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ABSTRACT: Roads play a crucial role in fostering economic growth and providing social 

advantages in every nation. However, over time, road infrastructure can become outdated. 

According to studies conducted by World Highways, a road may seem to be in good condition 

on the surface while hiding a severe issue beneath. As a result, periodic maintenance, repairs, 

or modernization may be necessary for road structures. The primary purpose of this project was 

to investigate the effects of permeability on road base materials by removing particles and 

restoring strength through stabilization with bitumen. Optimum grade 60/70 bitumen was used 

in compliance with Malaysia JKR specifications to create a realistic case scenario. The 

formulation excluded open-graded road base material with particles smaller than 1.18 mm or 

2.0 mm, and bitumen stabilization levels of 0%, 2%, 2.5%, and 3% were implemented to reduce 

the decrease in mechanical strength. The mechanical strength was determined using the 

California Bearing Ratio (CBR) test, while a Constant Head Method Permeability test was 

conducted to identify the optimal design mix with the maximum achievable permeability 

coefficient. The results showed that bitumen stabilization increased the mechanical strength of 

the road base material, with the highest result compensating for the drop by 8.7%. With open-

graded road base material, the permeability can be increased by up to 17.2%. Therefore, open-

graded road foundation material with bitumen as a binder for stabilization can be used in the 

construction of pavements in Malaysia, an area with relatively high rainfall intensity. 

KEYWORDS: Open graded; road base; bitumen; stabilisation; permeability; California 

bearing ratio. 

 

1. Introduction 

Climate change has been shown to have a significant impact on the weather patterns in 

Malaysia, resulting in rising temperatures and changes in rainfall patterns that lead to more 

extreme weather events like floods and landslides. Furthermore, Malaysia is susceptible to 

tropical storms and typhoons, particularly along the eastern coast of the peninsula and in Sabah 

and Sarawak. These weather patterns can significantly impact the country's infrastructure, 

including roads, bridges, and buildings, highlighting the need to incorporate climate resilience 

measures in construction and planning processes [1]. 

https://tecnoscientifica.com/journal/csue
https://doi.org/10.53623/csue.v3i1.198
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Due to the unpredictable nature of precipitation intensity, the functional capacity of road 

structures is insufficient, especially for road drainage functionality. The poor permeability of 

road structures causes water to accumulate on the road surface during sudden downpours. This 

stagnant water accelerates the structure's deterioration relative to natural aging [2, 3]. The road 

base is one of the pavement's layers, consisting of aggregates, crusher run, and occasionally 

quarry dust. Coarse and fine particles are compressed at this layer, with fines used to fill the 

spaces between coarse aggregates [4, 5]. The layer is generally compacted in compliance with 

state-specific norms, which can reduce the mobility of aggregates. Good compaction is 

necessary to minimize the sliding of coarse aggregates against one another, which can reduce 

the structure's lifespan. The base layer of a pavement provides structural support, strength, and 

drainage, with spaces in the subsurface layer facilitating drainage. Fine aggregates maximize 

structural strength support by minimizing the sliding of coarse aggregates against one another 

[6, 7]. 

Open graded materials are commonly used in road construction, particularly in areas with 

high rainfall or poor soil conditions, as they effectively drain water away from the road surface 

and prevent water damage to the underlying layers of the road. Additionally, open graded 

materials are known to reduce the risk of hydroplaning, which occurs when a layer of water 

forms between the tire and road surface, causing the driver to lose control of the vehicle. 

However, it is important to note that open graded materials may not be suitable for all road 

construction applications and that factors such as traffic volume and the type of vehicles using 

the road must be taken into consideration when selecting materials for road construction [8, 9]. 

The base layer primarily consists of aggregates, lacking tensile strength, which can cause 

the base layer to segregate once loads are applied to the pavement surface. Continuous crushing 

by the vehicle's weight can cause aggregates to slide against one another, resulting in fatigue. 

Bitumen, with its tensile strength, shear strength, and cohesive strength capacity, can act as a 

binder to hold aggregates in place [10, 11]. The binder's cohesive qualities can extend the base 

layer's lifespan. The study aims to investigate the enhancement of road base materials' 

permeability by removing particles and restoring strength loss by stabilizing with bitumen. The 

project involves quantitative research and experimentation, focusing primarily on the 

permeability of road base and the evaluation of the layer's strength with general gradation and 

open graded base materials. 

