anti-Strip additivein the markethas shown encouraging
results for the past few yeaBecausef theoutcomes recorded previously wigolane
SPoutsideNevada and CalifornjdJniversityof NevadaRenohas put Isolan&P to test

This project consisted of studying the effectdsaflaneSP on two different asphalt
binders, one from Nevada and one from California, in ordeotoprehendvhether the
chemicalsof the additive and asphalt binder are confgbator not: as a consequence, it
was deductible that the addition tdolaneSP to the asphalt binder made it more
susceptible for cracking-urthermore, this project consisted todating four sources of
aggregategl.ockwood, Rocky RidgeHat Creek andWestern Nevada Materialsyith
IsolaneSP in order to waterproof the aggregates: the tests were positive, however, after

leaving the aggregates in open &laneSP oxidized,and the aggregates absorbed the



water.Additionally, two asphalt mixtures, bas on Nevada and California specification,
were tested against moisture damage using Tensile Strength Ratio test and following it with
Hamburg Wheellrack test.IsolaneSP did not show the effectiveness anticipated and
another additivecalled IsolaneSP2was proposedisolaneSP2 did show better results,
however, the outcomes were not enough for the product to be an effective replacement of

Lime that is currently used in Nevada and California against stripping and moisture

damage.
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Chapter 1 Introduction:

The potential for misture damagef asphalt pavemenksas been recognized by asphalt
technologists for yearsWhen water infiltratesa pavement structure, it calead to
premature failur@f theasphalt mixtureaused by debonding of the asphalt binder from
the surface of the aggregate. Thdugtothes comm
loss of adhesion between the asphalt binder and aggregate or the loss of cohesion in the
asphalt bindeMoisture damage can ultimately lead to multiple forms of pavement distress
including raveling, permanent deformation, fatigue, and ultimately clatep loss of
integrity.

Moisture damage could be a rexafiseveral factorfl]. Raw materials (asphalt binder
and aggregate) selection, mixture design, structural design, environmental conditions,
traffic loading and construction can influence the remige ofan asphalt mixture to
moisture damagé-actors that certainly accelerate moisture damage are clmadtieffic
loading Adding to it,poor compaction practicemnresult inalow in-place densityand
thereforepavement structuréhat has poor thinage conditionsln particular extreme
weather conditiog(e.g.,freezing and thawing) and heavy traffic volwsrage detrimental
Proper mixture design, including the use of @&ttip additives, coupled with good
construction practices, will result moremoistureresistant mixtures.

Numerous philosophies have been proposed to identify and develop strategies and
approaches to predict moisture damage and proteduresxagainst stripping Rice
categorized these theories as chemical reagtioplecular orientation, and mechanical

interlocking [2]. Chemical interactions are believed to be the bgptaeation of the



adhesive bond [3JAdditionally, all theoriesuggesthat the lond between asphalt binder
and aggregates is mostly influenced Hyetcomposition and chemistry of the asphalt
binder. Hence, to improve the bond and prevent strippingstigiadditivesare routinely
used today.

Typical antistrip additives usedre fatty amines, fatty amidamines, andydrated
lime (HL)[1]. The amhe-based antistrip additives are liquid and introduced to the asphalt
binder in smdldoses, typically less than opercent by weight of asphalt binder. Hydrated
lime is known to be a very effective antistrip additive, but it is not preferred by comsracto
due to storage, handling, metering, mixing, and health and safety requirements, as well as
cost. Both contractond agenciesutinely seekewequally effective antstripadditives
to replace itln response to thig company irindia developed aanti-strip additiveand
soil stabilizercalledZycoSoil. The product was then further refined, specifically for use in
asphalt mixtures, as a combination asttip and warm mix asphalt (WMA) additive. It is
calledIsolaneSP. The intent of the combinatiéto improve the bond between asphalt
binder and aggregate, as well as to serve as a compaction aid allowing for improved in
place density, which has been shown to improve moisture resistance [1].

IsolaneSP isintendedto improve the asphalt binder coetg of aggregates anallow
for achiewng higher inplace densityMoreover, it is designed tmftenaged asphalt binder
in recycled materials without jeopardizing mixture resistance to cra@maghusmprove
asphalimixture resistance to moisture damafyeomprehensive evaluation IsiolaneSP
compared to HL as an asdirip is planned on asphalt mixtures used in western U.S. states

that typically incorporate HL. This effort will assesrious benefits of usinigolaneSP



based on the most widely accepted laboratory tests for moisture damage, rutting, cracking,

and oxidative aging.



Chapter 2: Literature Review

A summary of available literature on the effectiveness of ZycdSoiéneSP, and, when
available, corparisons to hydrated lime follows. Tfeeus ofliterature reviewwvas placed

on western states when possible.

2.1.ZycoSoil Literature

A two phase laboratory evaluation of ZycoSoil was conductediimyet al. [2].The
objective was to exaime the effects of ZycoSoil on asphainder and mixtureand
specificallyto evaluatehow effectiveZycoSoil wasas an antstrip additive In the first
phasea l1rorBimal maximum aggregate size (NMAR)perpavenixture comprised of
Georgia granite aggregate and 84522 binder with a history of poor moisture resistance
was evaluated. TheG 64-22 binder was used as the control amdsdosed with0.05%
ZycoSoil The performance grad@G) of the binder with and without ZycoSoil was
measured tassesf the addition of ZycoSoil reduced the stiffness of the binaertinely

observed with other liquid #éirstrip additives

The produced mixture/as evaluateth terms of resistance to moisture damagimg
Tensile Strength &io (TSR) and Hamburg Wheelracking (HWT) tess. The mixture
used conformed to thfeuperpaverolumetric mix design requirements of AASHTO3R
andAASHTO M 323 [3, 4]. Theproperties of theontrol binder ar@resentedn Table 1
Theaggregatgradation of the mixture is shown in Figure 1. Tabth&wsa comparison
of the PG binder grade of tikentrol binder and the control dosed with 0.05% ZycolSpil
total weight of the binderThe data shoed that ZycoSoil dd not significantly affect the

properties of theirgin binder and the PG grad# the asphalt binder mixed with ZycoSaoill



did not charged The addition of ZycoSoitould not reduce the stiffness of tlsphalt

binderwhen compared with the effect ainebased anistrip agents.

Table 1. ComparisorbetweenControl BinderandBinderwith 0.05% ZycoSoil [2]

Superpave Performance Grading Test Results

Rotational Viscosity @ 135°C, AASHTO T316, PaS | Test Results
0.05% ZycoSaoll 0.468
Control 0.470
Dynamic Shear Rheometer AASHTO T315
o Phase .
Test Temperature, 64°C G*, KPa Angle () G*/Sind, KPa
0.05% ZycoSoil 1.56 86.4 1.57
Control 1.44 86.4 1.44
Dynamic Shear Rheometer AASHTO T315
Test Temperature, 64°C G*, KPa AEQIZS(E‘?) G*/sind, KPa
0.05% ZycoSoil 3.75 82.8 3.78
Control 3.44 82.7 3.47
Pressure Aging Vessel (PAV) Aged Binder, AASHTO R28
Dynamic ShearRheometer AASHTO T315
Test Temperature, 25°C G*, KPa Aﬁglaes(?) G* sind, KPa
0.05% ZycoSoil 6001 44.1 4,173
Control 6373 43.3 4,368
Bending Beam Rheometer (BBR) AASHTO T313
Test Temperature,- 12°C Stiffness, MPA m-value
0.05% ZycoSaoil 202 0.317
Control 201 0.312
PG Grade 64-22
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Figure 1. Superpavenix gradation [2]

TSR and HWTtestresults are summarized in Table 2. Figgishovs the HWT results
for both mixturesThe addition of ZycoSoil improved the TSR from 8%6092%. The
HWT results showd that thenumber of passes corresponding to stigping inflection
points (SIP) for the mixture with ZycoSoil wer@85% higher than thabf the control
mixture. It wasconcluded that ZycoSoil kahecapabilityto decreas moisture damagef
asphaltmixtures andt could be used efficiently as an astripping agentBased on these
observations, a second phase of research was undertaken.

Table 2. TSR test results [2]

Tensile Strength Ratio (TSR) Stripping Inflection Point (SIP)
Mixture Cpntrol Mixture with _0.05% Control Mixture Mixture with _
Mixture ZycoSoil 0.05% ZycoSoil
Lithonia 85% 95% 4224 5697
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0.05% ZycoSoil [2]



In phase 2 of thproject,theeffort focused omwo itemswhich onewasidentifying the
optimumdosageof ZycoSoil[2]. The other waso evaluae the potential of ZycoSoil to
improve asphalt mixture@esistanceo moisture damagy The same P&4-22 binder and
aggregate source used in the first phase of the project were used along with a second
aggregate sourceampled from Georgialhe asphaltbinder andmanufacturednixtures
were evaluated by addingycoSoil at doses 0f0.05% and 0.1% by weight of asphalt
binder.

Table 3 shows th®G results of theasphaltbinders without ZycoSoi{as a control
bindel, and withthetwo different dosages of ZycoSaNo significant differenceamong
the resultsvas observedndall of the binders were graded as B&22. The addition of
ZycoSoilwas not able toeduce the stiffness of tlasphaltbinderin the same wagmine-
based anistrip agents can.

Table 3. Asphalt Binder Grading Summary [2]

Binder: PG 6422 with 0.0%, 0.05%, and 0.1% ZycoSoil
Rotational Viscosity @ 135°C, AASHTO T316, Pa§ Test Results
0.1% ZycoSaoil 0.458
0.05% ZycoSoil 0.468
Control 0.470
Dynamic Shear Rheometer AASHTO T315
Test ngz%erature G* KPa Zzglsee G*/Sind , Kpa
0.1% ZycoSaoil 1.55 86.4 1.55
0.05% ZycoSoil 1.56 86.4 1.57
Control 1.44 86.4 1.44
Dynamic Shear Rheometer for RTFO Binders AASHTO T315
Test Temperature . Phase G* / Sind,
64°C G*, KPa Angle KPa
0.1% ZycoSoil 4.00 82.7 4.02
0.05% ZycoSoaoll 3.75 82.8 3.78
Control 3.44 82.7 3.47
Pressure Aging Vessel (PAV) Aged Binder, AASHTO R28
Dynamic Shear Rheometer AASHTO T315




Test ng%erature G* KPa er:glsee G* Sind, KPa

0.1% ZycoSaoil 6628 44.8 4,668

0.05% ZycoSoil 6001 44.1 4,173

Control 6373 43.3 4,368
Bending Beam Rheometer (BBR) AASHTO T313

Test T?Enzegrature Stiffness, MPa m-value

0.1% ZycoSoill 186 0.314

0.05% ZycoSoll 202 0.317

Control 201 0.312

PG Grade

0.1% ZycoSaoil 64-22

0.05% ZycoSoil 64-22

Control 64-22

Two Georgiaaggregate sources were selected were identified asLithonia and
Lithia Springssources Figure 3 illustrates thgradation selectetbr each source. The
producednixturesmet all theSuperpaveolumetric mix design criterien accordance with

AASHTO R35 and M323 [3, 4].

—— Lithonia

—=— Lithia Spring

Percent Passing
S

f/

3
AN

#200 #50 #30 #16 # #4 KT S T 3ig"
Sieve Size

Figure 3. Gradation for Lithonia and Lithia Spring [2]
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The evaluationof the mixturedor moisture susceptibility wasxecutedising the TSR
perAASHTO T 283([6]. TheTSRresultsare summarized in Table #:can be seethat
ZycoSoil improvedsignificantlythe moistureesistancef bothmixtures. The TSR values
of the mixtures with 0.05% ZycoSoil were®xompaedto 82%for the control mixture
Moreover, for the mixtures with 0.1% ZycoSoil, the TSR valee99%and 1006 when

compaed to82% for the control mixture.

Table 4. TSR Test Results [2]

Tensile Strength Ratio (TSR)

: Control 0.05% 0 :
Mixture Mixture ZycoSoil 0.1% ZycoSaoil
Lithonia 85% 95% 99%

Lithia Springs 82% 95% 100%
Dry Strength / Wet Strength (psi)

: Control 0.05% 0 :
Mixture Mixture ZycoSoil 0.1% ZycoSaoil
Lithonia 160/188 150/158 174/175

Lithia Springs 136/166 152/160 167/168

Based on the twphase studyit was determined thatycoSoil isan effectiveasplalt
mixture antistrip additive Moreover it wasalsorecommendethat additional evaluation
must beperformedon different binders and aggregates.

2.2.1solaneSP Literature

During the 2018 constructisseasonfull -scalefield test sections were constructed on
a California Department of Transportation (Caltrans) project to evaluate ZycoSoil and
IsolaneSPin comparison to the standard project mixture that incorporatechbraeanti
strip additive(Berger et al., 2019) 5] . The standard Soprpdvair e wa

mixture [5]. The project was located in East Red BIUi€hama Countyalifornia. The
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project includedabout 3,000 tons dfot mix asphaltfiIMA) dosed with0.05% ZycoSoil
instead of lime.Table 5 illustrategshe TSR resultsobtained per AASHTO 1283 on
laboratory éb Mix Formula(JMF) and plant produced msamplegProduction Startup

Evaluation)

Table 5. TSR Results for Caltrans East Red Bluff Project [5]

TSR Results for TSPRr ;elzjscl:ilgsnfor
Anti -strip Agent Dose(%) JMF Verification
(%) Star_tup
Evaluation (%)
Control 0.00 84 -
ZycoSaoll 0.06 91 87
Lime Marination 1.00 87 93

Dosing the lab mix with ZycoSoil improved the TSR from 84% on the control mix to
91%, while the lime marination increased it to 87%. On glatproducedmix, the
observed TSR values were 87% and 93% for the ZycoSoil and lime marinated mixtures,
respectively. The ZycoSoil and linmarinationprovided similar performanceBergeret
al. (2019)stated thatii Wile doing a visual inspection, there was no difference between
the pavement with lime slurmparinationand that with ZycoSail .

The IsolaneSPdose recommended Ilye industrywas0.075% by weight of binder
rather than 0%, because the mix containecdycled AsphaltPavement (RAP)The
aggregate and RAP gradations are showiainle 6 To determine the effectiveness of the
IsolaneSP, the control mixand the same mix dosed witkolaneSP were tested using
AASHTO T 283, AASHTO T324 , and the Extended Boiling TestEBT) perASTM D

36256, 7, 8].
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Table 6. Stony Creek Aggregate gradation [9

Material R Co Washed Combined
Size o o] 3/ 8 Dust Dust RAP Gradation
Material
(%) 12 22 13 13 25 15 100
2?2? % Passing
10 1000 | 1000 | 100.0| 100.0/ 100.0 100.0 1000
IJ O 88.0 | 1000 | 100.0| 100 1000 1000 99.0
I o 7.0 780 | 1000 | 100 1000 1000 84.0
3/ 8¢ 4.0 16.0 | 920 | 100 1000 96.0 67.0
No. 4 2.0 2.0 4.0 98 96.0 58.0 47.0
No. 8 2.0 1.0 2.0 71 65.0 40.0 320
No. 16 2.0 1.0 1.0 48 41.0 27.0 21.0
No.30 2.0 1.0 1.0 34 25.0 19.0 9.0
No. 50 1.0 1.0 1.0 25 15.0 13.0 9.0
No. 100 | 1.0 1.0 1.0 19 8.0 9.0 6.0
No.200| 1.0 0.5 0.6 15 3.2 6.6 4.0

The data in Table 7 indicates that the mixture dosedoamr5%lsolaneSP performed
slightly better than the contratix. TheTSRwas slightly higher and the mixture withstood
an additionab,000 passem the HWTtestcompared to the control mixture. Both mixtures
exhibited a100% coatingn the EBT.It was also reported thaabed on lhoratory work,
the addition ofsolaneSPfacilitatedcoating aggregates during mixirapd compadhg the

produced mixtureto the desired density.
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Table 7. Summary ofisolaneSP Testing Results [9]

DOSAGE OF ISOLANE SP
. o Test o

Quiality Characteristic Method Control 0.075%
Moisture Susceptibility AASHTO
(average dry strength, psi) T 283 137.43 138.8
Moisture Susceptibility AASHTO
(average wet strength, psi) T 283 124.19 128.0
Tensile Strength Ratio AASHTO 0 0
(SSs, %) T 283 90% 93%
Hamburg Wheel Track
(average minimum number | AASHTO
of passes at 0.5 inches rut T 324 >20,000 >25,000
depth)
Hamburg Wheel Track
(a_ve_rage inflection point AASHTO 20,000 525,000
minimum number of T324
passes)

- 100%, dull 100% coated: shiny,
(Bac\),lg?g \évoa}iglteiﬁt visual ASTM D | finish, more | coated aggregates, cluste

ge 7o 9, 3625 fines observed| stuck together, less fineg
observations) :
dry looking observed

Raveeslet al.evaluated the effectivenesslsblaneSPon Marshalimix designaising
a single aggregate sourdeayarekere quarjythree viscosity graded neat binders and two
anti-strip additives [10]. The material specifications and design procedures were per Indian
Standards [11]. The binder grades w#i®-10, VG-30 and CRMRB55. The antistrip
additives were hydrated lins¢ a deageof 1.1%,IsolaneSP at a dose of 0.10% by weight
of binder for the nediinders,and 0.135% for the CRMB binder.

Resistance to moisture damage was assessed usingaWMatabilityandTSRon both
HMA and WMA. Figure 4 showshat the use ofsolaneSP, with bothneatand CRMB
binders slightly increasedhe Marshall Stability. The authors indicated that theeuof
IsolaneSPwas also abléo reducethe mixing temperaturel SRtest results indicated that

WMA mixesshowed better performanaghen compared with thdMA mixes
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Figure 4. Marshall Stability Results for both HMA and WMA [10]

For the recenCaldwell Bridgeway ProjectCaltrans evaluated the effectiveness of
IsolaneSP and lime marination on a Caltrans HNIype A mixture that incorporated 15%
RAP [12]. The IsolaneSP dose used was 0.1% by weight of binder while the lime
marination dose was 1.1%. An untreated control mix was also included in the testing. The
TSR test was used to assess moisture sensitivitheohixtures. Table 8 shows a summary
of TSR test results on mixtures performed both on laboratory prepared samples by Caltrans
(for IMF Verification) and plant produced lab compacted samples by the contractor and
laboratories Both lime andsolaneSP sgnificantly improved the moisture resistance of
the HMA. However, IsolaneSP increased the TSR by an average of 74% while lime
marinationonly increased it by 38%. Interestingly, the TSR values on the plant produced
lab compacted mixes treated witolaneSP were 1% to 20% greater than the lab mixed

lab compacted samples.
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Table 8. TSR Results for Caldwell Bridgeway Projet®]

TSR among Antistrip Additives
)
Sample Type Untreated 1.1% Lime 0.1% Isolane-SP
TSR Average
58%
0,
JMF Verification 45% 62% 85% 68%
60%
Contractor Test No Reported| No Reported 84% 90%
Results Data Data 96% °
Laboratories Test | No Reported| No Reported 83% 83%
Results Data Data 82%

Caltrans also performed a series of HWT tests on Caltrans Type A HMA supplied to
two projects, specifically the Caldwell Bridge and Johnson Park projects. The mix supplied
to the Caldwell Bridge project is the same mix described in Table 8 above. Theasixt
were treated with 1.1% lime and 0.1%olaneSP. The HWT results are summarized in
Table 9. The rut depths observed after 25,000 wheel passed averaged 0.2 inch for both lime
andlsolaneSP treated mixes. The SIP occurred at over 9000 wheel gassexh lime
andlsolaneSP treated mixes. It occurred at over 25,000 wheel passes for most of them.
The results on field produced mix showed similar HWT performance for both lime and
IsolaneSP treated mixesThe binder used with both projects was B&28 M (M =

Modified).



Table 9. Caldwell Bridge and Johnson Park HWT Resul® |
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. . Binder . HWT Results at
P,\:gjri(;t M_:_xtu;e Content I?O/AO I)D A%dslg\ée 25,000 Passefgnch) SIP (Passep
yp (%) Left Right Left Right
Johnson [ IJO0 T o1
Park 3R | A HMA 5.3 15 1.1% Lime 0.1 0.1 >25,000| >25,000
Johnson [ IJO0 T o1
Park 3R | A HMA 5.3 15 1.1% Lime 0.1 0.1 >25,000| >25,000
Caldwell |1J0 T o1
Bridgeway| A HMA 51 15 1.1% Lime 0.4 0.2 9,661 | >25,000
Average 0.3 0.1 >25,000
Caldwell |1J0 T 0.1%
Bridgeway | A HMA 5.1 15 IsolaneSP 0.2 0.1 12,627 | >25,000
Caldwell |IJO0 T 0.1%
Bridgeway | A HMA 5.1 15 IsolaneSP 0.2 0.2 >25,000| >25,000
Caldwell |IJOo T 0.1%
Bridgeway | A HMA 5.1 15 IsolaneSP 0.1 0.1 16,800 | >25,000
Caldwell | 1J oType 0.1%
Bridgeway| A HMA 51 15 IsolaneSP 0.2 04 >25,000) 9,353
Average 0.2 0.2

Peymarstudedthe effectiveness d$olaneas a liquidanti-stripand naneorganailane

warm mix and antstripping additivg12]. A single60/70 Penetration &de asphalt binder

was use@long with two aggregate sourceste wasiliceous andhe other wasalcareous

Two gradationsvere established per aggregate soufbe mixturesvere designeger the

Marshall method, specifically to local Iranian asphalt mixture standarogefies of the

asphalt bindeused are shown in Table 10. Table 11 shows the properties sthae

used Table 12 shows the gradation specificationsastdal mixture gradations. Onaxm

wa s a

No.

4

Number 4 and 5 are shown Table 12).

@hile tdeaottei ro nwa(s3 /a4 0N o .

5

Gradat

on



Table 10. Properties of the Asphalt Binder [12]
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Test
Test Temperature | Standard Test| Result | Limits Unit
W)
Penetration 25 ASTM D 5-73 63 60-70 | (0.1) mm
Ductility 25 ASTM DAIS | 100 | >100 | om
Specific Gravity 25 AST'\;IGD 0 1.03 - gr/cn?
Solubility in ASTM D 0
Trichloroethylene i 204276 992 | >99 &
. ASTM D
Loss of Heating - 175478 0.75 | 0-0.8 %
Flash Point ASTM D 92- o
(Cleveland) i 78 310 | >232 c
Softening Point - AST'\%D 36- 49 49-56 °C
Kinematic ASTM D
Viscosity 120 217085 810 - mn¥/s
Penetration i i 0915 ) i
Index
Table 11. Properties ofsolane[12]
Properties Isolane
Specific Gravity (gr/cm®) 0.97
Form Liquid
Color Pale Yellow
Odor Odor Free
Flash Point 80°C
Explosive Point Not Reported
Freezing Point 5°C
Table 12. Gradation properties [12]
Sieve (mm) 19 12.5 9.5 475 | 2.36 | 0.3 | 0.75
Gradation No. 4 100| 90100 | - | 4474 | 2858 | 521 2-10
specification limits (%)
Gradgtlon No. 4Percent 100 95 i 59 43 13 6
Passing(%)
Gradation No. 5 - | 100 |90100| 5585 | 3267 | 7-23 | 2-10
specification limits (%)
Gradgtlon No. 5 Percent ) 100 95 20 50 15 6
Passing(%)
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X-Ray Fluorescence (XRF) and Fourier Transformed Infrared spectroscopy (FTIR)
were usedo assess the impact [Holaneon both virgin and modified bindemResistance
to moisture damage was evaluated with TBREHTO T 283), Resilient Modulus Ratio
(RMR), Marshall Stability Ratio (MSR)andFracture Energy Ratio (FER

Based on the test resylisultiple observations were mads follows Thelsolaneanti
strip additivehad a greateinfluenceon the siliceousaggregatevhen compared witkhe
calcareousaggregatebecause siliceous aggregates areransisceptible to moisture
damage [1R The TSRests for bothmixtures showechigher strengthen wet conditioed
samples withHsolaneSPandthushigher TSR valuefor both. Theamountof increasan
TSR f or t h dfinek gralationiwasgreéaterthan the amountf increasdor the
IJO mi xwas suggested that mixtures made with finer gradagicmsore susceptible
to moisture damagebecauseof the greater aggregatsurface areaConsequently, the
samplestreatedwith IsolaneSP showed higher FERalues demonstrating thadosing
with Isolaneresulted in greategnergyrequiredto break the bondsThis also suggested
thatlsolaneSPimproved resistanc® moisture damage-igure 5 through Tlustrate the

results for RMR, MSR and FER testespectively



19

Stone

Siliceous

s WMA

me
ime
Figure 6. Marshall Stability Ratio Values [12]

Li
Figure 5. Resilient Modulus Ratio (RMR) values [12]

00000000000000
222222222222
— - — —l

oley sNINPo JualIsay oney ANjIgeIS |[eYSIEN



20

120

100

80

60

40

Fracture Energy Ratio

20

7

Gradation No.4 Gradation No.5 Gradation No.4 Gradation No.5

Limestone 5 HMA »WMA Siliceous Stone
Figure 7. Fracture Energy Ratio (FER) Values [12]

Chowdhuryet al.studied the effect aciddingnaturalrubber(NR) andlsolaneSPto
asphalt bindeonthemoistureresistance of asphalt mixtures [1Bhe MarshalMix design
method was used to design the control mixtkaur dense graded asphalt mixtures were
tested. Therocuredasphaltbinders were theontrol,a NR modified binder, an Isolane
SPdosed binderanda NR modified bindewith IsolaneSP. Table 13 showtheproperties
of the evaluatedsphalbindes as a function of NR dose. Table 14 shq@nsperties of the
asphalbinder with the addition of 0.15%olaneSP as a fuction of NR dose. The addition
of IsolaneSP to the NR modified bindetecreased the stiffness of the binder at lower
temperaturemeanwhileincreasedt at high temperature$he TSR test was used to assess
resistance to moisture damaggethe control mixure, 0.15%lsolaneSP dosed mixture,
and 4%NR dosed mixtureand5% NR with 0.15%IlsolaneSPdosed mixture. The results

are presented in Figure 5. All combinations had TSR values greater than 80%aldihe
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SPdosed mixturebestperformed with a TSR of 97%. It also allowed feduced mixing

and compaction temperatures and increased the resistance to moisture Tamagedy

illustrated thatlsolaneSP could be used as both an @mtip and warm mix additive

successfully witiNR modified asphalt binder.

Table 13. Characterization of NR modified Asphalt Binders [13]

: NR (%)

Properties 0 | 1 | 5 | 3 | 7 | 5
Before Aging
Specific Gravity 1.015| 1.033| 1.043| 1.054| 1.059| 1.065
Penetration (mm) 40 36 35 33 32 30
Softening Point (°C) 56.5 | 58.3 | 59.3 | 60.5| 31.0 | 61.3
CK;g;ama‘uc viscosity (cSt) at 150°C, 173 | 315 | 320 | 351 | 311 | 304
Ductility (cm) >100| >100 | >100| >100| >100 | >100
Rolling thin film test on residue (After aging)

Mass change at 163°C (%) -0.62 | -0.27 | -0.26 | -0.43 | -0.49 | -0.52
(ny‘j)d“c“on of penetration at 25°C) », 7 | 167 | 18.8 | 165 | 19.0 | 20.2
Increase in softening point (°C) 4.0 3.5 3.0 3.0 3.5 4.0

Table 14. Characterization dsolaneSP and NR modified asphalt binders [13]

