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Abstract 

The durability of asphalt mixtures is crucial in determining road pavements' durability and 

overall performance. One aspect that influences the durability of asphalt mixtures is the 

gradation of the mixture. This thesis examines the impact and performance of fine 

aggregate dense gradation on the durability of asphalt mixtures. 

Several studies have reported that asphalt mixtures with finer aggregate gradations exhibit 

lower air void content and higher moisture damage resistance than coarser aggregate 

gradations. Moreover, finer gradations have enhanced the stiffness and strength of asphalt 

mixtures, resulting in improved resistance to permanent deformation and fatigue cracking.  

However, the fine aggregate dense gradation has also been reported to negatively impact 

the durability of asphalt mixtures. For instance, the finer particles tend to fill the voids 

between coarse aggregates, leading to reduced permeability, which can lead to more 

damage from freeze-thaw cycles. Furthermore, finer aggregate gradations can make asphalt 

mixtures more susceptible to rutting at high temperatures. 

In conclusion, the fine aggregate ease gradation is a critical factor that affects the durability 

of asphalt mixtures. Carefully considering the fine aggregate gradation when designing 

asphalt mixtures is crucial to ensure long-lasting and sustainable pavement infrastructure. 

Achieving a well-balanced mixture of stability and durability, as determined by its 

susceptibility to rutting and cracking, shows potential when the aggregate gradation is 

optimized. Further research is recommended to explore the optimal gradation of fine 

aggregate ease that balances the benefits and drawbacks of various gradation sizes with 

different aging levels. 
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Chapter 1: Introduction 

1.1 Background 

The ability of compacted asphalt concrete to maintain its structural integrity over its 

expected service life when subjected to environmental and traffic loading damage is 

referred to as asphalt mixture durability. One of several factors that influence pavement 

durability is the ability of pavement to maintain an acceptable level of performance 

throughout its expected service life without significant maintenance [1].  

Asphalt mixture durability has been the primary focus of the asphalt industry in the last 

several years. Three factors can significantly impact mixture durability: the amount of 

effective asphalt binder in a mixture, the amount of material passing the number 200 sieve 

(P200), and the compatibility of each unique combination of asphalt binder and aggregate 

source. Many State Departments of Transportation (DOTs) have been using different 

index-based performance tests to evaluate the laboratory performance of mix design and 

material changes on asphalt mixture rutting and cracking performance. NDOT has been 

working on this as well under the CY2020-CY2021 agreement. A comprehensive 

evaluation of the impact of P200 on mixture rutting and cracking was conducted on seven 

mixtures from across the State that included materials from all three NDOT Districts. Three 

levels of p200 were considered in laboratory-mixed laboratory-compacted (LMLC) and 

field-mixed laboratory-compacted (FMLC) mixtures. The results illustrated that as dust 

proportion, the ratio of effective asphalt content to p200 increases cracking resistance 

decreases. 
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This study aimed to examine the effects of fine aggregate asphalt gradations on mixture 

durability. Specifically, the research investigated how the volumetrics and gradation 

affected the performance of laboratory asphalt mixtures. Further, the mixtures were 

modeled using AASHTOWare Pavement Mechanical-Empirical Design Software to 

evaluate the field performance. 

1.2 Research Objectives 

To accomplish the objectives of this study outlined in the background, the following tasks 

were undertaken: 

• Conduct a literature review based on current and relevant research. 

• Evaluation of laboratory asphalt mixtures made with finer and cleaner gradations 

within the NDOT Type 2 and Type 2C specifications. 

• Characterization of the asphalt mixtures’ performance using the following index 

and performance-based test methods: Hamburg Wheel Track Test (HWTT), CT-

index, Dynamic modulus (E*), Texas Overlay (TxOL) and Beam Fatigue tests.  

• Conduct preliminary analysis using AASHTOWare Pavement ME Design 

Software to predict the long-term performance.  
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Chapter 2: Literature Review 

Aggregate gradation is a crucial characteristic that significantly impacts the performance 

of an asphalt mixture. As per Huber et al., the correlation with mixture performance was 

identified at the beginning of mix design approaches [2]. Nearly all critical characteristics 

of Hot Mix Asphalt (HMA), such as stiffness, stability, durability, permeability, 

workability, fatigue resistance, frictional resistance, and resistance to moisture damage, are 

influenced by gradation. In addition, the volumetric properties of the mixture, such as 

asphalt content, VMA, and VFA, are critical factors for durability and performance. 

However, VMA is deemed the most important parameter and is utilized in mix-design 

specifications to avoid using mixtures that may perform poorly. 

2.1 Analysis of Gradations 

The "0.45 power chart" is commonly used to assess aggregate gradations. This chart is 

utilized to estimate the available VMA of compacted mixtures. Moving away from the 

maximum density line can achieve greater VMA, but different methods exist for drawing 

maximum density lines [3]. The packing properties of coated aggregate particles in an 

asphalt mixture are linked to aggregate surface characteristics and gradation. Particle 

angularity and surface texture are among the surface characteristics of aggregate particles. 

When selecting aggregate for a project, surface characteristics may not be chosen to obtain 

VMA. However, VMA is obtained by default in a mixture. If additional VMA is required, 

modifications are typically made to the aggregate gradation.  

Over the past few years, a technique known as the Bailey method has emerged for selecting 

aggregate gradations for HMA mixture design to reduce the trials. The Bailey method was 
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originally developed by Illinois DOT. It has evolved into a systematic approach for 

aggregate blending, applicable to all dense-graded asphalt mixtures, irrespective of the 

maximum aggregate size in the mix [4],[5]. Two fundamental principles form the basis of 

the relationship between aggregate gradation and mixture volumetrics in the Bailey 

method: aggregate packing and categorizing aggregates into coarse and fine categories. 

In the Bailey method, the design input for aggregate interlock is selected, while gradation 

selection considers aggregates' packing characteristics. The method's parameters are 

directly linked to VMA, air voids, and compaction properties. To determine the packing 

and aggregate interlock provided by the combination of aggregates in mixtures of varying 

sizes, the distinction between "coarse" and "fine" aggregates is more precise. Specifically, 

"coarse" aggregates refer to large aggregate particles that create voids when placed in a 

unit volume, whereas "fine" aggregates are the ones that can fill the voids formed by the 

coarse aggregates in the mixture. 

The Bailey Method comprises two main steps: (1) comparing aggregates by volume and 

(2) analyzing the blended aggregate. First, aggregates are blended based on their volume. 

The combined blend is then divided into three distinct portions: coarse aggregate, the 

coarse portion of fine aggregate, and the fine portion of fine aggregate, and each portion is 

assessed separately.  

The design and analysis of an aggregate blend using the Bailey method of gradation 

selection are built on four parameters:  

• Chosen unit weight, which describes the interlock of the coarse aggregate.  

• CA Ratio: coarse aggregate ratio, which describes coarse aggregate gradation. 
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• FAc Ratio: fine aggregate coarse ratio, which describes gradation of the coarse 

portion of fine aggregate. 

• FAf Ratio: fine aggregate fine ratio, which describes the gradation of a fine portion 

of fine aggregate.  

Modifying these parameters can influence the air voids, VMA, constructability, and 

performance of the final asphalt mixture. Therefore, these alterations have equivalent 

impacts, whether implemented during design in the laboratory or during construction in the 

field. 

2.2 Effect of Aggregate Gradation 

The aggregate gradation in asphalt concrete mix is a crucial factor that significantly impacts 

the pavement’s resistance to rutting, moisture damage, low-temperature cracking, and 

fatigue. This is because the aggregate accounts for approximately 94% of the weight  of the 

AC mix. Several states recommend using a coarse-graded mix for high-traffic-volume 

pavements because they believe such mixes have a sturdier structure, resulting in better 

rutting performance [6],[7]. However, significant challenges have been associated with 

using coarse-graded mixes in many states [8]. For example, achieving the target density on 

the roadway has consistently proven to be a problem for coarse-graded mixes because they 

require a higher level of compaction energy. Moreover, the high number of passes needed 

to reach the desired density leads to excessive aggregate breakdown, resulting in a 

significant loss of pavement life. Therefore, many other states prefer fine-graded mixes 

because they are easier to construct, produce, and manage from a quality control 
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standpoint. Furthermore, several studies have shown that fine-graded mixes perform at 

least as well as coarse-graded mixes in rutting [8], [9]. 

Nukunya et al. pointed out that aggregate gradation is critical in rutting resistance since the 

aggregate structure is the main load-carrying component of the asphalt mixture. [10]. A 

study by Stakston et al. indicated that rutting resistance is “highly dependent on aggregate 

grading [11].” Therefore, even if an asphalt mixture is made with the best possible 

materials, it will likely fail without an appropriate gradation. Lv et al. evaluated the rutting 

resistance for 26 asphalt mixtures with different gradations using the HWTT test  [12]. One 

of their main findings was that a 4.75 mm passing ratio of approximately 41% is a critical 

limit. Above that, the asphalt mixture coarse aggregate skeleton will be damaged, and the 

mix rutting/moisture resistance will significantly weaken. 

Further, a study was conducted on Coarse, Fine, and Fine+ mixtures and their performance 

as an intersection mix. It is identified that the fine mix also performed well, like cracking 

and rutting with less the 4.8 mm. Further, using a P200 range of 3-8% is recommended 

without affecting the durability and reducing the VMA of the asphalt mixtures[13] . 
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2.3 Effect of Passing No.200 material  

The presence of excessive passing No.200 material in asphalt mixtures can have adverse 

effects on their performance. Including higher amounts of passing No.200 materials are 

known to increase mixture stiffness, extend asphalt binder, increase moisture 

susceptibility, affect mixture aging, and reduce workability and compaction characteristics. 