2. Materials and Methods 

2.1. Materials selection. 

In regards to the base course layer of the pavement structure, it is primarily composed of 

aggregates. In an open graded base course structure, the ratio of coarse aggregates is higher in 

comparison to the fine particles [12]. In open graded aggregates, the fine aggregates in the 

mixture, which are aggregates that pass through a 4.75mm sieve during testing, are removed. 

Conversely, open graded aggregates include a smaller amount of filler, resulting in a higher 

void ratio once compacted. It is crucial to grade the aggregates according to the specifications 

provided. The maximum density standard should be close to n = 0.45 to ensure optimal 

functionality of the pavement base course structure. It is mandatory to follow the state 

authority's requirements, not just for open graded materials pavement but also for regular 

granular pavement structure [13]. However, practical considerations have resulted in the 
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exclusion of only fine aggregates with particle sizes below 2.0 mm in this Malaysian study. 

Literature evaluations have revealed that removing fines aggregates from base course materials 

could decrease their mechanical strength. To achieve the optimal design mix, only a fraction 

of the fines aggregates were removed.  

2.2. Aggregates and bitumen composition. 

Prior to preparing the sample batches, the aggregate proportions were established. Three 

separate mixtures were created, with varying proportions of fine particles removed to alter the 

mechanical strength of the samples, based on earlier research. Consequently, three distinct 

aggregate mixtures were formed for this project: fines removed up to 1.18mm and 2.0mm, and 

a control sample with no removal of fine particles. Each mixture had a unique aggregate 

composition and was stabilized with a variable percentage of bitumen relative to the aggregate 

mass. The composition of the bitumen used for each sample was as depicted in the table below. 

Each mixture was stabilized with 2%, 2.5%, and 3% bitumen, respectively, while a non-

stabilized mixture was used as the control sample [14]. 

2.3. Sieve analysis and bitumen stabilisation. 

To attain the desired particle size distribution of the aggregates, unwanted aggregate sizes were 

eliminated through sieve analysis following the standards of ASTM C136 and C136M-14. 

Verification of material selection was documented by conducting an initial sieve analysis, and 

a grading curve was generated by weighing each aggregate mass retained on the sieve. In 

preparation of the material, the fine particles described in the preceding chapter were removed 

by sieving the aggregates using a shaker and sieve that comply with ASTM C 136 [12, 15], as 

shown in the diagram below. The molds were preheated to 120°C for at least ten minutes to 

stabilize them. The binder used was Bitumen Grade 60/70 supplied by Borneo Hot Mix Sdn. 

Bhd., heated in a hot air oven to 170°C to achieve the recommended mixing temperature. To 

ensure thorough mixing, the bitumen was heated until fully liquefied and continuously heated 

with a Bunsen burner during the stabilization process to prevent a sudden drop in temperature. 

The proportion of bitumen stabilization was determined by comparing the aggregate weight to 

the binder weight. After heating and mixing the bitumen with the aggregates, the mixture was 

poured into preheated molds for compaction.  

2.4. California bearing ratio test (CBR). 

The mechanical strength of the samples prepared was evaluated using the CBR. Without 

stabilization, the CBR index of the general aggregates would decline on average by 80. The 

CBR test involved determining the force required to penetrate a sample to a depth of 2.5mm 

and 5mm. For the test, the sample was cast in a 100mm-diameter by 62.5mm-tall CBR mold. 

The CBR difference was determined by evaluating the CBR of soaked and unsoaked samples. 

The samples were kept in the CBR curing tank for four days or 96 hours, with the water level 

being maintained [16]. The CBR index due to a 2.5mm penetration was calculated using the 

equation provided in the ASTM standards mentioned above. The CBR index due to a 5.0mm 

penetration was also determined using the same equation but with a different constant for the 

unit standard load, as CBR 2.5 and CBR 5.0 have different constants.  
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Calculation of the CBR test in terms of standard pressure load is possible [12]. An Excel 

sheet was used to simplify the computation of pressure, and it is attached in the appendix. The 

standard load in kgf and kg/cm2 units is displayed in the table below. If CBR 5.0 was greater 

than CBR 2.5, the test was repeated as per ASTM guidelines. If the test yielded a similar 

outcome, CBR 5.0 was utilized. During the experiment, any CBR 5.0 sample that generated a 

higher value than CBR 2.5 was retested using a fresh sample, as shown in the following 

equation: 

𝐶𝐵𝑅 (%) =  
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐿𