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A porous asphalt mixture (PAM) is distinguished by its different 

porous structures, which allow water to move through it as quickly 

as possible, making drainage an essential component. Porous 

asphalt pavement (PAP) can maintain its permeability because the 

mixture contains voids that are interconnected with one another. 

Permeability, on the other hand, decreases as the proportion of 

particles in the gradation and the level of compaction increases. To 

generate various air-void structures, permeability was evaluated 

with specimens made from varying sizes and shapes of aggregates. 

The equipment that was used for this research was specifically 

designed. When compared directly with permeability, the findings 

indicate that the combination of multiple forms is not directly 

comparable. The permeability of PAM was observed to be affected 

by a variety of air void densities, which were observed. While 

there was a beneficial influence on permeability, there was a 

negative impact on the Resilient Modulus (MR), which was 

detected when there was an increase in the void content. The 

amount of air voids in the mixture substantially impacts the 

performance of porous asphalt mixtures. Open-Gr-I viscosity grade 

(VG30) bitumen has a permeability value of 0.394 cm/s, and the 

resilience modulus value for open-Gr-II mixtures that use a 

modified binder is 3494 MPa. Both of these values are relative to 

the permeability value. The drainage and stiffness metrics for the 

several combinations investigated in this study were considerably 

impacted by the gradation, the kind of binder, and the temperature 

conditions. Stormwater management is possible in PAP and 

improves the groundwater table. 
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1. Introduction 

Porous asphalt mixtures are increasingly popular due to their benefits in driver comfort and safety. These 

pavements allow water to drain off the road surface, significantly reducing hydroplaning and decreasing 

the risk of accidents, particularly on high-speed roads, Figure 1 shows the Basis for the adoption of 

porous asphalt pavement. [1, 2]. The porous structure also helps reduce noise as the pores within the 

asphalt mixture absorb sound waves. The internal connectivity of these pores largely determines the 

performance of permeable pavement. Open-graded mixtures, which incorporate a significant amount of 

large aggregates, are typically used to maintain the permeability of the pavement layer. [3–6]. 

There are two common approaches for designing porous asphalt mixtures to ensure the presence of 

connected voids: regulating the total air void content, also known as interconnected air voids, and 

measuring the mixture's permeability to reflect the connectivity of the internal voids. The total air void 

content gives an overall measure of the mixture's porosity. In contrast, permeability provides insights into 

the drainage capability of the mix, as well as the extent and size of void connectivity. It is crucial to assess 

the permeability of the porous asphalt mixture during the design phase to ensure its drainage, anti-skid, 

and noise reduction capabilities.[7–12]. 

Permeability and stiffness are key performance indicators for porous asphalt pavements. The permeability 

test is directly related to the air void content in the mixture, while the stiffness parameter indicates the 

mixture's horizontal deformation and ability to recover strain. The pavement layer is resilient modulus 

and depends on the compacted layer's indirect tensile strength (ITS) value, which is typically considered 

to be between 10-20% when conducting a Resilient Modules test. This test helps in assessing horizontal 

deformation and recoverable strains. [13–15]. 

The quieter nature of roads with porous asphalt surfaces is attributed to the dispersion of sound waves 

across the mixture's pores. The performance of porous asphalt road pavement is primarily influenced by 

the internal connectivity of the mixture's pores. The pore structure and connectivity significantly impact 

the internal permeability of compacted specimens. [16–21]. 

 
Fig. 1. Basis for the adoption of Porous asphalt pavement. 

Porous asphalt paving technologies have been recognized globally as a reliable solution for sustainable 

drainage systems. These systems can incorporate permeable pavement, which includes porous asphalt. 

The porosity and pores in porous asphalt help eliminate many contaminants from stormwater runoff and 

reduce the risk of hydroplaning. The high levels of air void content contribute to its permeability, 
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resulting in lower stormwater flow on the pavement surface. This reduction in flow leads to fewer 

splashes and floods during rainy conditions, thereby enhancing road safety, improving visibility, reducing 

accident likelihood, and decreasing the danger of hydroplaning. The unique aspect of porous asphalt is its 

combination of stormwater treatment and control with vehicle functionality[22–25]. Rainfall duration 

significantly influences the sample's permeability [26]. 

Additionally, the open-graded structures of porous asphalt mixtures (PAM) offer excellent sound 

absorption, which helps reduce tire noise on the road surface. However, an open-graded mixture's resilient 

modulus and tensile strength are typically much lower than conventional dense-graded asphalt. This open 

structure also significantly reduces the mixture's durability. Aggregate gradation plays a crucial role in the 

performance of PAM. The resilient modulus test, often used to assess an asphalt material's stiffness, has 

shown that the crushed aggregate component influences the resilient modulus in the asphalt mixture. This 

has been demonstrated in large-scale, conventional tests.[27–30]. 

The resilient modulus of the asphalt specimens was evaluated using the Repeated Load Indirect Tensile 

Test (RLITT). This test is performed at low stress levels, with a maximum stress of ten percent of the 

breakthrough stress, to ensure the linear behavior of the materials. The test involves five pulses of 

haversine loading, with each pulse lasting for three thousand milliseconds. The total recoverable 

diametrical strain is measured along an axis perpendicular to the applied load. A Universal Testing 

Machine (UTM) is used for the RLITT, which includes a temperature-controlled chamber to maintain a 

consistent temperature throughout the test. Specimens are conditioned in this temperature for at least three 

to four hours before testing. The test specimens are cylindrical, measuring 65 mm in thickness and 100 

mm in diameter, as recommended by various studies. [31, 32]. 

Considering the economic and ecological aspects of improving asphalt binder performance is essential. 

Modified binders generally offer better performance.[33–35]. Moreover, in urban areas, the ability to 

filter contaminants from stormwater helps protect the environment and reduce runoff. [36, 37]. However, 

evaluating the stiffness performance is a significant step in studying porous mixtures, enhancing the 

application of these materials in high-traffic conditions. This research's innovative aspect lies in 

combining highly modified asphalt with a porous asphalt mixture, resulting in excellent stiffness 

resistance and effective drainage capabilities. 

This study explores the permeability and stiffness properties of porous asphalt mixtures in a laboratory 

setting, analyzing these properties as a function of mixture porosity. For two types of pavement mixtures, 

four target porosity levels were evaluated: 19%, 18%, 17%, and 16%. These levels represent the range of 

porosity that porous pavement materials are expected to exhibit during their service life, corresponding to 

their permeability coefficients (hydraulic conductivity). The constant-head test was used to determine the 

permeability coefficient, while the resilient modulus was measured to assess stiffness performance. The 

study compares the permeability and stiffness characteristics of the two types of porous pavement 

materials. 

2. Materials used in the study 

2.1. Aggregate 

The properties of aggregates significantly impact the performance of the binder. Aggregates must meet 

stringent specifications and be free from chemicals, clay coatings, and other fine materials that could 

impede the asphalt binder's hydration and bonding process. Additionally, the aggregates must be clean, 

durable, and robust. 
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Fig. 2. Gradation curve used for this study. 

The gradation bandwidth was chosen according to the National Asphalt Pavement Association (NAPA) 

specifications. The natural coarse aggregates used in this study comprised siliceous and calcareous 

materials, with a maximum size of 19 mm and a specific gravity of 2.66. Two different binders were 

employed, and two distinct porous asphalt mixtures with nominal maximum aggregate sizes (NMAS) of 

19 mm and open-graded gradations were used. These gradations were based on aggregate packing 

studies. [38]. The two gradations impacted the initial air voids, affecting the asphalt mixtures' 

permeability. The bitumen composition for each intended gradation, the placement of the coarse and fine 

aggregates, and the specified percentage for mixing are outlined below. The mixtures were compacted at 

temperatures of 150-153°C and 162-164°C. Figure 2 displays the open gradation considered in this study. 

Open gr-I is a coarse gradation comprising 80-85% of the maximum aggregate size, while Open gr-II is a 

fine gradation containing 22% of fine sizes, as determined by packing studies. 

2.2. Specifications of mixture binder 

The previous study describes the methodology used for designing the mixture in this research. A porous 

asphalt mixture was successfully created using PMB40 asphalt binder, modified with styrene-butadiene-

styrene (SBS) and VG30 (viscosity grade bitumen), as detailed in Tables 1 and 2. According to the NAPA 

standards, porous asphalt concrete's nominal maximum aggregate size is less than 19 mm. Specimens 

ranging from 101.5 mm to 63.5 mm were produced using the Marshall Mix design. This study compared a 

medium-viscosity binder with a polymer-modified high-viscosity binder to analyze its effects on drainage 

properties and stiffness parameters. 

Table 1. PMB40 Binder properties. 
S.No Characteristics of PMB40 Results IS 15462:2004 

1 A penetration test, 25⁰C.0.1mm,100g 42 30 to 50 

2 Softening point test 64 Min. 60oC 

3 Elastic Recovery test 80 Min. 70% 

4 Viscosity test 5.6 3-9 poise 

5 Separation test 1 Max 3oC 

6 Tests on residue from RTFOT   

 a) Loss in mass 0.8 1.0% Max 
 b) Softening point test 3 5 oC Max 
 c) Reduction in Penetration 27 35% Max 

 

Table 2. VG30 Binder properties. 

S.No Test Results IS73 (2018) 

1 Absolute viscosity at 60⁰C (poise) 2765 2400-3600 

2 Kinematic viscosity at 135⁰C (centistokes) 399.0 350 Min. 

3 Penetration point 25⁰C.0.1mm,100g 50.0 45 Min. 

4 Softening point ⁰C 53.0 47 Min 
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3. Research problem 

The main goal of the research was to investigate how aggregate gradation impacts the permeability and 

stiffness characteristics of porous asphalt mixtures. The study involved preparing mixtures using two 

different gradations and binders, evaluating their drainage properties, and assessing the material's stiffness 

under various conditions. Pore structure analysis was conducted using image analysis techniques, and a 

3D model was developed for this purpose. Permeability data compare with different air void content in 

the mix. 

4. Research methodology 

The MR test is a standardized method used to assess the mechanical properties of asphalt samples. This 

dynamic shear test evaluates the asphalt's capacity to withstand deformation and regain its original shape 

after experiencing stress. The primary goal of the current research is to compare the permeability and 

stiffness characteristics of two porous pavement materials: VG30 and PMB40. The permeability 

coefficient is utilized as the drainage parameter to describe the ability of the porous materials to drain. 

These materials are assessed to determine their MR and permeability coefficient at various stages. 

Additionally, air void content is measured to analyze the stiffness behavior of each tested porous 

specimen. 

5. Test performance 

5.1. Permeability test set-up 

Permeability is a critical characteristic between conventional and porous asphalt mixtures; this is also the 

main distinction. The analysis of these mixes must include a method for accurately measuring this feature. 

It was necessary to devise new techniques for calculating drainage capacity. Per Darcy's law, a prototype 

model is developed in the laboratory to measure the falling head permeability, as shown in Figure. 3. 

𝐾 = 2.3
𝑎𝐿

Al
 log (

ℎ1

ℎ2
) (1) 

where k is the coefficient of permeability (cm/s), A is the cross-section area of the specimen (cm2), a is 

the cross-section area of the standpipe (cm2), L is height of specimen (cm), t is time taken for water in the 

standpipe to fall from h1 to h2(s), h1 is head at the beginning of time measurement (cm), h2 is the head at 

the end of time measurement (cm). Equation (1) was developed based on Darcy’s law, which assumed 

that the sample was saturated and homogenous while the flow was laminar. There have been some 

arguments about the applicability of Darcy’s law for calculating the coefficient of permeability in the 

context of porous asphalt. Darcy’s law remains valid. (Tan et al. And Fwa et al. 2013). 

To investigate the seepage characteristics of porous asphalt mixes, the permeability of each sample in the 

Open gradation Gr-I and Gr-II series was analyzed. Initial permeability values for new porous asphalt 

surfaces ranged from 0.4 to 0.294 cm/sec. Permeable pavement, characterized by a porous surface made 

of an asphalt sample, was the focus of this study. A laboratory-constructed falling head permeability test 

device was developed, featuring a 100mm diameter standpipe, two glass plates positioned in a 100mm 

diameter asphalt mold, and a control chamber ball valve connected to the standpipe. Additionally, the 

study examined the sudden on/off flow to the sample, facilitated through a ball valve mechanism. 
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Fig. 3. In-House Fabricated Permeability Test Set-up. 

5.2. Resilient modulus test 

The ASTM D7369 – 20 procedure outlines testing resilient modulus (MR) by specifying the load, 

frequency, and duration. This procedure was followed for testing at five distinct temperatures: 5°C, 15°C, 

20°C, and 25°C. The Indirect Tensile Strength (ITS) is also measured at 25°C using a temperature-

controlled chamber. For MR testing, the ITS results indicate a binder content range of 10% to 20%. 

Laboratory cores should be heated to the test temperature in a controlled chamber. To ensure accuracy, 

core specimens must be maintained at 25°C for at least 6 hours before testing unless another precise 

temperature monitoring method is used. It's also recommended that a dummy sample be used to verify 

temperature and ensure proper specimen seating and alignment. The test specimen should be positioned 

such that the mid-thickness mark, where the two diametric axes intersect, aligns with the actuator shaft or 

is perfectly centered between the end markings of the loading strips. Proper alignment is crucial, and the 

back face of the specimen can be inspected using a mirror. The contact surface of each loading strip with 

the specimen must be flawless for accurate results. For preconditioning, apply 100 load applications per 

rotation. However, the minimum load applications needed should be chosen based on maintaining 

consistent deformations in the resilient modulus. At least five stable processes are required where the 

resilient modulus change is less than 1% over five consecutive cycles. Record the cause and number of 

preconditioning cycles if additional methods are used. If total cumulative vertical deformations exceed 

0.025 mm (0.001 in.), reduce the applied load to the minimum level necessary to maintain measurable 

deformations. After preconditioning, record deformation measurements separately from the load sensor 

and four deformation measuring devices. The last five loading cycles are used for recording responses, 

including deformation and load. Each loading cycle consists of a load pulse followed by a rest period. 

This process assesses the strength of the specimen under tension. Ensure the loading axis of the specimen 

is aligned with its initial testing position. Calculate the total MR (MPa), sample thickness (mm), and 

Poisson's ratio (µ) using the appropriate equation. 

𝑀𝑅 =
𝑃

𝐻𝑡
(0.27 + µ) (2) 
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6. Results and analysis 

6.1. Pore structure analysis 

The plane and three-dimensional porosity measurement methods were employed and compared for the 

porosity analysis. A summary of the research findings is provided in Table 3, which will be discussed in 

the next section. The results indicate that porosity in specimens can be measured accurately using ImageJ 

techniques. When using this image measurement method, it is important to consider that the results are 

significantly affected by the clarity of the scanned CT slice and the chosen threshold Figures 4 and 5 

show different pore structures and associated voids. There is a link between aggregate gradation and pore 

structure. Red markings highlight the pore structure in the compacted sample. Particle analysis of total 

permeability simulation was performed to examine how material permeates the internal voids of the 

PAM. This simulation accounted for the materials' multi-scale and multi-directional flow characteristics 

within the PAM's pores. 

 
Fig. 4. Connected pore structure of the Porous sample (Top view). 

Two binders differ in air void content in mx—open Gr-I high air void content combination of VG30.Pore 

size is also high in the mixture, influenced by coarse aggregate percentage. The connected pore structure 

of the specimen combined layer structure was developed during the first image analysis phase. It indicates 

the air voids skeleton. The second phase is the labeling of pores and separation of each layer, as well as a 

clear indication of aggregate structure with coated bitumen. The third image analysis phase developed a 

pore structure model and neglected the coated aggregate structure. 

 
Fig. 5. Internal view of connected air voids. 

Table. 3. Results of pore dimensions. 

Description 
VG 30 PMB 40 

Open Gr-I Open Gr-II Open Gr-I Open Gr-II 

Pore structure total 2.489 2.496 2.474 2.483 

Pore structure (Connected) 2.428 2.424 2.389 2.418 
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Fig. 6. Analysis of the pore structure in three dimensions. 

The notable increase in the infiltration rate of porous materials attributed to PAM is not primarily due to 

overall porosity but rather the connected porosity. This study employs the connected porosity ratio, which 

is the ratio of connected porosity to total porosity. Figure 6 illustrates the connectivity of PAM voids. 

Although there are some discrepancies between measurements obtained using the 3D measurement 

method and the water displacement method, both methods reveal a similar trend: the connected porosity 

ratio of PAM increases as the PAM content rises. As the aggregate size of PAM increases, the connected 

pore ratio also increases, even if the overall porosity remains constant. This observation supports the idea 

that increasing PAM's porosity and aggregate size enhances pore connectivity. Table 03 presents the 

results related to pore dimensions. 

6.2. Coefficient of permeability 

The permeability of the porous asphalt samples was assessed using a falling head permeameter. 

Permeability refers to the rate at which water can pass through a porous material. For effective pavement 

performance, it is essential that water can flow through and away from the surface at an appropriate rate. 

According to [37], a minimum permeability rate of 100 m/day (0.115 cm/sec) is required for proper 

pavement functionality. Despite its importance, porous asphalt (PA) mix design typically relies on indirect 

indicators such as minimum total air void content or optional permeability assessments of lab-produced 

samples. However, other factors also influence the performance of PA mixtures in terms of permeability, 

including the quantity, area, and equivalent diameter of voids, which are significant volumetric 

characteristics. 

 
Fig. 7. a) porous asphalt sample ready for test; b) 24-hour saturation before conducting a test (permeameter filled 

with water). 

Figure 7 depicts the sealed sample ready to be tested using the in-house produced permeameter before the 

test was conducted. The sample was kept in the temperature chamber of the UTM for four hours at 25 

degrees. Following conditioning, the specimen will be fixed in the permeameter stand before the test. 

Once saturation is completed, the sample is ready for the cycle permeability test. The sample kept two 
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Perspex plates attached screws are used to tighten the sample specimen along with rubber rings. Rubber 

rings are essential to house fabricated equipment because of water leakage on the mould sides. 

The results of the current study showed that Gr-II had less porosity than open Gr-I; this indicated that Gr-

II's lower permeability was anticipated. The fine gradation resulted in aggregate particles that were 

packed more tightly in comparison to the coarser gradations, which resulted in a lower air void content in 

Gr-II and, as a consequence, a lower permeability in the Open Gr-II category, which is the category with 

the highest porosity, experienced the most significant improvement in permeability as shown in Figures 8 

and 9, respectively. Here, the permeability coefficient occurred between 280 and 360 meters/day, 

indicating that the porous structure performs well regarding drainage quantification. Air void content 

effect Open gr-I in combination with medium viscosity binder influences the permeability value. The 

drainage parameter in a porous asphalt mixture is high in the mix. Polymer-modified binder mixture in 

open Gr-II has a low permeability value in the effect of aggregate gradation, and binder film thickness 

affects the air void content in the mix. 

 
Fig. 8. Coefficient of Permeability vs Air void content of VG30 binder Open Gr- I & I. 

 
Fig. 9. Coefficient of Permeability vs Air void content of PMB40 binder Open Gr- I & II. 

Porosity can be considered a structure of voids permeable to water from the outside; nevertheless, 

permeability is more closely associated with porosity than air voids. Calculating the permeability of an 

aggregate mixture is attainable if one considers the void ratio of the aggregate gradation. This is done 

According to the connections between permeability and the time it takes water to pass through a porous 

asphalt specimen, as depicted in Figure 10. Permeability values are correlated with the time in seconds, 

and water head height also influences the time of drain out. An aggregate skeleton or structure primarily 

depends on two forms of the porous skeleton: their size, shape, and texture. Here, the vital role of Gr-I 
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combinations is to have higher permeability rates due to more air voids. The Interconnecting voids that 

allow water to pass through an open Gr-II mixture are reduced when the fine content is high since this 

tends to fill more void spaces. High acceptable content also leads to an increase in mastic. Also, two 

gradations reached the maximum permeability value. 

 
Fig. 10. Coefficient of permeability with time  Open Gr- I & II. 

6.3. Indirect tensile strength (ITS) 

This test was carried out per ASTM D 6931-07 and involved loading a Marshall specimen with a single 

load in a direction perpendicular to the vertical diametral plane. During the test, strain gauges were 

utilized to measure the horizontal deformation at the highest load. To evaluate how the mix behaves at 

lower temperatures, the test is carried out at 25 degrees Celsius. The following equation (1) describes 

tensile strength as well as the tensile strain at the point of failure: 

Ts= 
2000𝑃

𝜋𝑑𝑡
 (1) 

Where Ts is ITS (Kpa), P is applied load (N),d is the diameter of the specimen, and t is the thickness of 

the specimen. After conducting ITS, it took 10 to 20% of the value of ITS to conduct a resilient modulus 

(MR) test. The ITS values used for the study's resilient modulus are shown in Figure 11. This study 

considers 15% of the ITS value for the MR test. 

 
Fig. 11. Trend of indirect tensile strength values for the mixes. 
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6.4. Resilient modulus 

The resilient modulus, evaluated in the indirect tensile mode, accurately represents the elastic properties 

that asphalt mixtures exhibit when subjected to repeated stress. In the past, one of the most common 

approaches to determining the stiffness modulus of hot-mix asphalt was to use the resilient modulus. The 

MR values occurred at 2200 and 2500 for VG30 binders, which showed that these types of surface courses 

have more stiffness for external and impact loads. Figure 12 shows the specimen set in a UTM machine 

with LVDTs and ready for testing in the temperature chamber. 

 
Fig. 12. Resilient modulus test sample set up in the equipment. 

 
Fig. 13. Resilient modulus values for Open Gr- I & II. 

Here is the resilient data for each gradation. The maximum value of the MR list is below. The porous 

structure cyclic load force gradually increased in the five cycles illustrated below. Figure 13 shows the 

differences in resilient modulus with permissible content, binder quality, and compaction level porous. 

The indirect tensile strength test carried out as part of the research project revealed that the results for 

resilient modulus also suggested that mixtures with virgin binder show greater resilient modulus values. 

Virgin binder values are lower than a modified binder (PMB40). Both of these findings can be found in 

the study. This leads to more rigid mixtures with a larger capacity to spread loads and more excellent 

resistance to fatigue cracking and irreversible deformation structure modular value, which is higher for 

these two open gradations. 

 
Fig. 14. UTM test equipment set up, including temperature chamber. 
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High and medium viscous binders have proven essential in strengthening the resistance of asphalt mixes 

to various stresses, even though these binders only make up a small part of the overall mixture. The 

presence of changed binders can benefit the combination's overall performance, particularly its strength, 

stability, and resilient modulus. The UTM testing equipment is seen in Figure 14. The last five cycles of 

data are presented in Tables 04 and 05 of different mixtures. 

Table 4. Resilient modulus test data for the last five cycles for PMB40. 

Cycle  1 2 3 4 5 Mean SD CV% 

MR MPa 3584.98 3467.55 3502.50 3460.88 3452.13 3493.61 48.78 1.40 

CLF N 1286.16 1333.62 1351.47 1347.35 1352.85 1334.29 25.01 1.87 

CF N 20.14 19.99 19.99 19.99 19.99 20.02 0.06 0.30 

TRHD µm 3.53 3.78 3.80 3.83 3.86 3.76 0.12 3.12 

MR Resilient Modulus; CLF Cyclic Loading Force; CF Contact force and TRHD Total recoverable horizontal deformation 

 

Table 5. Resilient modulus test data for the last five cycles for VG30. 

Cycle  1 2 3 4 5 Mean SD CV% 

MR MPa 2405.77 2305.12 2267.39 2279.52 2239.33 2299.43 57.23 2.49 

CLF N 1178.74 1251.53 1267.24 1269.84 1268.92 1247.25 34.90 2.80 

CF N 20.14 20.45 19.84 19.53 20.14 20.02 0.31 1.55 

TRHD µm 4.28 4.74 4.88 4.86 4.95 4.74 0.24 5.09 

 

 
Fig. 15. Influence of air void content in MR (VG30). 

This test will measure the stiffness of porous asphalt mixtures. Repeated haversine waveform 

compressive loads were applied to the sample at 25 °C. Figures 15 and 16 depict the results of a resilient 

modulus test at 25°C utilizing two unique gradations and two different binders. The results show that the 

mixture with Porous Gradation Open Gr-II has the highest resilient modulus when tested at 25 °C 

compared to mixes with PMB40 greater than VG30. As a result, when compared to a mixture that 

contains fewer than 10% particles, the combination increases the stiffness of porous asphalt mixes. As a 

result, a relationship between the high strength modulus and the air void concentration has been 

determined. Overall, it is evident that the starting value increases while the resilient modulus decreases 

with increasing void content. 
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Fig. 16. Influence of air void content in MR (PMB40). 

6.4.1. Effect of different optimum binder content on resilient modulus 

The influence that varying amounts of binder have on the resilient modulus is depicted in Figure 17. 

According to the compiled results, it appeared as though the resilient modulus was high when the binder 

concentration was 5.5 percent. Still, it became lower when the binder level was 5.9 percent. An increase 

in the amount of binder used could have s. Researchers discovered that materials with a high binder 

concentration achieved the lowest resilient modulus possible. On the other hand, it was found that the 

modulus of the mix with particular binder contents had a value that decreased over time. This suggested 

that the tests did not follow a linear procedure as far as the damage accumulation of the material was 

concerned. 