Properties Isolanemodified NR (%)
P 0 | 1 ] 2] 3 | 4 | 5
Before Aging
Specific Gravity 1.017| 1.029| 1.033| 1.048 | 1.060 | 1.066
Penetration (mm) 40 36 36 38 35 33
Softening Point (°C) 56 57 58 58.5 59 60
Kinematic viscosity (cSt) at
150°C, CSt 226 | 339 | 367 | 485 463 | 385
Ductility (cm) >100| 79 96 99 98 | >100
Rolling thin film test on residue (After aging)
Mass change at 163°C (%) -0.86 | -0.43 | -0.46| -0.52 | -0.57 | -0.63
Mass change at 135°C (%) -0.40 | -0.23 | -0.14 | -0.26 | -0.29 | -0.32
Reduction of penetration at
25°C (%) 175 | 16.7 | 125 | 105 12.7 | 15.2
Increase in softening point (°C)| 1.0 15 2.0 2.0 2.0 2.5
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It was notable that mixtures witholaneSP showed the highest TSR valassshown

in Figure 5.

100
95

90

TSR (%)

85

80

75
Control ZycoTherm-SP NR4% NR5%+ZycoTherm-SP

Mix 1D

Figure 8. TSR Test Results [13]

2.3.HydratedLime Literature

On the other handy-R Kim et al.studied the effects diydrated lime in HMA on
moisture damage through AASHTO T 283 and Hamburg Wheslking tests. This study
examined different addition method for the Hydrated Lime (HL) and their effect on
moisture damage. Six aggregate souritese limestondased and three crushed grayels
were tested along with a PG-@2. HL was introduced using the dry and slurry meshod

Figure9 shows theSuperpavenixes designed for this study.
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- 1.0% dry lime ——mm———————— B2
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Figure 9. SuperpavéMixes Designed for this Study [14

It was notable in this stugdyhat the mixes treated with HL performed better than the
mixes thatwere nottreated an increase in stiffness was observed and an improvement in
asphakaggregate bonding was detected. It was @¢shicedhat the resistance to moisture
damage increased with the addition of Hydrated Lime, yet the improvement was decreased
with thefreezingthawing cycles.

Cheng et alstudied the effects of hydrated lime added to the asphalt mixtures but with
a smaller size: a superfine hydrated lime was pratidicen the regular hydrated lime
using the LA abrasion machifig5]. Using three types of aggregates, three types of WMA
additives an@ types of lime, 18 mixtures wepreparedand 108 specimens were tested
for antistripping properties such as indiréssile strengtliTS) and tensile strength ratio.

It was notable in this study that the ITS value of the mixtures matiosized hydrated
lime was higher than the mixtures with regular hydrated lime. When it comes for the TSR

values, all mixtures, whether havingnosized hydrated lime or regular hydratede,
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had values greater than 0.8 (AASHTQ@83. However Chenget al.(2011)concluded by

saying that the aggregates used had a big impact maltnes recorded.

Hesamiet al. evaluated the effects of addindg. to HMA mixtures on moisture

susceptibility by using theusface free energy meth¢d6]. Two types of aggregates were

used: limestone and granite. Tw@rm mix additives were used: Sasobit argpamin.

Hydrated lime was used as an asitip additive. The following tables show the chemical

composition and thehysical properties of the aggregates used respectively.

Table 15. Chemical Composition of the Two Types of Aggregfi€s

Properties Limestone Granite
pH 8.8 7.1
Silicon dioxide, SiO2 (%) 3.8 68.1
R203 (Al203 + Fe203) (%) 18 16.2
Aluminum oxide, Al203 (%) 1 14.8
Ferric oxide, Fe203 (%) 0.4 1.4
Magnesium oxide, MgO (%) 1.2 0.8
Calcium oxide, CaO (%) 51.3 2.4
Table 16. Physical Properties of the Aggregales]
Test Standard Limestone | Granite | Specification
Specific Gravity (Coarse Agg.| ASTM C127
Bulk 2.612 2.654
SSD 2.643 2.667
Apparent 2.659 2.692
Specific Gravity (Fine Agg.) | ASMT C128
Bulk 2.618 2.659
SSD 2.633 2.661
Apparent 2.651 2.688
Specific gravity (filler) ASTM D854 2.640 2.656
Los Angeles abrasion (%) ASTM C131 25.6 19 Max 45
(F(,'/Oa)t and elongated particles | \otyipaze1| 92 6.5 Max 10
Sodium sulfate soundness (% ASTM C88 2.55 1.5 Max 1020
Fineaggregate angularity Aslgg/lzc 46.65 56.3 Min 40
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The optimum bindecontent§ OBC) were found to be 5.4% and 4.9% with limestone
and granite aggregatasspectively Moreover, the percentagestof were 2% and 1.5%
by weightfor limestone and gratg, respectively. lgure7 shows the effect dfiL dosage

on theTSR results

90

..'i‘t."""Ill-i-.--l-l-l-ii-iii-i’-

85 " A

B0 4 swert

70 //
e

t"[.} ! I I
0 0.5 I 1.5

content of hydrate lime (%)

indirect tensile strength ratio (%)

[ =
[
n

+++#++ |[imestone aggregate —=&— granite aggregate

Figure 10. Effects of Hydrated Lime Coant on Tensile Strength Ratio [16

Furthermore, the addition dfiL reduced the acidurface free energy (SFE) and
increased the base SFE. finDecrease in total
over t he [16].dThigimptes that the rate of moisture damage is reduced.

This study impliedhat WMA additives increased tlaeid component of SFE, which
led to a decrease in adhesion betweendbfgregates and asphalt binddéowever the

addition of HL increased the base component of SFE and reduced theaaembnent,
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which improvedthe adhesion between the aggregates and asphdéir andeducel the
susceptibility to moisture damagdoreover HL reduced the polarity of theggregates,
which led to a hydrophobic behavior for the aggregatdsreover the addition ofHL

using the SFE method reduced the potential of strippingas deduced thahé most
resistant mixture against moisture damage is the one with Asphamin and limestone

aggregate covered by HL.

Khodai et al. evaluated the effect of different percentaggsHL on moisture
susceptibility using two different grading (gap and dense grdmirdetermining ITS and
TSR Along with two different warm mix additives (Sasobit and Asphamin), thfesrent
percentages dfiL were evaluatedTable 17below shows the physical properties of the

aggregates used.

Table 17. Physcal Properties of Aggregate$/]

values Asphalt Ipstitute
Test Standard (%) MST 2
Specifications (%)

LA Abrasion Loss AASHTO T 96 19 <30
Crushed in One Face ASTM D 5821 100 -

Crushed in Two Face ASTM D 5281 93 >03
Coating of Aggregate AASHTO T 182 97 >905
Flakiness BS1 812 20 <25
Sand Equivalent AASHTO T 175 75 >50
Sodium Sulfate Soundness AASHTO T 104 32 <<182

Figure 11 through 14how the ITS and TSR values recorded for dry and wet mixes.
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Khodaii et al.concluded that the addition &fL did not contribute to thencreaseof
dry ITS values. However, in saturated densetures, increasing the percentageHif
increased the saturated ITS values which reached a peak ati2Ro Bforeover, it was
deducted that gap graded mixtures induced a good moisture resistance without the use of
HL.

Behiryevaluate the effectof two antistripping additivesgainsimoisture damage for
different mixureswith HL and Portland cemefit8]. Marshallstability andTSRtestswvere
used toevaluate le resistance to moisture damageble 18 and Table 18how the

physical properties of the aggregates used.

Table 18. Physical Propentis of Aggregate$18]

Aggregate égl-i'g\]ﬂn;teiga Apparent Specific Gravity | Absorption [%]
Coarse Aggregati C127 2.600 3.1
Fine Aggregate C128 2.65 4.6
Mineral Filler C128 2.70 5.1

Table 19. Gradation of AggregatBlend[18].

Opening Size Gradation (%) Specification limits
IJ o 100 100

| o 90.5 83100

3/ 80 80.5 7990

No. 4 47.3 40-55

No. 10 33 25-38

No. 40 13.5 10-20

No. 80 9 6-15

No. 200 5.3 4-10

This study incorporated the usesefiwaterlt was deducethatasphalt specimens with
seavater exhibited lower Marshallstability and flow, resiliert modulus and stripping

resistance. However, the mixtures Wil had a higher Marshall quotient comparing to
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the unconditioned and cement treated specimens. Furthethmtese oHL increased the
tensile strength of theestedmixtures, whereas the cement did micrease the tensile

strength [18].

2.4. Literature Summary

In summary, theeview ofliterature compiledprimarily basedon TSR and HWT tests
of dense graded dsalt mixtures designed per the Marshall &uperpavemix design

methodsrevealed the following

1 ZycoSoilwasshown to be an effective asdirip additive with neat asphalt binder
at dosesangingfrom 0.05to0 0.1% by weight of binder.

1 IsolaneSP was shown to be an effective asdirip additive with neat, polymer
modified, andNR modified asphalt binders at doses ranging from 0.05 to 0.15% by
weight of binder.

9 IsolaneSP at doses ranging from 0.05 to 0.1% by weight of bindeishown to
provide simir moisture resistan@ehen compared with Hat doses ranging from
1.0to 1.5% by weight of aggregate.

1 IsolaneSPwasshown to be an effective asdirip additive when combined with
HL when and both thisolaneSP and lime doses are reduced below typddeve

1 IsolaneSP was shown to be an effective asdirip additive with a range of
aggregate sources and types.

1 The aldition of IsolaneSP to asphalt binder at dosesging betwee®.05 and

0.1% by weight of bindedid not change the PGf the control asphebinder, even
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though it results in a slight increase in stiffness at high temperatures and a slight

decrease in stiffness at low temperatures.
IsolaneSPwasreported to improve coating based on visual observations.

HL did not significantly increase theryd ITS. However, the addition oHL

increased well the wdTS.

The higher the percentagetldk wasused, the higher wdke TSRrecorded.
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Chapter 3: Experimental Plan and Scope of Work

3.1. Experimental Plan

The experimental plan wasvided into three main parts:

1) Boiling water (VIFAOT-MRD-10-12)[19], Draindown (ASTM D6390)[20] and
Cantabro (ASTM Dr064)[21].

2) Superpavenix design(AASHTO M 323and AASHTO R35)

3) Performance testdensile Strength Ratio (AASHTO 283)andHamburg Weel

Track (AASHTO T324)

The performance tests were done on the following mixtu@smtrol mixtures
(untreated)Lime treated mixturedsolaneSPtreatedmixtures (Treatment of the asphalt
binderand aggregat¢sand a ombination of lime andsolaneSP treated mixturesSix
Freezing and Thawing (FTEycles weradone for the performance tests. Testing was done

on 0, 1, 3and 6 FT cycles.

The experimental plampreviously mentionedvas conducted orthree sources of
aggregated-ockwood aggregates provideg Granite Construction Comparifat Creek
aggregateom California andRocky Ridge aggregates from Califormddong with these
three sources of aggretgs, threeasphalt bindersvere procured PG 64-28 NVPM
provided by Paramount Nevada AsphBiG64-28 PM provided byAlbina California and

PG64-16 provided by Valer@alifornia
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Sampling/Splitting

AASHTO R76-16[22]

Batching

Gradation

AASHTO T 27/T11[23-and 24]

Mix Design
AASHTO R 35:and\M:323:(along with the:Standard Specifications.-of the state, corresponding.to the two
SOUrces)
Untreated \Mixtures IsolaneSP Treated Mixtures Lime Treated Mixtures

Performance Tests

Tensile Strength Ratiol (TSR, Hamburg'Wheel Track (HWT)
AASHTO T 283 7 _ AASHTO T 324

Figure 17. Experimental Plan
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3.2. Scope of work

After collecting the aggregates from ttieeesources, each stockpile was quartered
and splitted following the guidelines of AASHTO ®-16. Thenthe gradation oeach
stockpilewas verifiedfollowing AASHTO T 27 andAASHTO T 11. The mix design was
perfamedin accordance witAAASHO R 35and AASHTOM 323 Lockwood aggregates
were evaluated in accordance with tBeandard Specifications for Road and Bridge
Construction of Nevada Department of Transportati@alifornia aggregates were
evaluated in accordaa with theStandard Specifications State of California Department

of Transportation (Caltrans)

After performingthe SuperpavéMix designssix samples of TSR anfdur samples of
HWT were prepared for each category of treatment: untreated mixtures;tremed
mixtures, andlsolaneSP treated mixtures. These tests were performed béig
subjected to multiple FEycles(0 FT, 1 FT, 3 FT, and 6 FHEsulting in aotal of 36 TSR
samples and 48 HWT sampjedowever, in this project, a combinationlsblaneSP and

Lime wasalso considered which led to testing much more TSR and HWT specimens

In order to determine th@ptimumdosage ofsolaneSP used in thisolaneSP treated
mixtures, threecontentswere considered0.05%, 0.1%, and 0.15% he TSR testvas
performed on the three sets of sampsesgpecimenger setthreeunconditioned samples

andthreeconditioned samples).

Usually, IsolaneSP is introduced to the asphalt mixturerbixing it with theasphalt
binderprior to mixing with aggregatet is added to the asphalt binder in the laboratory

using a syringe and mixed manually for a duration of two minttewever,this project
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extended the research on the treatmenhefaggregates bigolaneSP: following the
guidelines provided bthe compap, the aggregates were sprayed by a solution of water
andlsolaneSP with a dosage of 0.01% by weight of the aggregates.

Furthermoreafter testingsolaneSP,the companyroposed anothgroductisolane

SP2
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Chapter 4: Recommended Tests

4.1 Boiling waterand waterproof test

The company that produced IsolaBBrecommendshe boiling water test to evaluate
the asphaltmixture andthe waterprooftestto evaluatehe aggregateshese tests would
help todetermine whether theesphalt bindeand aggregate sources gmodcandidate to

successful performance tessults

4.1.1 Boiling water

Following the laboratory guidelines provided bye companyboiling water and
waterproof tests should be performedcteeck the compatibility ofsolaneSP withthe

procuredaggregates anglvaluated asphatinders

Boiling water test was performed following the guideline&/®fAOT-MRD 10-12.

Table 20 summarizebeboiling water testesults.

Table 20. Boiling Water Test Results

Aggregate | PG 64-16 with 0.1% 7 | 7€ 64’%’_31'},' /X;M with P?\lgti?ji'::\\//eps'\"
Lockwood 100% Coating 100% Coating 100% Coating
Hat Creek 100% Coating 100% Coating n/a
leeStem 100% Coating 100% Coating n/a

evada
Rocky Ridge 80-90% Coating 60-70% Coating 45-50% Coating

The literature has shown that aggregatesaaspthaltbinders that perform well with the
boiling water test will eventuallghow goodoerformance testesults Figure 18 through

26 showdifferent combinations of asphalt mixture after being tested waiking water



Figure 18. Boiling Test- Lockwoodi PG64-16/ 0.1%solaneSP
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Figure 19. Boiling Test- Lockwoodi PG64-28 NVPM / 0.1%solaneSP

Figure 20. Boiling Test- Hat Creek PG 6416/ 0.1%dsolaneSP
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Figure 21. Boiling Test- Hat Creeki PG64-28 NVPM / 0.1%solaneSP
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Figure 22. Boiling Test- Western Nevada PG64-16/ 0.1%solaneSP
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Figure 23. Boiling Test- Western Nevada PG64-28 NV PM / 0.1%solaneSP
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Figure 24. Boiling test- Rocky Ridge’ PG64-16/ 0.1%solaneSP
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Figure 26. Boiling Test- Rocky Ridger PG64-28 NVPM / No Additives



41

4.1.2 \Waterproof Test

Waterproof test wagerformedollowing the guictlines provided byhe companyFor
every 1000 grams of aggregates, 50 grams of a solution of watelsatatheSP were
sprayed on the aggregates. The dosageathneSP recommended ke Industry was
0.01% by weight of the aggregates. The aggregaéesethen dried and testedhe test
constitutes of spraying water on the aggregates and visually observing whether the

aggregates will absorb the water or not.

Table 21 summarizes the waterproof test results. Figure 27 thraulibpbaysome of

the aggegates after conducting the waterproof test.

Table 21. Waterproof Test Results

Aggregate Source Not Treated Treated with Isolane-SP
Lockwood Water Absorbed No absorption of water
Hat Creek Water Absorbed No absorption of water
Western Nevada Materials | Water Absorbed No absorption of water
Rocky Ridge Water Absorbed Water Absorbed




Figure 27. Western Nevada MateriaWaterproof

Figure 28. Lockwoodi Waterproof
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