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ABSTRACT 

 

Moisture damage of asphalt pavements has been a fundamental topic in the past few 

years. These pavements are designed to perform well in resisting heavy loads and high 

traffic volumes. However, when winter comes and the water infiltrates into the pavement, 

it freezes, and stripping occurs and therefore triggering other modes of failures. This is 

where Anti-Strip additives come to place. Historically, Lime has shown to be an effective 

additive on the issue of stripping. However, Lime treatment is expensive, and companies 

are trying to find alternatives with other chemicals or Liquid Anti-Strip additives. The 

literature shows that Liquid Anti-Strip 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 Anti-Strip additive will not be operative with all asphalt 

binders and aggregate sources.  

Isolane-SP, a new Liquid Anti-Strip additive in the market, has shown encouraging 

results for the past few years. Because of the outcomes recorded previously with Isolane-

SP outside Nevada and California, University of Nevada Reno has put Isolane-SP to test.  

This project consisted of studying the effects of Isolane-SP on two different asphalt 

binders, one from Nevada and one from California, in order to comprehend whether the 

chemicals of the additive and asphalt binder are compatible or not: as a consequence, it 

was deductible that the addition of Isolane-SP to the asphalt binder made it more 

susceptible for cracking. Furthermore, this project consisted of treating four sources of 

aggregates (Lockwood, Rocky Ridge, Hat Creek, and Western Nevada Materials) with 

Isolane-SP in order to waterproof the aggregates: the tests were positive, however, after 

leaving the aggregates in open air, Isolane-SP oxidized, and the aggregates absorbed the 
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water. Additionally, two asphalt mixtures, based on Nevada and California specification, 

were tested against moisture damage using Tensile Strength Ratio test and following it with 

Hamburg Wheel-Track test. Isolane-SP did not show the effectiveness anticipated and 

another additive called Isolane-SP2 was proposed. Isolane-SP2 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 moisture damage of asphalt pavements has been recognized by asphalt 

technologists for years. When water infiltrates a pavement structure, it can lead to 

premature failure of the asphalt mixture caused by a debonding of the asphalt binder from 

the surface of the aggregate. This is commonly referred to as ñstrippingò and is due to the 

loss of adhesion between the asphalt binder and aggregate or the loss of cohesion in the 

asphalt binder. Moisture damage can ultimately lead to multiple forms of pavement distress 

including raveling, permanent deformation, fatigue, and ultimately complete loss of 

integrity. 

Moisture damage could be a result of several factors [1]. Raw materials (asphalt binder 

and aggregate) selection, mixture design, structural design, environmental conditions, 

traffic loading, and construction can influence the resistance of an asphalt mixture to 

moisture damage. Factors that certainly accelerate moisture damage are climate and traffic 

loading. Adding to it, poor compaction practices can result in a low in-place density and 

therefore pavement structure that has poor drainage conditions. In particular, extreme 

weather conditions (e.g., freezing and thawing) and heavy traffic volumes are detrimental. 

Proper mixture design, including the use of anti-strip additives, coupled with good 

construction practices, will result in more moisture-resistant mixtures. 

Numerous philosophies have been proposed to identify and develop strategies and 

approaches to predict moisture damage and protect mixtures against stripping. Rice 

categorized these theories as chemical reactions, molecular orientation, and mechanical 

interlocking [2]. Chemical interactions are believed to be the best explanation of the 
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adhesive bond [3]. Additionally, all theories suggest that the bond between asphalt binder 

and aggregates is mostly influenced by the composition and chemistry of the asphalt 

binder. Hence, to improve the bond and prevent stripping, anti-strip additives are routinely 

used today. 

Typical anti-strip additives used are fatty amines, fatty amido-amines, and hydrated 

lime (HL) [1]. The amine-based antistrip additives are liquid and introduced to the asphalt 

binder in small doses, typically less than one percent by weight of asphalt binder. Hydrated 

lime is known to be a very effective antistrip additive, but it is not preferred by contractors 

due to storage, handling, metering, mixing, and health and safety requirements, as well as 

cost. Both contractors and agencies routinely seek new equally effective anti-strip additives 

to replace it. In response to this, a company in India developed an anti-strip additive and 

soil stabilizer called ZycoSoil. The product was then further refined, specifically for use in 

asphalt mixtures, as a combination anti-strip and warm mix asphalt (WMA) additive. It is 

called Isolane-SP. The intent of the combination is to 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]. 

Isolane-SP is intended to improve the asphalt binder coating of aggregates and allow 

for achieving higher in-place density. Moreover, it is designed to soften aged asphalt binder 

in recycled materials without jeopardizing mixture resistance to cracking, and thus improve 

asphalt mixture resistance to moisture damage. A comprehensive evaluation of Isolane-SP 

compared to HL as an anti-strip is planned on asphalt mixtures used in western U.S. states 

that typically incorporate HL. This effort will assess various benefits of using Isolane-SP 
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based on the most widely accepted laboratory tests for moisture damage, rutting, cracking, 

and oxidative aging.  
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Chapter 2: Literature Review 

 

A summary of available literature on the effectiveness of ZycoSoil, Isolane-SP, and, when 

available, comparisons to hydrated lime follows. The focus of literature review was placed 

on western states when possible. 

2.1. ZycoSoil Literature 

A two phase laboratory evaluation of ZycoSoil was conducted by Kim et al. [2]. The 

objective was to examine the effects of ZycoSoil on asphalt binder and mixture, and 

specifically to evaluate how effective ZycoSoil was as an anti-strip additive. In the first 

phase, a 1/2ò nominal maximum aggregate size (NMAS) Superpave mixture comprised of 

Georgia granite aggregate and PG 64-22 binder with a history of poor moisture resistance 

was evaluated. The PG 64-22 binder was used as the control and was dosed with 0.05% 

ZycoSoil. The performance grade (PG) of the binder with and without ZycoSoil was 

measured to asses if the addition of ZycoSoil reduced the stiffness of the binder, routinely 

observed with other liquid anti-strip additives. 

The produced mixture was evaluated in terms of resistance to moisture damage using 

Tensile Strength Ratio (TSR) and Hamburg Wheel-Tracking (HWT) tests. The mixture 

used conformed to the Superpave volumetric mix design requirements of AASHTO R 35 

and AASHTO M 323 [3, 4]. The properties of the control binder are presented in Table 1. 

The aggregate gradation of the mixture is shown in Figure 1. Table 1 shows a comparison 

of the PG binder grade of the control binder and the control dosed with 0.05% ZycoSoil by 

total weight of the binder. The data showed that ZycoSoil did not significantly affect the 

properties of the virgin binder, and the PG grade of the asphalt binder mixed with ZycoSoil 
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did not changed. The addition of ZycoSoil could not reduce the stiffness of the asphalt 

binder when compared with the effect of amine-based anti-strip agents. 

Table 1. Comparison between Control Binder and Binder with 0.05% ZycoSoil [2] 

Superpave Performance Grading Test Results 

Rotational Viscosity @ 135°C, AASHTO T316, PaS Test Results 

0.05% ZycoSoil 0.468 

Control 0.470 

Dynamic Shear Rheometer AASHTO T315 

Test Temperature, 64°C G*, KPa 
Phase 

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 
Phase 

Angle (°) 
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 Shear Rheometer AASHTO T315 

Test Temperature, 25°C G*, KPa 
Phase 

Angle (°) 
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% ZycoSoil 202 0.317 

Control 201 0.312 

PG Grade 64-22 
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Figure 1. Superpave mix gradation [2] 

 

TSR and HWT test results are summarized in Table 2. Figure 2 shows the HWT results 

for both mixtures. The addition of ZycoSoil improved the TSR from 85% to 92%. The 

HWT results showed that the number of passes corresponding to the stripping inflection 

points (SIP) for the mixture with ZycoSoil were 35% higher than that of the control 

mixture. It was concluded that ZycoSoil had the capability to decrease moisture damage of 

asphalt mixtures and it could be used efficiently as an anti-stripping agent. Based 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  
Control 

Mixture 

Mixture with 0.05% 

ZycoSoil 
Control Mixture 

Mixture with 

0.05% ZycoSoil 

Lithonia  85% 95% 4224 5697 
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(a) 

 
(b) 

Figure 2. Hamburg Wheel-Tracking Test Results: a) Control Mixture; b) Mixture with 

0.05% ZycoSoil [2] 
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In phase 2 of the project, the effort focused on two items which one was identifying the 

optimum dosage of ZycoSoil [2]. The other was to evaluate the potential of ZycoSoil to 

improve asphalt mixture resistance to moisture damage. The same PG 64-22 binder and 

aggregate source used in the first phase of the project were used along with a second 

aggregate source sampled from Georgia. The asphalt binder and manufactured mixtures 

were evaluated by adding ZycoSoil at doses of 0.05% and 0.1% by weight of asphalt 

binder. 

Table 3 shows the PG results of the asphalt binders without ZycoSoil (as a control 

binder), and with the two different dosages of ZycoSoil. No significant difference among 

the results was observed and all of the binders were graded as PG 64-22. The addition of 

ZycoSoil was not able to reduce the stiffness of the asphalt binder in the same way amine-

based anti-strip agents can. 

Table 3. Asphalt Binder Grading Summary [2] 

Binder: PG 64-22 with 0.0%, 0.05%, and 0.1% ZycoSoil 

Rotational Viscosity @ 135°C, AASHTO T316, PaS Test Results 

0.1% ZycoSoil 0.458 

0.05% ZycoSoil 0.468 

Control  0.470 

Dynamic Shear Rheometer AASHTO T315 

Test Temperature 

64°C 
G*, KPa 

Phase 

Angle 
G*/Sind , Kpa 

0.1% ZycoSoil 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 

64°C 
G*, KPa 

Phase 

Angle 
G* / Sind, 

KPa 

0.1% ZycoSoil 4.00 82.7 4.02 

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 Shear Rheometer AASHTO T315 
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Test Temperature 

25°C 
G*, KPa 

Phase 

Angle 
G* Sind, KPa 

0.1% ZycoSoil 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 Temperature  

-12°C 
Stiffness, MPa m-value 

0.1% ZycoSoil 186 0.314 

0.05% ZycoSoil 202 0.317 

Control 201 0.312 

PG Grade 

0.1% ZycoSoil 64-22 

0.05% ZycoSoil 64-22 

Control 64-22 

 

Two Georgia aggregate sources were selected and were identified as Lithonia and 

Lithia Springs sources. Figure 3 illustrates the gradation selected for each source. The 

produced mixtures met all the Superpave volumetric mix design criteria in accordance with 

AASHTO R 35 and M 323 [3, 4]. 