Moreover, more passing No.200 material can reduce VMA and asphalt film thickness [14]. 

However, in some instances, excessive passing of No.200 material has been observed to 

act as an extender and increase the binder volume in the mixture. But this effect is only 

noticeable if the passing No.200 material is smaller than the asphalt film thickness. 

Although the increase in binder volume can reduce the asphalt binder demand, it can also 

accelerate mixture oxidation, leading to a decline in mixture durability. Studies have 

indicated that excess passing No.200 material can significantly affect the mixture's fatigue 

life and thermal cracking temperature [15]. However, it has little or no impact on mixture 

rutting. The literature reviewed in this context suggests that the effects of passing No.200 

materials on mixture performance can vary. The influence of No.200 significantly affects 

the mixtures properties and performance testing such as HWTT, TSR, Ideal-CT, and Texas 

Overlay tastings [16].  

Numerous researchers worldwide have conducted comprehensive studies on passing 

No.200. Kandhal and Parker [17] and Kandhal [6] have summarized the impact of No.200 

on the performance of HMA mixtures. The role of fines in asphalt cement binders can vary 

depending on their particle size. They can serve as a filler or extender, but if too many fines 

are added to a hot mix asphalt (HMA) mixture, it can lead to issues like flushing and rutting. 
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Therefore, the amount of asphalt cement used may need to be decreased to prevent 

instability or bleeding in the pavement. Additionally, certain fines can significantly impact 

the behavior of the asphalt cement, causing it to act more rigidly than the original grade 

and affecting the fracture behavior and overall performance of the HMA pavement. 

Kandhal and Parker conducted dynamic shear rheometer (DSR) tests on filler-asphalt 

mortars in NCHRP Project 4-19 to examine the relationship between aggregate tests and 

the performance of asphalt concrete in pavements [17]. The study included fines from six 

mineral aggregates that passed a No. 200 sieve (P200 material). The P200 materials 

underwent characterization through Rigden voids, particle size analysis, methylene blue 

test, and a German filler test. HMA specimens containing various P200 materials were 

tested using the Superpave shear test device to assess rutting and fatigue cracking. Moisture 

susceptibility was evaluated using AASHTO T283. 

The study found that rutting was related to the D60 size (i.e., the particle size that 60% 

would be passing or smaller than) and methylene blue values. In contrast, stripping was 

related to the D10 size (i.e., the particle size that 10% would be passing or smaller than) 

and methylene blue values. However, no test was identified that could be used to evaluate 

fatigue cracking performance. 
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2.4 Effect of Dust Proportion 

The performance of AC mixtures can be affected by DP, which is determined by the 

effective binder and the amount of material that passes through the number 200 sieve. Any 

changes to these properties will impact the DP of the mixture. The asphalt mixtures may 

also be susceptible to rutting due to a lack of fines. To mitigate these issues, increasing the 

mixture of VMA and DP by increasing the effective binder and including more passing 

No.200 materials [18]. Increasing the amount of passing No.200 materials in the mixture 

can also help improve rutting performance by stiffening the mixture [14]. 
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Chapter 3: Design Approach and Test Methods 

3.1 Design Approach 

This research study was carried out to investigate the performance of fine-dense graded 

asphalt concrete for different gradations. Five gradations were developed in type 2 and type 

2C specification limits outlined in the 2014 Standard Specifications for Road and Bridges 

Construction[19]. Hveem mix design was conducted with 15% RAP, PG64-28NV asphalt 

binder, and 1.5% hydrated lime. Once the optimum binder content was obtained, the Super 

pave gyratory compactor was used to prepare the samples for performance testing. 

3.1.1 Accurate Aggregate Batching 

The process acknowledges that fine material that passes the #200 sieve tends to cling with 

coarser aggregate particles when dry-sieved into distinct-size fractions. Consequently, 

when the samples are batched from the dry sieved individual size fractions, they contain 

more fines than expected due to fines clinging to the coarser aggregate particles. Therefore, 

it is important to adjust aggregate batching to avoid more No.200 in the mixture. The 

process can be achieved through the below-mentioned flow chart in Figure 1. 

It makes sense to assume a cleaner gradation than the target because fines tend to adhere 

and make the gradation finer than assumed. However, while it is possible to assume a 

gradation equal to the target, it should be acknowledged that it will require more iterations 

to determine the correct batching blend. But this process can help to avoid excess P200 in 

the mixture, which helps produce a clean and durable mix. The following acceptable 

difference between values was strictly followed for the batching accuracy. 

- Less than or equal to 0.5% for the coarsest sieve 
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- Less than or equal to 0.1% for the No.200 sieve 

- Sieve sizes between the largest and smallest sizes, the differences should fall 

between 0.5 and 0.1% depending on sieve size. 

 

Figure 1. Accurate Aggregate Batching Flow Chart 
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3.1.2 Evaluation of the Bailey Method 

The method of assessing a combined blend varies based on the dominant fraction, as its 

behavior differs. In the Bailey method, the NMAS is defined differently than what is 

typically used, where NMAS equals the first sieve larger than the first sieve to retain more 

than 10% by weight.  The NMAS is considered at 15% instead of 10%, used after 2006 as 

it better represents estimating the VMA. The Primary Control Sieve (PCS) establishes the 

boundary between the coarse and fine fractions of the combined blend. Suppose the fine 

fraction dominates. In that case, a 6% increase in the PCS yields a 1% rise in VMA and air 

voids. On the other hand, if the coarse fraction is dominant, a 4% reduction in the PCS 

causes a 1% alteration in VMA and air voids [20]. 

The assessment of the CA ratio of the combined structures employs the concept of the "half 

sieve," which constitutes half of the initial PCS. Any particles held back on the half sieve 

are labeled as "plungers," Those that pass through the half sieve but get retained on the 

PCS are known as "inceptors." The inceptors are too big to fit into the empty spaces formed 

by the plungers, which results in their separation. The CA ratio is the proportion of the 

percentage of interceptors to the percentage of plungers. 

The "Secondary Control Sieve" (SCS), which is 0.22 times the new Primary Control Sieve 

(PCS), is used to assess the coarse portion of the fine aggregate present in the structure. 

The Fac Ratio, the ratio of the fine portion of the fine fraction to the total fine fraction, is 

crucial in regulating the mixture's VMA and air voids. It is the primary factor that governs 

these properties. 
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To assess the fine portion of the aggregate structure, the "Tertiary Control Sieve" (TCS), 

which is 0.22 times the new "Secondary Control Sieve" (SCS), is employed. The FAf Ratio, 

the ratio of the fine fraction's fine portion to the fine fraction's total fine part, is used for 

this purpose. As a result, the fine particles that pass through the TCS fill the voids created 

by the coarser particles present between the SCS and TCS.  

As a summary of the four principles and their effects on VMA in a Fine-graded mix, along 

with rules-of-thumb as to how it affects VMA. Decreasing the CA CUW increases the fine 

fraction volume, which removes coarse particles spread apart and filling voids and replaces 

them with fine particles with voids between them. Treating the fine fraction passing the 

Original PCS as the “primary blend” gives us new sieves for use in the equations of the 

three new ratios. These ratios still cause the VMA to change in the previously discussed 

direction. Because there is a smaller volume of “coarse” in the fine fraction as opposed to 

the material above the Original PCS, the new CA ratio is less sensitive, and the range is 

less dependent on the NMAS of the mix.  

The new FAc ratio is the most influential on VMA of the four principles for a Fine-graded 

mix. In addition to the OLD ratios (i.e., those on the entire combined blend), the OLD CA 

ratio still relates to the segregation susceptibility of the overall mix. Also, remember that 

VMA is affected by the characteristics of each aggregate, such as shape, texture, and 

strength, which are not directly accounted for in the combined blend evaluation ratios. The 

main point to depend on with these principles is the direction of change (i.e., increasing or 

decreasing VMA). 
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The respective equations to evaluate the ratios for a fine combined gradation are shown in 

Equations 1 to 4. Further, the ratio guidelines for the Bailey method evaluation for fine-

graded mixtures are mentioned in Table 1. It is not recommended to go below the lower 

limit, which may have the potential to produce a segregated mixture. On the other hand, 

exceeding the upper limit will create a mixture that is hard to compact [20]. The increase 

in CA ratios helps to increase the VMA, and the increase in FA ratios help to decrease the 

VMA. The evaluated Bailey ratios of all the graduations are mentioned in Table 2.  

 

 𝑂𝐿𝐷 𝐶𝐴 𝑅𝑎𝑡𝑖𝑜 =  
% 𝐻𝑎𝑙𝑓 𝑆𝑖𝑒𝑣𝑒 − % 𝑃𝐶𝑆

100% − % 𝐻𝑎𝑙𝑓 𝑆𝑖𝑒𝑣𝑒
 (1) 

 

 𝑁𝑒𝑤 𝐶𝐴 𝑅𝑎𝑡𝑖𝑜 =  
% 𝑁𝑒𝑤 𝐻𝑎𝑙𝑓 𝑆𝑖𝑒𝑣𝑒 − % 𝑁𝑒𝑤 𝑃𝐶𝑆

% 𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑃𝐶𝑆 − % 𝑁𝑒𝑤 𝐻𝑎𝑙𝑓 𝑆𝑖𝑒𝑣𝑒
 (2) 

 

 𝑁𝑒𝑤 𝐹𝐴𝑎 𝑅𝑎𝑡𝑖𝑜 =  
% 𝑁𝑒𝑤 𝑆𝐶𝑆

% 𝑁𝑒𝑤 𝑃𝐶𝑆
 (3) 

 

 𝑁𝑒𝑤 𝐹𝐴𝑓 𝑅𝑎𝑡𝑖𝑜 =  
% 𝑁𝑒𝑤 𝑇𝐶𝑆

% 𝑁𝑒𝑤 𝑆𝐶𝑆
 (4) 
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Table 1. Recommended Bailey Ratios for Fine-graded Mixtures 

NMAS 
37.5 mm 

(1- ½”) 

25 mm 

(1”) 

19 mm 

(3/4”) 

12.5 mm 

(1/2”) 

9.5 mm 

(3/8”) 

4.75 mm 

(#4) 

Old CA 

Ratio 
0.80–0.95 0.70-0.85 0.60-0.75 0.50-0.65 0.40-0.55 0.30-0.45 

New CA 

Ratio 
0.6-1.0 

New Fac 

Ratio 
0.35-0.50 

New Faf 

Ratio 
0.35-0.50 

For these mixes, only the New CA 

and New Fac Ratios can be 

determined 

 

Table 2. Evaluated Bailey Factors 

Bailey 

Ratios 

Gradation-

01 

Gradation-

02 

Gradation-

03 

Gradation-

04 

Gradation-

05 

OLD CA 0.57 0.80 0.73 0.69 0.71 

CA 0.69 0.70 0.84 0.83 0.73 

Fac 0.43 0.40 0.47 0.49 0.52 

Faf  Not Applicable  0.50 0.55 0.59 
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3.1.3 Mix Design 

The Hveem mix design was carried out with different binder content to obtain the optimum 

binder content at 4% air voids. The compaction was achieved using the California 

Kneading compactor by preparing a 4-inch (100 mm) sample, as shown in Figure 2, 

according to the test method Nev. T303D “Method of the test for Stabilimeter value of 

Bituminous paving Mixtures”[21]. The samples were compacted to a height of 2.5 ± 0.1 

inches (63 ± 3 mm) by applying 25 tamps of 250 psi followed by 150 tamping blows of 

500 psi. 

 

Figure 2: Hveem Kneading Compactor 

After the compaction, the mold with the compacted mixtures was placed in the 140°C 

(60°C) oven for 1.5 hours before applying a 12,566 lbf (1000 psi) leveling of load at a rate 

of 0.25 in. (6.4 mm) per minute. The double plunger method used the leveling load, in 

which a free-fitting plunger was placed below the sample and on top. The height of the 

specimen was measured right after the leveling load to the nearest 0.01 in, and the specimen 

was returned to the 140°C (60°C) oven to retain the temperature for testing. 
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3.1.4 Hydrated Lime 

Hydrated lime is generally used for NDOT mixtures[19]. Each sample was marinated with 

1.5% of hydrated lime by dry weight of aggregate. The aggregate sample was mixed with 

water for 2 minutes before adding hydrated lime. Then, mixing was continued for an 

additional 3 minutes with lime. The lime-treated samples were kept in a sealed plastic 

container for 48 hours, as shown in Figure 3. After marination, the samples were dried at 

230°F and mixed with the asphalt binder using standard procedures for HMA mixing. 

 

Figure 3. Marinated Sample with Lime and Water 
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3.2 Performance Testing  

3.2.1 Stabilometer Number 

Ensuring the stability of a hot-mix asphalt mixture is crucial to prevent premature pavement 

failure. As such, verifying and checking this property against requirements is mandatory. 

To achieve this, the Hveem stabilometer measures the resistance to deformation of a 

compacted hot-mix asphalt sample. This measurement provides a key performance 

prediction for the Hveem mix design method, which NDOT (T303D) mandates [21]. In 

addition, the stabilometer assesses the lateral pressure developed from applying a vertical 

load. 

The samples were compacted at a temperature of 230°F (110°C) and leveled at 140°F 

(60°C) before being placed in an oven at the same temperature for conditioning. Once 

conditioned, the samples were removed from the mold using a plunger and placed in a 

calibrated stabilometer for 1.5 hours. An increasing load was applied to each sample at  a 

rate of 0.05 in/min (1.27 mm/min), and the lateral pressure was measured by the 

stabilometer at specific applied vertical loads ranging from 500 lbf (2.22 kN) to 6000 lbf 

(26.69 kN). Once the load reached 6000 lbf (26.69 kN), it was immediately reduced to 

1000 lbf (4.45 kN), and the corresponding displacement, noted as D, was calculated by 

counting the number of revolutions required to increase the stabilometer lateral pressure 

from 5 psi to 100 psi at a rate of two hand revolutions per second. Figure 4 illustrates the 

stabilometer. 
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Figure 4. Stabilometer 

The stability value (S) was calculated using Equation 5, and a minimum Hveem stability 

of 37 was required according to NDOT 2014 silver book. The stability at the optimal binder 

content met the required criterion for both mixtures, indicating a stable and durable 

behavior under expected traffic. Based on the height, the stabilometer value was adjusted 

and corrected using a correction curve in Table 3. This correction curve represented the 

overall height values. Using Figure 5, the corrected stabilometer value was then 

determined. 
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𝑆 =

22.2

[
𝑃ℎ .𝐷

𝑃𝑣 − 𝑃ℎ
] + 0.222

 
(5) 

Where  

S : Stabilometer value 

Pv: vertical pressure, typically 400 psi (2800 kPa) corresponding to a 5000 lbf (22.24 kN) 

total load applied on a 4.0 in. (100 mm) diameter Hveem sample.  

Ph: horizontal pressure corresponding to Pv in psi (kPa)  

D: displacement of the specimen  

Table 3. Hveem Stability Correction Curve 

Overall Specimen Height Correction Curve 

2.80 to 3.00 in. (71 to 76 mm) A 

2.60 to 2.79 in. (66 to 70 mm) B 

2.40 to 2.49 in. (61 to 65 mm) C 

2.20 to 2.39 in. (56 to 60 mm) D 

2.00 to 2.19 in. (51 to 55 mm) E 
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Figure 5. Hveem Stability Correction Curves 

3.2.2 TSR 

The mixtures' ability to resist moisture was also assessed by measuring their indirect tensile 

strength (ITS) before and after exposure to moisture, as well as their indirect tensile 

strength ratio (TSR), following the guidelines outlined in AASHTO T283, with an air void 

of 7 ± 0.5% [22]. This process determines the impact of water infiltration through 

saturation, and the effects were determined through accelerated water conditioning via F-

T cycling of the compacted asphalt mixture samples. To prepare the samples for TSR 

testing, the following procedure was followed: 

• Using the Superpave Gyratory Compactor (SGC), compact the cylindrical specimens 

with a diameter of 150 mm to a height of 95 mm. 

Stabilometer Value before Height Correction 
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• Measure the ITS for the unconditioned subset at a temperature of 77°F (25°C). To 

acclimate the unconditioned subsets to the required temperature, wrap the samples in 

leak-proof plastic bags and submerge them in a water bath set to the required 

temperature. Keep the samples in the water bath for 2 ± 0.5 hours. 

• Apply 75 ± 5% vacuum saturation to the three samples in the moisture-conditioned 

subsets. 

• Subject the saturated samples to the F-T cycle involves freezing at a temperature of 0°F 

(-18°C) for a minimum of 16 hours, thawing in a water bath at 140°F (60°C) for 24 ± 

1 hours, and ending with a 2 ± 0.5-hour soak in a water bath at 77°F (25°C). 

3.2.3 Hamburg Wheel Track Test (HWTT) 

The HWTT was developed to assess the potential for rutting and stripping in AC mixtures 

[23], [24]. In this test, AC samples are submerged underwater, and a loaded steel wheel is 

rolled over the samples repeatedly until failure occurs, defined as exceeding a given rut 

depth. The failure criteria vary from state to state and depend on climate and asphalt binder 

grade [25]. The HWTT test has a coefficient of variation ranging from 10-30%, and its 

results are influenced by factors such as binder grade, binder content, RAP and RAS 

percentage, and aggregate structure. Research has shown that anti-stripping agents can 

enhance durability and stability when an AC mixture is susceptible to rutting and stripping 

[26]. The addition of anti-stripping agents, such as lime, has been proven to decrease rut 

depth and reduce the occurrence of stripping in the mixture. 

To assess the impact of rutting and moisture damage, a steel wheel is rolled over the surface 

of compacted samples submerged in water under a load of 158 ± 5 lb (705 ± 22 N), as 
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depicted in Figure 6. The HWTT test can be conducted over 25–75°C, and the steel wheel's 

loading frequency varies between 36 and 70 times per minute. However, the test is typically 

carried out in a water bath at a temperature of 50°C, with the steel wheel being loaded at a 

frequency of 52 times per minute. 

 

Figure 6. Hamburg Wheel Track Test Machine 

The results of the HWTT generally include the maximum impression, creep slope (CS), 

stripping slope (SS), and stripping inflection point (SIP). The performance of tested asphalt 

mixtures regarding rutting and moisture susceptibility using HWTT is typically illustrated 

using a deformation evolution curve divided into three stages, as shown in Figure 7. The 

primary or post-compaction stage is usually within the first 1,000 wheel- passes, followed 

by the secondary stage, which describes the creeping region. The creep stage characterizes 

the accumulation of rutting due to viscoelastic flow without moisture damage and is 

quantified by the parameter creep slope (CS) [27],[28]. The number of wheel passes 
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corresponds to the intersection of the creep slope, and the stripping slope is the stripping 

inflection point. A low value of the stripping slope suggests severe damage to the asphalt 

mix [28]. The last stage of the Hamburg Wheel-Tracking Test is the tertiary or stripping 

stage, which is associated with moisture susceptibility. This stage is characterized by the 

accumulation of permanent deformation caused by the effect of moisture. Stripping occurs 

in asphalt mixtures when adhesion is lost between the binder and aggregate surface due to 

moisture [28],[29]. The resistance of the asphalt mixture to rutting is related to its final rut 

depth [30]. 

 

Figure 7.HWTT Deformation Output Curve 
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3.2.4 Indirect Tensile Cracking Test (Ideal-CT) 

The IDEAL-CT test aims to assess the resistance of asphalt mixtures to cracking at 

intermediate temperatures, typically ranging from 41 to 95°F (5 to 35°C). The test 

generates a cracking tolerance value (CT-Index) that indicates the mixture's performance 

regarding cracking resistance. A higher CT-Index value indicates better-cracking 

resistance, meaning less cracking is expected in the field. 

Traditionally, the IDEAL-CT test is performed using cylindrically compacted samples at a 

height of 2.4 inches (62 mm) at 25°C. The ASTM D8225 "Standard Test Method for 

Determination of Cracking Tolerance Index of Asphalt Mixtures Using the Indirect Tensile 

Cracking Test at Intermediate Temperature" [31] was utilized to determine the parameters 

required to calculate the CT-Index value by applying monotonic load at a constant 

displacement rate (50 mm/min) to a cylindrical specimen. Figure 8 illustrates the testing 

setup of the CT index test. 

 

Figure 8. Ideal-CT Testing Setup 
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The test involves determining the area under the load-displacement curve, known as the 

work of failure (Wf). The failure energy (Gf) is then calculated by dividing the work of 

failure by the specimen's cross-sectional area. Finally, the CT-Index is computed using 

Equation 6, and Figure 9 provides a graphical representation of the calculation process. 

 𝐶𝑇𝑖𝑛𝑑𝑒𝑥 =  
𝑡

62
 𝑥 

𝑙75

𝐷
 𝑥 

𝐺𝑓

|𝑚75|
 𝑥 106 (6) 

Where: 

Gf: failure energy (joules/m2) 

|m75|: the absolute value of the post-peak slope m75 (N/m) 

l75: displacement at 75% of the peak load after the peak (mm) 

D: specimen diameter (mm) 

t: specimen thickness (mm) 

 

Figure 9. Ideal-CT Load vs. Displacement Data [31] 
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According to the current ASTM Standard, the within-laboratory standard deviation is 

reported to be 13.5 [31]. However, studies have been conducted to evaluate the variability 

of the test. West et al. [25] and Hierholzer [16] determined a coefficient of variation ranging 

from 10-25% and 10.8-20%, respectively. 

3.2.5 Dynamic Modulus 

The overall stiffness of an asphalt mixture under specific test conditions, known as 

dynamic modulus (E*), is calculated by dividing the peak stress by the peak strain. A test 

using the AMPT-PRO and following AASHTO T 378 [32] was used to determine the E* 

value. This test exposed a specimen to controlled sinusoidal (haversine) compressive stress 

at various frequencies and three different temperatures. The test was conducted at 

frequencies of 10, 1, and 0.1 Hz (with 0.01 Hz added only for the highest temperature) and 

at temperatures of 39, 68, and 122°F (4, 20, and 50°C). Compute the dynamic modulus and 

phase angle by measuring applied stresses and resulting axial strains over time. The phase 

angle (φ), which represents the delay between peaks of stress and strain (as shown in Figure 

10, is also determined. 

 

Figure 10. Haversine Loading for the Dynamic Modulus Testing 
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In accordance with AASHTO R 30 [33], the asphalt mixtures underwent evaluation under 

short-term aging conditions. To perform the E* test, a specimen of 100 mm in diameter 

and 150 mm in height was obtained by coring from the center of a 150 mm diameter by 

180 mm height SGC sample, following AASHTO R 83 [34]. The compaction of all test 

specimens was maintained at 7.0±0.5% air voids. AASHTO R 84 [35] outlines acceptance 

criteria for DM test outcomes and presents them in Table 4.  

Table 4: Acceptance Criteria for E* Test Results 

Data Quality Statistic  Limit  

Load Standard Error  10%  

Deformation Standard Error  10%  

Deformation Uniformity  30%  

Phase Uniformity  3 degrees  

 

 

Figure 11. Dynamic Modulus Test Setup for HMA 
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Any specimen that fails to meet these criteria must be disregarded and cannot be considered 

for analysis. Figure 11 illustrates a standard setup for conducting a dynamic modulus test. 

A master curve can be created by shifting dynamic modulus values, measured at different 

temperatures and frequencies of loading, to a reference temperature. This technique, known 

as time-temperature superposition, involves using a sigmoidal fitting model to adjust the 

relative E* values from different temperatures to the corresponding frequencies. The 

sigmoidal model aligns the various curves, combining them into a single master curve [35]. 

Equation 6 and Equation 7, which provide the fitting and shifting equations, respectively, 

are derived from AASHTO R 84 [35]. 

 log |𝐸 ∗ | =  +
𝑀𝑎𝑥 − 

1 + 𝑒+ 𝑙𝑜𝑔 𝑓𝑟
 (6) 

 

 log[a(T)] =
∆𝐸𝑎

19.14714
 (

1

𝑇
−

1

𝑇𝑟

) (7) 

The reduced frequency, denoted by 𝑓𝑟, and the fit coefficients 𝛽, 𝛿, and 𝛾 are utilized to 

characterize the shape of the dynamic modulus master curve. These coefficients are defined 

in the fitting equations provided by AASHTO R 84 [35]. 
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3.2.6 Texas-Overlay 

The OT test is a method developed to assess the resistance of asphalt mixtures to reflective 

cracking. It is a preferred method because it enables the evaluation and characterization of 

crack initiation and propagation for different types of asphalt mixtures [36]. Crack 

initiation is determined during the first cycle of the OT test, which occurs when the peak 

load of the first cycle is reached before the specimen reaches maximum displacement [37], 

indicating that the crack has started at the bottom of the sample. Crack propagation occurs 

after the first cycle and continues until the specimen fails. During the crack propagation 

phase, the maximum load is experienced at the maximum displacement, and the load 

decreases with each consecutive displacement-controlled cycle until the cycle at which the 

load has reduced by 93 percent of the initial cycle, which indicates testing failure [38]. 

The overlay test sample is created by trimming a 150 mm long, 76 mm wide, and 38 mm 

thick portion from a typical gyratory compacted sample, which has a height of 115 mm 

and a diameter of 150 mm. After trimming, the gyratory samples were compacted 

following the Tex-248-F Overlay Test standard to achieve a target density of 93% [38]. 

Trimmed specimen dimensions are shown in Figure 12. 

 

Figure 12. Test Specimen Dimensions 
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The OT specimen dimensions were designed to be thin enough to accommodate thin 

overlays and long enough to eliminate edge effects in the middle of the specimen [36]. Like 

the Ideal-CT test, the reflective cracking model approach used for the OT test is based on 

fracture mechanics, and testing is conducted at 25°C. After the prepared sample is fixed to 

the testing equipment, a cyclic triangular load with a maximum displacement of 0.06 cm 

is applied to the testing specimen. One complete testing cycle takes 10 seconds. Figure 13 

shows the overlay testing specimen at the AMPT.  

 

Figure 13. OL Test Setup for HMA 

Critical fracture energy is calculated using Equation 8, which considers the fracture area, 

specimen width, and height. The CPR is calculated using the crack resistance index and 

the number of cycles until failure, as illustrated in Equation 9 [38]. 
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 𝐺𝑐 =
𝑊𝑐

𝑏 ∗ ℎ
 (8) 

𝐺𝑐 = Critical Fracture Energy (kN-mm2) 

𝑊𝑐 = Fracture Area (kN-mm) 

𝑏 = Specimen Width (mm) 

ℎ = Specimen Height (mm) 

 

 𝑁𝐶𝑃𝑅 = 𝑁(0.0075∗𝛽−1) (9) 

CPR = Crack Progression Rate 

𝛽 = Crack Resistance Index 

N = Number of Cycles to Failure 

3.2.7 Beam Fatigue Test 

The ability of HMA pavements to withstand repeated tensile flexural strain caused by 

traffic loads without cracking is known as fatigue resistance. With repeated traffic loading, 

the HMA layer experiences compression strain at the top and tensile strain at  the bottom, 

which reduces the pavement's endurance capacity in the long run and eventually leads to 

fatigue cracking. In the laboratory, the specimen is considered to have failed when it 

exhibits a 95% reduction relative to its initial stiffness at a particular load cycle. To estimate 

the fatigue life of the HMA mixture, the flexural beam fatigue test was conducted by 

AASHTO T 321 [39]. The fatigue relationship with the regression coefficients is shown in 

Equation 10. The test procedure is briefly explained as follows: 

- The beam specimens of size 3”x 3”x16” were prepared by compacting a hot asphalt 

mixture approximately at 8% air void (the compaction efforts for this air void are 

determined by the hit and trial method).  
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-  Specimens were shaped to 2.5”x 2”x15” by using an asphalt cutting saw.  

-  All the samples were prepared within the air void of 7 ± 1%.  

-  After completely drying the samples, a nut on one side of the beam was glued  

such that it was at the center of the line of the neutral axis.  

- The specimen was conditioned at 72
o

F for at least 2 hours before running a test.  

-  The constant strain method was adopted when applying the repeated haversine  

load at the frequency of 10 Hz.  

-  The tests were performed at four different strain levels such that all the specimens 

completed the 10,000 cycles before their stiffness decreased to 50 percent of the initial 

stiffness.  

-  Number of cycles (Nf), where the stiffness is reduced to 50 percent, were recorded at 

each strain level (εt).  

-  The results were plotted in log scale: Strain (Єt) Vs. Number of cycles (Nf). 