 
Fig. 17. Trend of resilient modulus at different binder content. 

7. Horizontal deformation vs load for mixtures 

The stiffness modulus of the asphalt mixtures was analyzed with the help of a durable modulus test, 

which was carried out with the help of the repeated-load indirect tension test. The testing procedure is a 

non-destructive approach to establish whether a combination may recover after being subjected to 

repeated stress. Results with a high resilient modulus value demonstrate that the asphalt mixture is stiff 

and that less strain may be retrieved from repeated vehicle loads. This indicates that the variety is more 

resistant to cracking. Peak loads were applied periodically to the cylindrical samples throughout this test, 

resulting in horizontal deformations of 200 and 300 macro stresses. In each load cycle, a 0.9-s rest period 

comes after a 0.1-s load application. It is possible to determine the resilient modulus over some time by 

continually measuring the load and the deformation. Additionally, the specimen axis and the degree of 
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grain-to-grain contact between aggregates in a porous structure are factors that impact the deformation of 

the material. The characteristics of stiffness were the primary focus of the current investigation because of 

the durability assessment they provide. The information presented in Figures 18 and 19 demonstrates that 

the PMB 40 and VG30 binder combination of open Gr-II is more durable than Gr-I, which is currently 

available. The gradation sizes, the structure aggregate skeleton, and the axis of direction sample are the 

factors that significantly influence the outcome. In Open Gr-I, the horizontal deformation value has a 

more significant impact on the VG30 medium viscosity binder, and the air void content of the mix is 

higher than in other combinations. The layer thickness of the binder film affects the deformation of the 

compacted structure. Open Gr-II combination of polymer-modified binder deformation on the lower side 

compared to other porous asphalt mixtures in the selected gradations. The last five cyclic loading periods 

measure the horizontal deformation of the compacted specimen in the laboratory. The PMB40 

combination of a mix of Open Gr-II has a higher stiffness value. 

 
Fig. 18. Load vs Total horizontal deformation of VG30 binder Open Gr- I & II. 

 
Fig. 19. Load vs Total horizontal deformation of PMB40 binder Open Gr- I & II. 

8. Conclusions 

Based on the results obtained from the analysis and developed models in the present study, the following 

conclusions are drawn: 

• Gradation, skeleton mass, and binder film thickness all play a role in determining permeability. 

Both binders exhibit high permeability values, with open Gr-I at 0.4 cm/sec and open Gr-II at 
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0.290 cm/sec. PAM porosity and aggregate size significantly impact pore structure complexity. 

Generally, simpler porous structures exhibit higher porosity and larger aggregate sizes. PA mixes 

present a variety of total, connected, and distributed pore structures. 

• Air void content substantially affects the permeability of modified binders, influencing each 

mixture by approximately 20%. Factors such as the gradation of open-graded mixtures, the type 

and content of binder, and mixing and compaction temperatures play a crucial role in this 

influence. 

• An increase in air void content across two gradations, leads to a decrease in resilient modulus, as 

fines and filler materials constitute less than 10%. Open Gr-I shows a lower modulus value of 

2150 MPa for the VG30 binder, while open Gr-II records a higher modulus value of 3350 MPa for 

the PMB40 binder. 

• The stiffness requirements are met for both open Gr-I and Gr-II mixtures, with VG30 and PMB40 

binders used during critical load cycles. The porous asphalt gradation demonstrates strong average 

modulus values above 1500 Mpa. Polymer-modified asphalt enhances the cohesion and durability 

of porous asphalt mixtures, facilitating the achievement of the desired binder film thickness. 

• VG30 binders exhibit a high resilience modulus due to their optimal pore sizes and aggregate 

dimensions. The percentage of each grade impacts the mixes significantly. There is an interaction 

between permeability and stiffness, with high permeability influencing the modulus value. 

9. Recommendations of study 

In porous asphalt pavement, the most crucial phase is to carry out the test in a variety of coupled 

conditions, including the following instances: In the future, the scope of the study will expand to include 

permeability tests carried out at varying temperatures as well as variations in the effects of compaction in 

test samples of porous asphalt mixture. The compaction effect is compared with the mix's permeability 

and air void content. Calculate the refusal density percentage of each mixture. 
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