 

 

Figure 3. Gradation for Lithonia and Lithia Spring [2] 
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The evaluation of the mixtures for moisture susceptibility was executed using the TSR 

per AASHTO T 283 [6]. The TSR results are summarized in Table 4: it can be seen that 

ZycoSoil improved significantly the moisture resistance of both mixtures. The TSR values 

of the mixtures with 0.05% ZycoSoil were 95% compared to 82% for the control mixture. 

Moreover, for the mixtures with 0.1% ZycoSoil, the TSR values were 99% and 100% when 

compared to 82% for the control mixture. 

Table 4. TSR Test Results [2] 

Tensile Strength Ratio (TSR) 

Mixture  
Control 

Mixture  

0.05% 

ZycoSoil 
0.1% ZycoSoil 

Lithonia  85% 95% 99% 

Lithia Springs 82% 95% 100% 

Dry Strength / Wet Strength (psi) 

Mixture  
Control 

Mixture  

0.05% 

ZycoSoil 
0.1% ZycoSoil 

Lithonia  160/188 150/158 174/175 

Lithia Springs 136/166 152/160 167/168 

 

Based on the two-phase study, it was determined that ZycoSoil is an effective asphalt 

mixture anti-strip additive. Moreover, it was also recommended that additional evaluation 

must be performed on different binders and aggregates. 

2.2. Isolane-SP Literature 

During the 2018 construction season, full -scale field test sections were constructed on 

a California Department of Transportation (Caltrans) project to evaluate ZycoSoil and 

Isolane-SP in comparison to the standard project mixture that incorporated lime as an anti-

strip additive (Berger et al., 2019) [5]. The standard mixture was a İò NMAS Superpave 

mixture [5]. The project was located in East Red Bluff, Tehama County California. The 
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project included about 3,000 tons of hot mix asphalt (HMA) dosed with 0.05% ZycoSoil 

instead of lime. Table 5 illustrates the TSR results obtained per AASHTO T 283 on 

laboratory Job Mix Formula (JMF) and plant produced mix samples (Production Startup 

Evaluation). 

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

Anti -strip Agent Dose (%) 

TSR Results for 

JMF Verification  

(%) 

TSR Results for 

Production 

Startup 

Evaluation (%) 

Control  0.00 84 - 

ZycoSoil 0.05 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 the plant-produced mix, the 

observed TSR values were 87% and 93% for the ZycoSoil and lime marinated mixtures, 

respectively. The ZycoSoil and lime marination provided similar performance.  Berger et 

al. (2019) stated that, ñWhile doing a visual inspection, there was no difference between 

the pavement with lime slurry marination and that with ZycoSoilò. 

The Isolane-SP dose recommended by the industry was 0.075% by weight of binder, 

rather than 0.5%, because the mix contained Recycled Asphalt Pavement (RAP). The 

aggregate and RAP gradations are shown in Table 6. To determine the effectiveness of the 

Isolane-SP, the control mix and the same mix dosed with Isolane-SP were tested using 

AASHTO T 283, AASHTO T 324 , and the Extended Boiling Test (EBT) per ASTM D 

3625 [6, 7, 8]. 
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Table 6. Stony Creek Aggregate gradation [9] 

Material 

Size 
Ĳò İò 3/8ò Dust 

Washed 

Dust 
RAP 

Combined 

Gradation 

Material 

(%) 
12 22 13 13 25 15 100 

Sieve 

Size 
% Passing 

1ò 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Ĳò 88.0 100.0 100.0 100 100.0 100.0 99.0 

İò 7.0 78.0 100.0 100 100.0 100.0 84.0 

3/8ò 4.0 16.0 92.0 100 100.0 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 32.0 

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 dosed with 0.075% Isolane-SP performed 

slightly better than the control mix. The TSR was slightly higher and the mixture withstood 

an additional 5,000 passes in the HWT test compared to the control mixture. Both mixtures 

exhibited a 100% coating in the EBT. It was also reported that based on laboratory work, 

the addition of Isolane-SP facilitated coating aggregates during mixing and compacting the 

produced mixtures to the desired density. 
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Table 7. Summary of Isolane-SP Testing Results [9] 

  DOSAGE OF ISOLANE  SP 

Quality Characteristic 
Test 

Method 
Control  0.075% 

Moisture Susceptibility 

(average dry strength, psi) 

AASHTO 

T 283 
137.43 138.80 

Moisture Susceptibility 

(average wet strength, psi) 

AASHTO 

T 283 
124.19 128.40 

Tensile Strength Ratio 

(S2/S1, %) 

AASHTO 

T 283 
90% 93% 

Hamburg Wheel Track 

(average minimum number 

of passes at 0.5 inches rut 

depth) 

AASHTO 

T 324 
>20,000 >25,000 

Hamburg Wheel Track 

(average inflection point 

minimum number of 

passes) 

AASHTO 

T 324 
>20,000 >25,000 

Boiling Water Test 

(average % coating, visual 

observations) 

ASTM D 

3625 

100%, dull 

finish, more 

fines observed, 

dry looking 

100% coated: shiny, 

coated aggregates, clusters 

stuck together, less fines 

observed 

 

 

Raveesh et al. evaluated the effectiveness of Isolane-SP on Marshall mix designs using 

a single aggregate source (Tavarekere quarry), three viscosity graded neat binders and two 

anti-strip additives [10]. The material specifications and design procedures were per Indian 

Standards [11]. The binder grades were VG-10, VG-30 and CRMB-55. The anti-strip 

additives were hydrated lime at a dosage of 1.1%, Isolane-SP at a dose of 0.10% by weight 

of binder for the neat binders, and 0.135% for the CRMB binder. 

Resistance to moisture damage was assessed using Marshall Stability and TSR on both 

HMA and WMA. Figure 4 shows that the use of Isolane-SP, with both neat and CRMB 

binders, slightly increased the Marshall Stability. The authors indicated that the use of 

Isolane-SP was also able to reduce the mixing temperature. TSR test results indicated that 

WMA mixes showed better performance when compared with the HMA mixes. 
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Figure 4. Marshall Stability Results for both HMA and WMA [10] 

For the recent Caldwell Bridgeway Project, Caltrans evaluated the effectiveness of 

Isolane-SP and lime marination on a Caltrans HMA Type A mixture that incorporated 15% 

RAP [12]. The Isolane-SP 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 sensitivity of the mixtures. Table 8 shows a summary 

of TSR test results on mixtures performed both on laboratory prepared samples by Caltrans 

(for JMF Verification) and plant produced lab compacted samples by the contractor and 

laboratories. Both lime and Isolane-SP significantly improved the moisture resistance of 

the HMA. However, Isolane-SP increased the TSR by an average of 74% while lime 

marination only increased it by 38%. Interestingly, the TSR values on the plant produced 

lab compacted mixes treated with Isolane-SP were 10% to 20% greater than the lab mixed 

lab compacted samples. 
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Table 8. TSR Results for Caldwell Bridgeway Project [12] 

Sample Type 

TSR among Antistrip Additives 

Untreated 1.1% Lime 
0.1% Isolane-SP 

TSR Average 

JMF Verification  45% 62% 

58% 
68% 

 
85% 

60% 

Contractor Test 

Results 

No Reported 

Data 

No Reported 

Data 

84% 
90% 

96% 

Laboratories Test 

Results 

No Reported 

Data 

No Reported 

Data 

83% 
83% 

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. The mixtures 

were treated with 1.1% lime and 0.1% Isolane-SP. The HWT results are summarized in 

Table 9. The rut depths observed after 25,000 wheel passed averaged 0.2 inch for both lime 

and Isolane-SP treated mixes. The SIP occurred at over 9000 wheel passes for both lime 

and Isolane-SP 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 

Isolane-SP treated mixes. The binder used with both projects was PG 64-28 M (M = 

Modified). 
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Table 9. Caldwell Bridge and Johnson Park HWT Results [12] 

Project 

Name 

Mixture 

Type 

Binder 

Content 

(%) 

RAP 

(%) 

Additive 

Used 

HWT Results at 

25,000 Passes (inch) 
SIP (Passes) 

Left  Right Left  Right 

Johnson 

Park 3R 

Ĳò Type 

A HMA  
5.3 15 1.1% Lime 0.1 0.1 >25,000 >25,000 

Johnson 

Park 3R 

Ĳò Type 

A HMA  
5.3 15 1.1% Lime 0.1 0.1 >25,000 >25,000 

Caldwell 

Bridgeway 

Ĳò Type 

A HMA  
5.1 15 1.1% Lime 0.4 0.2 9,661 >25,000 

Average 0.3 0.1 >25,000 

Caldwell 

Bridgeway 

Ĳò Type 

A HMA  
5.1 15 

0.1% 

Isolane-SP 
0.2 0.1 12,627 >25,000 

Caldwell 

Bridgeway 

Ĳò Type 

A HMA  
5.1 15 

0.1% 

Isolane-SP 
0.2 0.2 >25,000 >25,000 

Caldwell 

Bridgeway 

Ĳò Type 

A HMA  
5.1 15 

0.1% 

Isolane-SP 
0.1 0.1 16,800 >25,000 

Caldwell 

Bridgeway 

Ĳò Type 

A HMA  
5.1 15 

0.1% 

Isolane-SP 
0.2 0.4 >25,000 9,353 

Average 0.2 0.2   

 

Peyman studied the effectiveness of Isolane as a liquid anti-strip and nano-organosilane 

warm mix and anti-stripping additive [12]. A single 60/70 Penetration Grade asphalt binder 

was used along with two aggregate sources: one was siliceous and the other was calcareous. 

Two gradations were established per aggregate source. The mixtures were designed per the 

Marshall method, specifically to local Iranian asphalt mixture standards. Properties of the 

asphalt binder used are shown in Table 10. Table 11 shows the properties of the Isolane 

used. Table 12 shows the gradation specifications and actual mixture gradations. One mix 

was a No. 4 Gradation (3/4ò) while the other was a No. 5 Gradation (1/2ò) (Gradation 

Number 4 and 5 are shown Table 12). 

 

 

 

 



17 

 

Table 10. Properties of the Asphalt Binder [12] 

Test 

Test 

Temperature 

(°C) 

Standard Test Result Limits  Unit  

Penetration 25 ASTM D 5-73 63 60-70 (0.1) mm 

Ductility  25 
ASTM D 113-

79 
>100 >100 cm 

Specific Gravity 25 
ASTM D 70-

76 
1.03 - gr/cm3 

Solubility in 

Trichloroethylene 
- 

ASTM D 

2042-76 
99.2 >99 % 

Loss of Heating - 
ASTM D 

1754-78 
0.75 0-0.8 % 

Flash Point 

(Cleveland) 
- 

ASTM D 92-

78 
310 >232 °C 

Softening Point - 
ASTM D 36-

76 
49 49-56 °C 

Kinematic 

Viscosity 
120 

ASTM D 

2170-85 
810 - mm2/s 

Penetration 

Index 
- - -0.915 - - 

 

Table 11. Properties of Isolane [12] 

Properties Isolane 

Specific Gravity (gr/cm3) 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 4.75 2.36 0.3 0.75 

Gradation No. 4 

specification limits (%) 
100 90-100 - 44-74 28-58 5-21 2-10 

Gradation No. 4 Percent 

Passing (%) 
100 95 - 59 43 13 6 

Gradation No. 5 

specification limits (%) 
- 100 90-100 55-85 32-67 7-23 2-10 

Gradation No. 5 Percent 

Passing (%) 
- 100 95 70 50 15 6 
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X-Ray Fluorescence (XRF) and Fourier Transformed Infrared spectroscopy (FTIR) 

were used to assess the impact of Isolane on both virgin and modified binders. Resistance 

to moisture damage was evaluated with TSR (AASHTO T 283), Resilient Modulus Ratio 

(RMR), Marshall Stability Ratio (MSR), and Fracture Energy Ratio (FER). 

Based on the test results, multiple observations were made as follows. The Isolane anti-

strip additive had a greater influence on the siliceous aggregate when compared with the 

calcareous aggregate because siliceous aggregates are more susceptible to moisture 

damage [12]. The TSR tests, for both mixtures, showed higher strengths on wet conditioned 

samples with Isolane-SP and thus higher TSR values for both. The amount of increase in 

TSR for the 1/2ò mixture (finer gradation) was greater than the amount of increase for the 

Ĳò mixture. It was suggested that mixtures made with finer gradations are more susceptible 

to moisture damage because of the greater aggregate surface area. Consequently, the 

samples treated with Isolane-SP showed higher FER values, demonstrating that dosing 

with Isolane resulted in greater energy required to break the bonds. This also suggested 

that Isolane-SP improved resistance to moisture damage. Figure 5 through 7 illustrate the 

results for RMR, MSR and FER tests, respectively. 
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Figure 5. Resilient Modulus Ratio (RMR) values [12] 

 

Figure 6. Marshall Stability Ratio Values [12] 
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Figure 7. Fracture Energy Ratio (FER) Values [12] 

 

Chowdhury et al. studied the effect of adding natural rubber (NR) and Isolane-SP to 

asphalt binder on the moisture resistance of asphalt mixtures [13]. The Marshall Mix  design 

method was used to design the control mixture. Four dense graded asphalt mixtures were 

tested. The procured asphalt binders were the control, a NR modified binder, an Isolane-

SP dosed binder, and a NR modified binder with Isolane-SP. Table 13 shows the properties 

of the evaluated asphalt binders as a function of NR dose. Table 14 shows properties of the 

asphalt binder with the addition of 0.15% Isolane-SP as a function of NR dose. The addition 

of Isolane-SP to the NR modified binder decreased the stiffness of the binder at lower 

temperatures meanwhile increased it at high temperatures. The TSR test was used to assess 

resistance to moisture damage of the control mixture, 0.15% Isolane-SP dosed mixture, 
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SP dosed mixtures best performed with a TSR of 97%. It also allowed for reduced mixing 

and compaction temperatures and increased the resistance to moisture damage. This study 

illustrated that Isolane-SP could be used as both an anti-strip and warm mix additive 

successfully with NR modified asphalt binder. 

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

Properties 
NR (%) 

0 1 2 3 4 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 

Kinematic viscosity (cSt) at 150°C, 

CSt 
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 163ºC (%) -0.62 -0.27 -0.26 -0.43 -0.49 -0.52 

Reduction of penetration at 25°C 

(%)  
22.7 16.7 18.8 16.5 19.0 20.2 

Increase in softening point (°C) 4.0 3.5 3.0 3.0 3.5 4.0 

 

Table 14. Characterization of Isolane-SP and NR modified asphalt binders [13] 

Properties 
Isolane modified NR (%) 

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 163ºC (%) -0.86 -0.43 -0.46 -0.52 -0.57 -0.63 

Mass change at 135ºC (%) -0.40 -0.23 -0.14 -0.26 -0.29 -0.32 

Reduction of penetration at 

25°C (%) 
17.5 16.7 12.5 10.5 12.7 15.2 

Increase in softening point (°C) 1.0 1.5 2.0 2.0 2.0 2.5 
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It was notable that mixtures with Isolane-SP showed the highest TSR values as shown 

in Figure 5. 

 

 

Figure 8. TSR Test Results [13] 

2.3. Hydrated Lime Literature 

On the other hand, Y-R Kim et al. studied the effects of hydrated lime in HMA on 

moisture damage through AASHTO T 283 and Hamburg Wheel-Tracking tests. This study 

examined different addition method for the Hydrated Lime (HL) and their effect on 

moisture damage. Six aggregate sources, three limestone-based and three crushed gravels, 

were tested along with a PG 64-22. HL was introduced using the dry and slurry methods. 
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Figure 9. Superpave Mixes Designed for this Study [14] 

It was notable in this study, that the mixes treated with HL performed better than the 

mixes that were not treated: an increase in stiffness was observed and an improvement in 

asphalt-aggregate bonding was detected. It was also deduced that the resistance to moisture 

damage increased with the addition of Hydrated Lime, yet the improvement was decreased 

with the freezing-thawing cycles. 

Cheng et al. studied the effects of hydrated lime added to the asphalt mixtures but with 

a smaller size: a superfine hydrated lime was produced from the regular hydrated lime 

using the LA abrasion machine [15]. Using three types of aggregates, three types of WMA 

additives and 2 types of lime, 18 mixtures were prepared, and 108 specimens were tested 

for anti-stripping properties such as indirect tensile strength (ITS) and tensile strength ratio. 

It was notable in this study that the ITS value of the mixtures with nano-sized hydrated 

lime was higher than the mixtures with regular hydrated lime. When it comes for the TSR 

values, all mixtures, whether having nano-sized hydrated lime or regular hydrated lime, 
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had values greater than 0.8 (AASHTO T 283). However, Cheng et al. (2011) concluded by 

saying that the aggregates used had a big impact on the values recorded. 

Hesami et al. evaluated the effects of adding HL to HMA mixtures on moisture 

susceptibility by using the surface free energy method [16]. Two types of aggregates were 

used: limestone and granite. Two warm mix additives were used: Sasobit and Asphamin. 

Hydrated lime was used as an anti-strip additive. The following tables show the chemical 

composition and the physical properties of the aggregates used respectively. 

Table 15. Chemical Composition of the Two Types of Aggregates [16] 

Properties Limestone Granite 

pH 8.8 7.1 

Silicon dioxide, SiO2 (%) 3.8 68.1 

R2O3 (Al2O3 + Fe2O3) (%) 18 16.2 

Aluminum oxide, Al2O3 (%) 1 14.8 

Ferric oxide, Fe2O3 (%) 0.4 1.4 

Magnesium oxide, MgO (%) 1.2 0.8 

Calcium oxide, CaO (%) 51.3 2.4 

Table 16. Physical Properties of the Aggregates [16] 

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 

Flat and elongated particles 

(%) 
ASTM D4791 9.2 6.5 Max 10 

Sodium sulfate soundness (%) ASTM C88 2.55 1.5 Max 10-20 

Fine aggregate angularity 
ASTM C 

1252 
46.65 56.3 Min 40 
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The optimum binder contents (OBC) were found to be 5.4% and 4.9% with limestone 

and granite aggregates, respectively. Moreover, the percentages of HL were 2% and 1.5% 

by weight for limestone and granite, respectively. Figure 7 shows the effect of HL dosage 

on the TSR results. 

 

 

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

Furthermore, the addition of HL reduced the acid surface free energy (SFE) and 

increased the base SFE. ñDecrease in total SFE improves water retention of asphalt binder 

over the aggregateò [16]. This implies that the rate of moisture damage is reduced. 

This study implied that WMA additives increased the acid component of SFE, which 

led to a decrease in adhesion between the aggregates and asphalt binder. However, the 

addition of HL increased the base component of SFE and reduced the acid component, 
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which improved the adhesion between the aggregates and asphalt binder and reduced the 

susceptibility to moisture damage. Moreover, HL reduced the polarity of the aggregates, 

which led to a hydrophobic behavior for the aggregates. Moreover, the addition of HL 

using the SFE method reduced the potential of stripping. It was deduced that the most 

resistant mixture against moisture damage is the one with Asphamin and limestone 

aggregate covered by HL. 

 

Khodaii et al. evaluated the effect of different percentages of HL on moisture 

susceptibility using two different grading (gap and dense grading by determining ITS and 

TSR. Along with two different warm mix additives (Sasobit and Asphamin), three different 

percentages of HL were evaluated. Table 17 below shows the physical properties of the 

aggregates used. 

Table 17. Physical Properties of Aggregates [17] 

Test Standard 
Values 

(%) 

Asphalt Institute 

MS ï 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 >93 

Coating of Aggregate AASHTO T 182 97 >95 

Flakiness BS ï 812 20 <25 

Sand Equivalent AASHTO T 175 75 >50 

Sodium Sulfate Soundness AASHTO T 104 
2.9 <12 

0.4 <8 

 

Figure 11 through 14 show the ITS and TSR values recorded for dry and wet mixes. 
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Figure 11. Dry ITS values of Dense Graded Mixtures [17] 

Figure 12. Saturated ITS values of Dense Graded Mixtures [17] 
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Figure 13. TSR values of Dense Graded Mixtures [17] 

Figure 14. Dry ITS values of Dense Graded Mixtures [17] 
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Figure 15. Saturated ITS values of Dense Graded Mixtures [17] 

Figure 16. TSR values of Dense Graded Mixtures [17] 
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Khodaii et al. concluded that the addition of HL did not contribute to the increase of 

dry ITS values. However, in saturated dense mixtures, increasing the percentage of HL 

increased the saturated ITS values which reached a peak at 2% of HL. Moreover, it was 

deducted that gap graded mixtures induced a good moisture resistance without the use of 

HL. 

Behiry evaluated the effect of two anti-stripping additives against moisture damage for 

different mixtures with HL and Portland cement [18]. Marshall stability and TSR tests were 

used to evaluate the resistance to moisture damage. Table 18 and Table 19 show the 

physical properties of the aggregates used. 

Table 18. Physical Properties of Aggregates [18] 

Aggregate 
ASTM Test 

Designation 
Apparent Specific Gravity Absorption [%]  

Coarse Aggregate C127 2.600 3.1 

Fine Aggregate C128 2.650 4.6 

Mineral Filler C128 2.720 5.1 

Table 19. Gradation of Aggregate Blend [18]. 

Opening Size Gradation (%)  Specification limits 

Ĳò 100 100 

İò 90.5 83-100 

3/8ò 80.5 79-90 

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 use of seawater: It was deduced that asphalt specimens with 

seawater exhibited lower Marshall stability and flow, resilient modulus, and stripping 

resistance. However, the mixtures with HL had a higher Marshall quotient comparing to 
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the unconditioned and cement treated specimens. Furthermore, the use of HL increased the 

tensile strength of the tested mixtures, whereas the cement did not increase the tensile 

strength [18]. 

 

2.4. Literature Summary 

In summary, the review of literature, compiled primarily based on TSR and HWT tests 

of dense graded asphalt mixtures designed per the Marshall and Superpave mix design 

methods, revealed the following: 

¶ ZycoSoil was shown to be an effective anti-strip additive with neat asphalt binder 

at doses ranging from 0.05 to 0.1% by weight of binder. 

¶ Isolane-SP was shown to be an effective anti-strip additive with neat, polymer 

modified, and NR modified asphalt binders at doses ranging from 0.05 to 0.15% by 

weight of binder. 

¶ Isolane-SP at doses ranging from 0.05 to 0.1% by weight of binder was shown to 

provide similar moisture resistance when compared with HL at doses ranging from 

1.0 to 1.5% by weight of aggregate. 

¶ Isolane-SP was shown to be an effective anti-strip additive when combined with 

HL when and both the Isolane-SP and lime doses are reduced below type levels. 

¶ Isolane-SP was shown to be an effective anti-strip additive with a range of 

aggregate sources and types. 

¶ The addition of Isolane-SP to asphalt binder at doses ranging between 0.05 and 

0.1% by weight of binder did not change the PG of the control asphalt binder, 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. 

¶ Isolane-SP was reported to improve coating based on visual observations. 

¶ HL did not significantly increase the dry ITS. However, the addition of HL 

increased well the wet ITS. 

¶ The higher the percentage of HL was used, the higher was the TSR recorded. 
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Chapter 3: Experimental Plan and Scope of Work: 

3.1. Experimental Plan  

The experimental plan was divided into three main parts: 

1) Boiling water (VT-AOT-MRD-10-12) [19], Drain-down (ASTM D 6390) [20] and 

Cantabro (ASTM D 7064) [21]. 

2) Superpave mix design (AASHTO M 323 and AASHTO R 35) 

3) Performance tests: Tensile Strength Ratio (AASHTO T 283) and Hamburg Wheel 

Track (AASHTO T 324) 

The performance tests were done on the following mixtures: Control mixtures 

(untreated), Lime treated mixtures, Isolane-SP treated mixtures (Treatment of the asphalt 

binder and aggregates), and a combination of lime and Isolane-SP treated mixtures. Six 

Freezing and Thawing (FT) cycles were done for the performance tests. Testing was done 

on 0, 1, 3 and 6 FT cycles. 