 𝑁𝑓 = 𝑘1 (
1

∈𝑡

)
𝑘2

 (10) 

Where, 

Nf = Fatigue life (number of load repetitions to fatigue damage) 

∈𝑡 = Applied tensile strain. 

k1 , k2 = Experimentally determined coefficients. 
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Chapter 4: Laboratory Test Results and Analysis 

4.1 Materials 

Samples were obtained from six distinct stockpiles in Northern NV, and subjected to 

gradation analysis, following the standards AASHTO T 11 and T 27 [40], [41]. 

Additionally, each aggregate stockpile's specific gravities and absorption measurements 

were determined by adhering to AASHTO T 84 or AASHTO T 85 protocols [42], [43]. 

The RAP materials were acquired from the same source as the original aggregates. The 

asphalt binder was extracted and quantified as per the guidelines of AASHTO T 164 [44]. 

The gradation and specific gravity values of the individual stockpiles are presented in Table 

5.  

Table 5. Stockpile Gradations 

Sieve size 
% Passing 

1" 3/4" 1/2" 3/8" 
Crusher 

fine 

Washed 

sand 
RAP 

US SI (mm) 

1" 25 100 100.0 100.0 100.0 100.0 100.0 100.0 

3/4" 19 53.8 100.0 100.0 100.0 100.0 100.0 100.0 

1/2" 12.5 1.2 34.4 100.0 100.0 100.0 100.0 100.0 

3/8" 9.5 0.9 2.7 54.4 100.0 100.0 100.0 96.2 

#4 4.75 0.9 0.5 0.4 18.5 100.0 100.0 72.6 

#8 2.36 0.8 0.4 0.2 0.4 69.9 84.9 53.0 

#10 2 0.8 0.4 0.2 0.4 62.6 77.3 49.5 

#16 1.18 0.7 0.4 0.2 0.4 45.6 57.2 39.8 

#30 0.6 0.7 0.4 0.2 0.4 31.2 36.6 29.9 

#40 0.425 0.6 0.4 0.2 0.4 26.9 27.6 25.7 

#50 0.3 0.6 0.3 0.2 0.4 23.2 18.0 21.9 

#100 0.15 0.5 0.3 0.2 0.3 18.5 5.5 15.8 

#200 0.075 0.4 0.3 0.2 0.3 14.9 2.2 11.5 

Bulk Specific 
Gravity 

2.584 2.649 2.643 2.632 2.567 2.593 2.629 
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A styrene-butadiene-styrene (SBS) polymer-modified binder known as PG64-28NV is 

utilized in northern Nevada. Moreover, all asphalt mixture designs incorporate hydrated 

lime to mitigate damage caused by moisture and stripping. 

4.2 Aggregate Gradation 

Table 6 summarizes the NDOT Type 2 and Type 2C gradation specifications currently 

followed in asphalt mix designs. 

Table 6. Aggregate Gradation Specifications 

Sieve Size 
Type 2 Type 2C 

Lower Upper Lower Upper 

1" 100 100 100 100 

3/4" 90 100 88 95 

1/2"   70 85 

3/8" 63 85 60 78 

#4 45 63 43 60 

#10 30 44 30 44 

#40 12 22 12 22 

#200 3 8 3 8 

 

To comply with the NDOT Type 2 and Type 2C requirements, the blend gradation was 

adjusted overall by modifying the stockpile percentages based on control point restrictions 

on several sieves. The adjusted stockpile percentages to develop the blend within the 

specification limits are given in Table 7.  As a result, five fine mix gradations were 

developed in the Type 2 and Type 2C requirements range, as shown in Figure 14.   
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Figure 14. Gradation Plot 

Table 7. Stockpile Blend Percentages 

Stockpiles 

 

Mix ID 

1" 3/4" 1/2" 3/8" 
Crusher 

fine 

Washed 

sand 
Lime RAP 

 

Gradation -01 0.0 17.0 13.0 14.0 17.5 22.0 1.5 15.0  

Gradation -02 0.0 10.5 11.0 16.0 17.0 29.0 1.5 15.0  

Gradation -03 13.0 10.5 10.0 14.0 17.0 19.0 1.5 15.0  

Gradation -04 13.0 7.0 10.0 10.0 29.5 14.0 1.5 15.0  

Gradation -05 13.0 10.0 10.0 13.0 30.0 7.5 1.5 15.0  

 

Table 8 shows the respective gradations and meeting the NDOT Type 2 and Type 2C limits. 

All the gradations within the specification of Type 2. But Gradations 03 to 05 are only 

within Type 2C specifications. 
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Table 8. Mix Fitting with NDOT Criteria 

Mix ID Type 2 Type 2C 

Gradation-01 ⩗ x 

Gradation-02 ⩗ x 

Gradation-03 ⩗ ⩗ 

Gradation-04 ⩗ ⩗ 

Gradation-05 ⩗ ⩗ 

 

4.3 Volumetric Properties 

Hveem mix design is carried out as stated in the previous chapter, and the specimens were 

tested to calculary the bulk specific gravity (Gmb) after performing the stability number 

testing. The Optimum Bitumen Content (OBC) was chosen to be at 4% air voids (AV). 

The corresponding volumetric properties, such as OBC, VMA, VFA, DP, and Pbe, were 

determined as provided in Table 9 and Figures 15 to 19.  

Table 9. Volumetric Properties Summary 

Mix ID 
OBC 

(%) 

VMA 

(%) 

VFA 

(%) 

Pbe 

(%) 

DP 
P200 

(%) 
With 

Lime 

W/O 

Lime 

Gradation -01 5.0 13.5 72.0 4.2 1.50 1.20 6.2 

Gradation -02 5.5 14.4 72.0 4.5 1.40 1.12 6.3 

Gradation -03 4.8 13.4 72.0 4.2 1.46 1.18 6.1 

Gradation -04 5.9 15.2 73.0 4.9 1.58 1.35 7.9 

Gradation -05 5.5 14.3 73.0 4.6 1.72 1.46 7.8 

 

All the gradations were developed to meet the NDOT specifications with a higher DP than 

1.2, which is not allowed by the AASHTO standard. But graduation 01 to 03 is designed 

to meet the 1.2 without considering the lime. Further, gradations 04 and 05 were developed 
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with higher P200 and DP to evaluate the mixture performance. All the gradations have an 

NMAS of ¾ in., other than gradation -02 with an NMAS of ½ in. 

  

  

  

Figure 15. Gradation-01 Asphalt Mixture Volumetric Properties 
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Figure 16. Gradation-02 Asphalt Mixture Volumetric Properties 
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Figure 17. Gradation-03 Asphalt Mixture Volumetric Properties 
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Figure 18. Gradation-04 Asphalt Mixture Volumetric Properties 
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Figure 19. Gradation-05 Asphalt Mixture Properties 
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4.4 Performance Tests 

4.4.1 Stabilometer Number 

The device measures the resistance of a compacted cylindrical specimen of asphalt to 

deformation under repeated loading. The Hveem Stabilometer value indication is a 

numerical value that represents the stability of the asphalt mixture being tested. This value 

is determined by the number of blows required to reach a certain level of deformation in 

the specimen, as measured by a dial gauge. 

The higher the Hveem Stabilometer value indication, the more stable the asphalt mixture 

is. Nevada DOT has a minimum stability number requirement for Type 2 and Type 2C of 

35 and 37, respectively [19]. The stability numbers of asphalt mixture gradations developed 

are shown in Figures 20 to 24.  All the gradations satisfied the minimum requirements, and 

the values are above 39. 

 

Figure 20. Gradation-01 Stability Number plot 
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Figure 21. Gradation-02 Stability Number plot 

 

Figure 22. Gradation-03 Stability Number plot 

 

Figure 23. Gradation-04 Stability Number plot 
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Figure 24. Gradation-05 Stability Number plot 

4.4.2 TSR Test 

RTC Orange Book has set a minimum of 70% for TSR and a minimum dry strength of 65 

psi [19]. The tests' findings reveal that all the asphalt mixtures assessed have a TSR greater 

than 70%, as illustrated in Figure 25.  Further, all the asphalt mixtures met the RTC Orange 

Book requirement of 65 psi for dry tensile strength, as shown in Figure 26. The error bars 

in the figure illustrate the 95% confidence interval (CI).  

 

Figure 25. TSR Results 
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According to Figure 26, Gradation-02 displayed the most significant dry and wet tensile 

strengths, while Figure 25 demonstrated that Gradation-04 had the highest TSR. Further, 

it is observed that, even though Gradation 02 and 03 have close wet tensile strength, the 

TSR is significantly reduced due to the higher dry tensile strength of Gradation-02. 

Typically, aggregates in Nevada possess high water absorption, which increases the risk of 

moisture damage. Nevertheless, implementing a controlled marination process with 

hydrated lime for 48 hours is a practical approach that enhanced the resistance of the 

asphalt mixtures to stripping and was further validated with the above results. 

 

Figure 26. Dry and Wet Tensile Strength 
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4.4.3 Hamburg Wheel Track Test (HWTT) 

Even though AASHTO T 342 suggests testing with the water at 50°C, the testing was 

conducted for four samples submerged in water at 52°C to evaluate the performance for a 

higher temperature. Figure 27 depicts the test results regarding rutting depth versus the 

number of wheel passes. The criteria set for the test were a threshold of 12.5 mm for rutting 

depth and 20,000 cycles until failure. 

 

Figure 27. HWTT Results at 52°C 

Figure 28 illustrates the rut depth at 20,000-wheel passes of the evaluated asphalt mixtures 

and the respective effective binder content. Gradations 01 to 03 showed a rut depth of less 

than 3.5 mm, and a stripping inflection point was not observed. On the other hand, 

gradation 04 mixture with the highest Pbe exhibited the highest rut depth of 8 mm. Further, 

stripping inflection points are observed on Gradation 04 and 05 as 9,000 and 15,000, 

respectively. 
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Figure 28. Rut Depth with Effective Binder Content 

4.4.4 Indirect Tensile Cracking Test (Ideal-CT) 

The CT (Cracking Test) index of an asphalt mixture measures its resistance to cracking. 

The CT index can be increased by incorporating materials that improve the mixture's 

stiffness, strength, and durability. At the OBC, three sets of replicate specimens were 

prepared for each asphalt mixture and subsequently tested at a temperature of 25°C. All 

the loose asphalt mixtures were conditioned for 2 hours before compaction. Figure 29 

shows the CT index value for each gradation mixture with 95% confidence interval bars. 

Gradation-05 illustrates a higher CT index than the other gradation mixtures because the 

higher asphalt content can increase the stiffness and strength of the mixture, making it more 

resistant to cracking. It is observed that all asphalt mixtures exhibited a CT index exceeding 

90, indicating excellent resistance to cracking [45].  
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Figure 29. CT-index Results 

As expected, an increase in binder content increased the CT index. However, the 

Gradation-03 mixture absorbed less binder and performed well at a lower optimal binder 

content, making it a more economical option considering binder content.  

Figures 30 to 36 illustrate the relationship between the parameters obtained from Ideal-CT 

test results. The ratio between I75/m75 shows an increasing trend with greater R2 with CT 

index, where the I75/m75 ratio can be calculated by dividing the displacement at 75% of 

the peak load by post-peak slope. Gradations 01 and 02 have lower I75/m75 ratios; 

gradation 04 indicates a higher ratio with a higher CT index.  CT index increases with 

I75/m75 ratio, indicating that the mix is moving toward to greater cracking resistance. On 

the other hand, 75% of the peak load (P75) decreases with I75/m75 ratio. According to the 

trend, the CT index is reducing with the increasing P75.  

Gradation 04 shows a higher CT index value with a lower m75, and Gradations 01 and 02 

illustrate a lower CT index with a higher m75. Therefore, Asphalt mixtures indicate higher 
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cracking resistance with increased post-peak slope (m75). CT index increase with the 

volumetric properties such as Pbe , P200. Therefore, increasing Pbe helps to improve the 

cracking resistance of the asphalt mixtures. 

 

Figure 30. CT Index vs I75/m75 Ratio Plot 

 

Figure 31. CT Index vs m75 Plot 



51 
 

 

Figure 32. CT Index vs I75 Plot 

 

Figure 33. CT Index vs Peak Load Plot 

 

Figure 34. CT Index vs Pbe Plot 
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Figure 35. CT Index vs P200 Plot 

 

Figure 36. P75 vs I75/m75 Ratio Plot 

 

 

 

 



53 
 

4.4.5 Dynamic Modulus 

The E* characteristic indicates the overall excellence of the hot-mix asphalt (HMA) 

mixture. The value of the E* property is influenced by various features of the HMA mix, 

such as the properties of the aggregates, gradations, binder grade, volumetrics, and age. 

Furthermore, the E* value is also affected by temperature and the loading rate (i.e., 

frequency). A 20°C is usually chosen to represent a moderate effective temperature for 

Nevada. A frequency of 10 Hz is chosen to reflect standard highway loading corresponding 

to the 0.1-second pulse duration produced during testing with the AMPT machine. 

AASHTO T 378 [32] was followed to evaluate the E* property of the three asphalt 

mixtures. Figure 37 illustrates the dynamic modulus master curve, established for a specific 

reference temperature of 20°C following AASHTO R 84 [42]. The curve was generated 

through a sigmoidal function. The fitting parameters were obtained through optimization 

techniques, which involved minimizing the sum of squared errors between the logarithm 

of predicted and measured E* values. The dynamic modulus master curve can be adjusted 

using time-temperature shifting factors to reflect the AC stiffness at any temperature.  
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Figure 37. Dynamic Modulus Master Curve 

The dynamic modulus properties of all the analyzed mixture gradations were 

predominantly similar, which suggests excellent stability when subjected to traffic loading. 

As per Hajj et al. [46], an E* value of over 300 ksi at 20°C and 10 Hz indicates excellent 

stability. Conversely, an E* value above 1,500 ksi at 20°C and 10 Hz implies that the HMA 

is prone to cracking. At 20°C and 10 Hz, Figure 38 illustrates that all asphalt mixtures 

demonstrated an E* value ranging between 300 and 1,500 ksi. 
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Figure 38. Dynamic Modulus Results at 20°C and 10Hz 

4.4.6 Texas-Overlay 

Based on the current TxOT failure criterion, asphalt mixtures that last over 1000 load 

cycles to failure, defined as a load reduction of 93% in the initial load, are judged more 

than enough to predict acceptable resistance to cracking [38]. The mixture that reaches 

over 750 load cycles to failure can be treated as an anti-cracking layer [37].  

The cycles to failure with a peak load for all gradation mixtures are shown in Figure 39. 

All the mixtures illustrated a higher number of cycles indicating higher resistance to 

cracking; other than gradation-03, mixtures showed a lower number of failure cycles than 

other gradations. Further, Gradation 04 and 05 mixtures did not fail even if they reached 

the maximum number of cycles of 5000 limit. 
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Figure 39. Cycles to Failure and Peak Load 

Figure 40 shows the critical fracture energy and the variation of crack propagation rate of 

all gradation mixtures. Gradation-03 indicated a higher crack propagation rate than other 

mixtures, which may be due to a lower binder content of 4.8%. 

 

Figure 40. Critical Fracture Energy and Crack Propagation Rate 
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4.4.7 Beam Fatigue Test 

According to the previously discussed performance testing, Gradations 01 and 05 were 

selected for the beam fatigue testing due to time constraints. Each gradation mixture was 

tested at 70
o
F at multiple strain levels such as 800, 1000, 1250, 1500, and 1800 microns. 

A regression function was used to assess the number of cycles to failure based on the 

applied strain, and Figure 41 displays the fatigue behavior of the assessed gradations at 

70
o
F. According to the failure cycles, the Gradation 05 mixtures exhibit better fatigue 

performance than the Gradation 01 mixtures. Nonetheless, a pavement mechanistic 

analysis is required to forecast the fatigue resistance of these mixtures in the field. The 

experimentally determined laboratory coefficients for both gradation mixtures are shown 

in Table 10. 

 
Figure 41. Comparison of Fatigue Relationship between Asphalt Mixtures 
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Table 10. Flexural Beam Fatigue Coefficients 

Coefficients Gradation-01 Gradation -05 

K1 2.795E-13 4.337E-12 

K2 6.111 5.797 

 

4.4.8 Performance Space Diagram 

The performance space diagram can comprehensively evaluate the mechanical properties 

of asphalt mixtures regarding cracking, rutting, and moisture susceptibility. For the 

performance space diagram, rut depth, TSR, CT index, and the number of failure cycles 

for OL are assigned as 12.5mm, 70,90, and 750, respectively, for minimum requirements.  

Even though no fixed minimum requirement for the CT index is available for Nevada and 

other states, 90 is considered for the performance space diagram plots as the project is 

mostly concerned with the durability of the pavement.   

As shown in Figures 42 to 46, all the performance parameter values are plotted against 

each other. The shaded quadrant of the regions is preferred and indicates the well-

performing behavior of the mixture according to both parameters. Therefore, it is preferred 

to have a mixture fall into that quadrant. Gradations 04 and 05 are satisfied all the 

performance minimum requirements. On the other hand, Gradation 01 and 02 satisfied all 

properties other than the CT index as it is set to a minimum value of 90. Gradation 03 

barely passed the minimum requirement due to lower binder content than the other 

mixtures. 
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Figure 42. TSR vs Rut Depth Performance Diagram 

 
Figure 43. Rut Depth vs CT Index Performance Diagram 
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Figure 44. TSR vs CT Index Performance Diagram 

 

Figure 45. OL Failure Cycles vs CT Index Performance Diagram 
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Figure 46. OL Failure Cycles vs Rut Depth Performance Diagram 

The behavior of asphalt mixtures during the crack propagation stage can be characterized 

using either the Crack Resistance Index or the Crack Progression Rate, both calculated by 

fitting a power equation to the load reduction curve [37],[38]. According to Garcia et al. 

[37], the cracking resistance of asphalt mixtures can be subjectively categorized into four 

categories: I) Tough-Crack Resistant, which demonstrates good resistance during both 

crack initiation (tough) and propagation (flexible). Asphalt mixtures with acceptable 

cracking resistance should fall within this quadrant; II) Tough-Crack Susceptible, which 

exhibits good resistance to crack initiation (tough) but is susceptible to crack propagation 

(brittle); III) Soft-Crack Resistant, which has easy crack initiation (soft) but can effectively 

attenuate the propagation of the crack (flexible); and IV) Soft-Crack Susceptible, which 

displays significantly poor resistance to both crack initiation and propagation. The 

corresponding test results are depicted in Figure 47 according to this concept.  
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Figure 47. Reflective Cracking Performance Space Diagram 

 

Performance Assessment with Glower-Rowe Parameter 

The Glower-Rowe parameter (GRP) is calculated at 15C and 0.005 rad/s which helps to 

predict the ductile and cracking behavior of asphalt mixtures. Figure 48 to 51 illustrates all 

other performance variation of asphalt mixtures with GRP parameter. Generally, the 

mixture cracking initiation warning is considered if the GRP value is more than 0.9 kPa/s 

at the respective condition. GPR shows an increasing trend with rut depth, CT index, and 

OL Failure cycles while relatively insensitive to TSR. Gradations 04 and 05 have a higher 

GRP, while Gradations 01 and 02 have a lower value. According to the recommended 

value, all the mixtures have less value than this, indicating positive cracking resistance, 

although mixtures Gradations 01 and 02 exhibited poor cracking resistance in the CT index 

and or Texas OL tests. 
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Figure 48. Rut Depth vs GRP Diagram 

 
Figure 49. CT Index vs GRP Diagram 

 
Figure 50. TSR vs GRP Diagram 
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Figure 51. OL Failure Cycles vs GRP Diagram 

Figures 52 to 54 show the diagrams of the volumetric properties of the gradations with 

GPR. The DP, P200, and Pbe illustrate an increasing trend with the GPR, indicating that 

GPR increases with those volumetric properties. Further, those mixtures with higher 

volumetrics may show better cracking resistance according to the above diagrams. 

Gradations 01,02, and 03 have similar volumetrics such as DP, P200, and Pbe with low 

GRP. On the other hand, gradations 04 and having higher volumetrics with higher GRP. 

 

Figure 52. DP vs GRP Diagram 
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Figure 53. P200 vs GRP Diagram 

 

Figure 54. Pbe vs GRP Diagram 

The parameters obtained from the Ideal CT test results plotted with GRP are shown in 

Figures 55 to 57. The ratio between I75/m75 increases with the GRP, where gradations 01 

and 02 have lower GRP, and gradations 04 and 05 have higher GRP. In addition, fracture 

energy is well correlated and increases with the GPR. Hence, the post-peak slope (m75) is 

reducing with the GRP. Therefore, gradations 03,04, and 05 indicate a lower rate for 

reducing the 25% peak load. In contrast, gradations 01 and 02 have a higher potential to 

reduce the peak load once its cracks by higher according to higher m75. 
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Figure 55. I75/m75 Ratio vs GRP Diagram 

 

Figure 56. m75 vs GRP Diagram 

 

Figure 57. Fracture Energy (Gf) vs GRP Diagram 
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Performance Assessment with Dust Proportion (DP) 

Dust Proportion is a crucial factor considering the durability of the asphalt concrete 

mixture. The variation of the other performance test results with the DP is shown in Figures 

58 to 61 for all the gradations. For the limited mixture gradations evaluated, the data shows 

that HWTT Rut Depth, CT-Index, and TxOL all increase as DP increases, while TSR is 

relatively insensitive to DP. Initially, these observations appear counter-intuitive. 

However, gradations 02 and 05 indicate relatively similar TSR as they may have the same 

effective binder content. As described during the assessment with other properties, 

gradations 04 and 05 show an increasing behavior for rut depth, CT index, and Tx-OL with 

the DP, while other gradations with the lower DP. 

 

Figure 58. Rut Depth vs DP Diagram 
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Figure 59. CT Index vs DP Diagram 

 

Figure 60. TSR vs DP Diagram 

 

 

Figure 61. OL Failure Cycles vs DP Diagram 
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Performance Assessment with Stability Number 

Figures 62 to 65 show the variation of all other performance parameters with the Hveem 

stability number. According to the diagrams, rut depth, CT index, TSR, and Tx-OL are 

insensitive to stability numbers by considering limited gradations.  Like the other 

assessments above, gradation 04 has a higher cracking resistance to with a relatively higher 

stability number, while gradation 01 has lower cracking resistance with a low stability 

number. Further, gradations 02 and 03 show a lower rut depth with increased stability, as 

expected. 

 

Figure 62. Rut Depth vs Stability Number Diagram 
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Figure 63. CT Index vs Stability Number Diagram 

 

Figure 64. TSR vs Stability Number Diagram 

 

Figure 65. OL Failure Cycles vs Stability Number Diagram 
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Performance Assessment with P200 

The durability of the asphalt concrete mixture also depends on P200, a crucial factor. 

Figures 66 to 70 illustrate how the other performance test results vary with P200 for all the 

gradations. The data for the limited mixture gradations evaluated indicates that Rut Depth, 

CT-Index, and TxOL all increase as DP increases. In contrast, stability number and TSR 

are relatively insensitive to P200. These observations may seem counter-intuitive initially. 

However, gradations 02 and 05 exhibit similar TSR, indicating they may have the same 

effective binder content. Regarding other properties, gradations 04 and 05 exhibit an 

increasing trend for rut depth, CT index, and Tx-OL with P200, while other gradations 

have lower P200. 

 

Figure 66. Stability Number vs P200 Diagram 
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Figure 67. Rut Depth vs P200 Diagram 

 

Figure 68. CT Index vs P200 Diagram 

 

Figure 69. TSR vs P200 Diagram 
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Figure 70. OL Failure Cycles vs P200 Diagram 

Performance Assessment with Pbe 

Another crucial factor influences the durability and mixture performance is the effective 

asphalt binder content (Pbe). The variation of the other performance test results with the 

Pbe is shown in Figures 71 to 75 for all the gradations. For the limited mixture gradations 

evaluated, the data shows that HWTT Rut Depth, CT-Index, and TxOL all increase as Pbe 

increases. At the same time, stability number and TSR are relatively insensitive to P200. 

Initially, these observations appear counter-intuitive. Further, gradation 05 indicates higher 

cracking resistance and TSR value with higher Pbe, while gradations 01 and 03 indicate a 

lower performance in cracking with lower Pbe.  
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Figure 71. Stability vs Pbe Diagram 

 

Figure 72. Rut Depth vs Pbe Diagram 

 

Figure 73. CT Index vs Pbe Diagram 
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Figure 74. TSR vs Pbe Diagram 

 

Figure 75. OL Failure Cycles vs Pbe Diagram 

Performance Assessment with Bailey Factors 

Bailey factors influence the packing of the asphalt gradation, which further leads to the 

performance of the asphalt mixture rutting and cracking. The variation of performance test 

results with the influenced Bailey factors FAc is illustrated in Figures 76 to 82. According 

to the data, DP and the Glower-Rowe parameter (GRP) show an increasing trend with the 

FAc bailey ratio. According to this, by increasing the FAc, the DP and GRP can be 

increased, which leads to improving the cracking resistance of the mixtures. Additionally, 
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rut depth and resistance to cracking increase with FAc ratio, while the Stability number 

have not shown any significant influence. 

 

Figure 76. DP vs FAc Ratio Diagram 

 

Figure 77. GRP vs FAc Ratio Diagram 
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Figure 78. Stability Number vs FAc Ratio Diagram 

 

Figure 79. Rut Depth vs FAc Ratio Diagram 

 

Figure 80. CT Index vs FAc Ratio Diagram 
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Figure 81. TSR vs FAc Ratio Diagram 

 

Figure 82. OL Failure Cycles vs FAc Ratio Diagram 

Figures 83 to 87 show the variation of CA ratio on the performance test results. Hveem 

Stability, CT index, and TSR of the mixtures showed an increasing trend with the CA ratio. 

Gradation 03 and 05 indicates a higher CA ratio with higher stability and TSR, while 

Gradation 01 and 02 with low CA ratio and low stability number and TSR. Thus, indicating 

evaluation of Bailey factors helps to compare and predict the volumetric properties and 

performance of the design mixtures at the gradation development stage. Further, increasing 

the Bailey CA factor can improve the stability and TSR of the asphalt mixtures. These 
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evaluations can be compared at the gradation development stage to predict the performance 

comparison before producing the mixtures. 

 

Figure 83. Stability Number vs CA Ratio Diagram 

 

Figure 84. Rut Depth vs CA Ratio Diagram 
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Figure 85. CT Index vs CA Ratio Diagram 

 

Figure 86. TSR vs CA Ratio Diagram 

 

Figure 87. OL Failure Cycles vs CA Ratio Diagram 
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Chapter 5: Pavement ME Modeling 

5.1 AASHTOWare Pavement ME Software 

The AASHTOWare Pavement ME Design software is a Mechanistic-empirical (ME) 

analysis tool that leverages project-specific climate, traffic, and materials data to predict 

pavement distress. This software, supported by the American Association of State Highway 

and Transportation Officials (AASHTO), is helpful for both new pavement design and 

rehabilitation design, with the ability to select specific distress predictions. 

Initially, the Enhanced Integrated Climatic Model (EICM) was employed to predict 

changes in temperature and heat in pavement layers, including unbound material layers, 

based on historical data for the climate input. However, concerns arose about the reliability 

of the climatic data. As a result, the Federal Highway Administration's (FHWA) Long-

Term Pavement Performance (LTPP) program turned to the Modern-Era Retrospective 

Analysis for Research and Applications (MERRA) for use in the Mechanistic-Empirical 

Pavement Design (MEPDG). MERRA provides an hourly climatic database, which can be 

accessed by the Pavement ME software from the closest weather station to the project 

location to estimate hourly climate data [47]. 

Instead of relying on Equivalent Single Axle Load (ESAL), the software employs actual 

traffic input and considers the axle load distribution for different vehicle classes. As for the 

materials design input, it follows a hierarchical system with three levels, which are as 

follows: 
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• Level 1: Using comprehensive laboratory. Field results from standard tests. 

• Level 2: Properties of the materials are estimated from correlations with other 

materials' laboratory test results. 

• Level 3: Best estimates of input parameters using experience with little or no 

testing. 

5.2 Performance Model 

The MEPDG approach utilizes transfer functions to predict distress for a particular 

location, considering layer properties, climate, and traffic to evaluate pavement 

performance. Initially, nationally calibrated models were developed using the LTPP 

performance database. But the Nevada Department of Transportation (NDOT) created a 

“Manual for Designing Flexible Pavements in Nevada Using AASHTOWare Pavement-

ME Design” to calibrate the MEPDG performance models based on the actual field 

performance of Nevada’s mixtures partnered with the University of Nevada, Reno (UNR). 

This database was then used to calibrate the MEPDG performance models based on the 

actual field performance of Nevada's mixtures. These inputs include materials properties 

and calibration factors that are representative of Nevada's mixtures and their field 

performance [47]. The district 2 calibration factors and material properties were used in 

the modeling, as shown in Tables 11 to 15 for each distress. 
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Table 11. AC Bottom-up Cracking Calibration Factors for District II - New Flexible 

Pavement Design [47] 

Parameter Input 

Bottom-up AC Cracking Standard 

Deviation 

1.13+13/(1+exp(7.57-

15.5*LOG10(BOTTOM+0.0001))) 

Bottom-up AC Cracking C1 0.8 

Bottom-up AC Cracking C2: < 5 

in. 

0.8 

Bottom-up AC Cracking C2: 5 

in.<=hac<=12 in. 

0.8 

Bottom-up AC Cracking C2: > 12 

in. 

0.8 

Bottom-up AC Cracking C3 6000 

 

Table 12. AC Top-Down Cracking Calibration Factors for District II - New Flexible 

Pavement Design [47] 

Parameter Input 

Top-down AC Cracking C1 7 

Top-down AC Cracking C2 3.5 

Top-down AC Cracking C3 0 

Top-down AC Cracking C4 1000 

Top-down AC Cracking Standard 

Deviation 

200+2300/(1+exp(1.072-

2.1654*LOG10(Top+0.0001))) 
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Table 13. AC Fatigue Calibration Factors for District II - New Flexible Pavement 

Design [47] 

Parameter Input 

AC Fatigue BF1: <5 in. 50*(0.000398+0.003602/(1+EXP(11.02-

3.49*hac)))/0.004 

AC Fatigue BF1: 5 in. <= hac <= 

12 in. 

50*(0.000398+0.003602/(1+EXP(11.02-

3.49*hac)))/0.004 

AC Fatigue BF1: >12 in. 50*(0.000398+0.003602/(1+EXP(11.02-

3.49*hac)))/0.004 

AC Fatigue BF2 1 

AC Fatigue BF3 1 

AC Fatigue K1 30.08 

AC Fatigue K2 5.0537 

AC Fatigue K3 2.8904 

 

Table 14. AC Rutting Calibration Factors for District II - New Flexible Pavement 

Design [47] 

Parameter Input 

AC Rutting BR1 0.16981 

AC Rutting BR2 1 

AC Rutting BR3 0.9 

AC Rutting K1 -3.2605 

AC Rutting K2 2.0055 

AC Rutting K3 0.3161 

AC Rutting Standard Deviation 1.6874*Pow(RUT,1.5749)+0.001 
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Table 15. Subgrade and Base Rutting Calibration Factors for District II - New 

Flexible Pavement Design [47] 

Parameter Input 

Subgrade Rutting BS1 0.24109  

Subgrade Coarse Grained Rutting 

K1 

1.35 

Subgrade Fine grained Rutting 

K1  

1.35 

Subgrade A-3 Rutting K1  1.35 

Subgrade Rutting Standard 

Deviation 

0.1477*Pow(SUBRUT,0.6711)+0.001 

Granular Base Rutting BS1 0.08383 

Granular Base Rutting K1 2.03 

Granular Base Rutting Standard 

Deviation 

0.1477*Pow(BASERUT,0.6711)+0.001 

 

The pavement is modeled as new construction for both gradations 01 and 05. This modeling 

aims to compare both gradation mixtures relatively. The mixtures' volumetric properties 

and dynamic modulus were obtained from the laboratory tests. Further, representative 

values for the complex shear modulus (G*), the phase angle of asphalt binder PG 64-28NV, 

mean creep compliance values, and indirect tensile strength (IDT) values for District II 

obtained from NDOT Manual for Designing Flexible Pavements Using AASHTOWare 

Pavement ME [47]. The pavement has 3 layers: subgrade, Crushed Aggregate Base Course 

(CAB), and Asphalt layer. The pavement section was designed as an asphalt layer of 7 
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inches over an aggregate base of 12 inches with 20,000 psi modulus with a subgrade of 

8,000 psi at an Average Annual Daily Truck Traffic (AADTT) of 700.  

According to the analysis using local calibrations, gradation-05 shows a life span of 3 years 

more than gradation 01. This is purely evaluated using the volumetric and dynamic 

modulus of the gradations. It is required to get the mix-specific calibration factors to 

compare the actual performance and life span. Further, it is identified that top-down fatigue 

cracking was the key distress that played a role in influencing the life span of those 

gradations.  
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Chapter 6: Findings, Conclusions, and Recommendations 

6.1 Findings and Conclusions 

The research effort presented in this thesis covered the development of five dense graded 

aggregate gradation mixtures designed using the Hveem method and evaluation of the 

engineering and performance properties of the designed mixtures. The laboratory 

experiment evaluated five different gradations meeting the NDOT Type 2 or Type 2C 

gradation requirements. Based on mixture designs, performance tests and analysis from the 

laboratory evaluations, the following findings and conclusions can be made: 

• All of the mixtures met current NDOT mix design requirements and had Hveem 

stability values greater than 39, well above the NDOT minimum requirement of 35, 

regardless of gradation type. 

• Table 16 shows a summary of factors that had the most impact on mixture 

performance test results with the volumetric properties, parameters from the CT 

index test, and GRP. 

• Gradations 04 (Type 2C) and 05 (Type 2C) exhibit higher resistance to cracking 

due to relatively higher VMA, DP, and Pbe than the other gradations. This indicates 

better durability performance. 

• Gradations 01 to 03 (Type 2) had low HWTT rut depths compared to those 04 and 

05 (Type 2C), likely due to the lower effective binder content and having a FAc 

factor within the recommended range from Bailey method. The rut depth shows an 

increasing trend with Pbe and P200.  Further, Gradation 05 (Type 2C) had a higher 
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rut depth due to higher effective binder content. Therefore, moving towards higher 

Pbe and P200 are not recommended for better performance for rutting. 

• HWTT rut depths of mixtures decreased with an increase in dry and wet tensile 

strengths. But more data is needed for validation. 

• All mixture gradations had TSR values greater than 70%, and dry tensile strengths 

greater than 65 psi, likely due to lime marination of the aggregates. It is identified 

that the northern Nevada aggregates are susceptible to moisture, and lime 

margination is recommended for Northern Nevada aggregates to reduce the 

moisture damage. 

• Gradations 03, 04, and 05 (all Type 2C) possessed CT-Index values greater than 

90, indicating good cracking resistance for short-term aged mixtures. Conversely, 

Gradations 01 and 02 (Type 2) with relatively lower p200, DP and Pbe, exhibited 

lower CT index values close to 60.  Interestingly Gradations 04, and 05 (Type 2C) 

performed well in the Texas Overlay test, while Gradation 03 (also Type 2C) 

performed very poorly in it suggesting the CT-Index and Texas Overlay are 

capturing difference behaviors even though they are both cracking tests with tensile 

forces.  

• All the mixture gradations except Gradation 03 (Type 2C) exhibited more than 750 

cycles to failure in the Texas Overlay test, indicating higher resistance to reflective 

cracking. The poor performance of the Gradation 03 (Type 2C) mixture is attributed 

to lower effective binder content. Gradations 04 (Type 2C) and Gradation 05 (Type 

2C) did not exhibit failure at the test maximum 5000 loading cycles indicating 
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superior cracking resistance due to higher effective binder content and dust 

proportion. 

• Gradation 05 (Type 2C) showed higher number of cycles to failure in beam fatigue 

tests than Gradation 01 (Type 2) due to higher binder content and DP. Comparing 

the volumetric and dynamic modulus data through Mechanical-Empirical Design, 

resulted in mixture Gradation 05 (Type 2C) having an estimated performance life 

a few years longer than mixture Gradation 01 (Type 2) 

• The Bailey Method revealed that the choice of aggregate gradation plays a crucial 

role in performance. When the gradation is optimized, the asphalt content can be 

increased to enhance the mixture's durability while ensuring stone-to-stone contact 

within the aggregate skeleton can help regulate its stability. The Bailey Method 

suggested that Gradations 04 and 05 (Type 2C) could present compaction 

challenges in the field.  

• Table 17 shows the recommended “Type 2F” specification for NDOT Districts 2 

and 3. This should be refined by considering additional aggregate sources in these 

Districts. 
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Table 16. Factor Influence on Performance Test Results. 

Properties 
Hveem 

Stability 
TSR HWTT 

CT 

Index 

Texas 

Overlay 

Dynamic 

Modulus 

Flexural 

Fatigue 

Gradation 
Type 

- √ √ √ √ √ √ 

P200 - - √ √ √ √ √ 

%AC - - √ √ √ - √ 

%VMA - - √ √ √ - √ 

%VFA - - - - - - - 

DP √ - √ √ √ √ √ 

Pbe - - √ √ √ √ √ 

I75/m75 - √ √ √ √ - √ 

m75 from 
CT index  

- √ √ √ - - √ 

Gf from 
CT index 

- √ √ √ √ √ √ 

GRP - - √ √ √ √ √ 

FAc 
Ratio 

- - √ √ √ √ √ 

CA Ratio - √ - √ - - √ 

 

Table 17. Recommended "Type 2F" Specification. 

Sieve Type 2F (% Passing Range) 

1” 100 

¾” 93 - 100 

½” 79 - 95 

3/8” 70 - 85 

#4 50 - 63 

#10 33 - 44 

#40 15 - 22 

#200 5 - 8 
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Appendix   

 

Figure 88. Accurate Aggregate Batching for Gradation-01 

 

Figure 89. Accurate Aggregate Batching for Gradation-02 
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Figure 90. Accurate Aggregate Batching for Gradation-03 

 

 

Figure 91. Accurate Aggregate Batching for Gradation-04 
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Figure 92. Accurate Aggregate Batching for Gradation-05 
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