The experimental plan previously mentioned was conducted on three sources of 

aggregates: Lockwood aggregates provided by Granite Construction Company, Hat Creek 

aggregates from California, and Rocky Ridge aggregates from California. Along with these 

three sources of aggregates, three asphalt binders were procured: PG 64-28 NVPM 

provided by Paramount Nevada Asphalt, PG 64-28 PM provided by Albina California, and 

PG 64-16 provided by Valero California. 
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Figure 17. Experimental Plan 
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3.2. Scope of work 

After collecting the aggregates from the three sources, each stockpile was quartered 

and splitted following the guidelines of AASHTO R 76-16. Then, the gradation of each 

stockpile was verified following AASHTO T 27 and AASHTO T 11. The mix design was 

performed in accordance with AAASHO R 35and AASHTO M 323. Lockwood aggregates 

were evaluated in accordance with the Standard Specifications for Road and Bridge 

Construction of Nevada Department of Transportation; California aggregates were 

evaluated in accordance with the Standard Specifications State of California Department 

of Transportation (Caltrans). 

After performing the Superpave Mix designs, six samples of TSR and four samples of 

HWT were prepared for each category of treatment: untreated mixtures, Lime-treated 

mixtures, and Isolane-SP treated mixtures. These tests were performed after being 

subjected to multiple FT cycles (0 FT, 1 FT, 3 FT, and 6 FT resulting in a total of 36 TSR 

samples and 48 HWT samples). However, in this project, a combination of Isolane-SP and 

Lime was also considered which led to testing much more TSR and HWT specimens.  

In order to determine the optimum dosage of Isolane-SP used in the Isolane-SP treated 

mixtures, three contents were considered: 0.05%, 0.1%, and 0.15%. The TSR test was 

performed on the three sets of samples (six specimens per set: three unconditioned samples 

and three conditioned samples). 

Usually, Isolane-SP is introduced to the asphalt mixture by mixing it with the asphalt 

binder prior to mixing with aggregate: it is added to the asphalt binder in the laboratory 

using a syringe and mixed manually for a duration of two minutes. However, this project 
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extended the research on the treatment of the aggregates by Isolane-SP: following the 

guidelines provided by the company, the aggregates were sprayed by a solution of water 

and Isolane-SP with a dosage of 0.01% by weight of the aggregates.  

 Furthermore, after testing Isolane-SP, the company proposed another product Isolane-

SP2.  
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Chapter 4: Recommended Tests  

4.1 Boiling water and waterproof test: 

The company that produced Isolane-SP recommends the boiling water test to evaluate 

the asphalt mixture and the waterproof test to evaluate the aggregates. These tests would 

help to determine whether the asphalt binder and aggregate sources are good candidate to 

successful performance test results. 

4.1.1 Boiling water 

Following the laboratory guidelines provided by the company, boiling water and 

waterproof tests should be performed to check the compatibility of Isolane-SP with the 

procured aggregates and evaluated asphalt binders. 

Boiling water test was performed following the guidelines of VT-AOT-MRD 10-12. 

Table 20 summarizes the boiling water test results. 

Table 20. Boiling Water Test Results 

Aggregate PG 64-16 with 0.1% Z 
PG 64-28 NVPM with 

0.1% Z 

PG 64-28 NVPM 

No additives 

Lockwood 100% Coating 100% Coating 100% Coating 

Hat Creek 100% Coating 100% Coating n/a 

Western 

Nevada 
100% Coating 100% Coating n/a 

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

 

The literature has shown that aggregates and asphalt binders that perform well with the 

boiling water test will eventually show good performance test results. Figure 18 through 

26 show different combinations of asphalt mixture after being tested under boiling water. 
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Figure 18. Boiling Test - Lockwood ï PG 64-16 / 0.1%Isolane-SP 

 

Figure 19. Boiling Test - Lockwood ï PG 64-28 NVPM / 0.1%Isolane-SP 

 

Figure 20. Boiling Test - Hat Creek - PG 64-16 / 0.1%Isolane-SP 
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Figure 21. Boiling Test - Hat Creek ï PG 64-28 NVPM / 0.1%Isolane-SP 

 

Figure 22. Boiling Test - Western Nevada ï PG 64-16 / 0.1%Isolane-SP 

 

Figure 23. Boiling Test - Western Nevada ï PG 64-28 NV PM / 0.1%Isolane-SP 
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Figure 24. Boiling test - Rocky Ridge ï PG 64-16 / 0.1%Isolane-SP 

 

Figure 25. Boiling Test - Rocky Ridge ï PG 64-28 NVPM / 0.1%Isolane-SP 

 

Figure 26. Boiling Test - Rocky Ridge ï PG 64-28 NVPM / No Additives 
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4.1.2 Waterproof Test 

Waterproof test was performed following the guidelines provided by the company. For 

every 1,000 grams of aggregates, 50 grams of a solution of water and Isolane-SP were 

sprayed on the aggregates. The dosage of Isolane-SP recommended by the Industry was 

0.01% by weight of the aggregates. The aggregates were then dried and tested. The 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 through 31 display some of 

the aggregates 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 
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Figure 27. Western Nevada Material - Waterproof 

 

Figure 28. Lockwood ï Waterproof 


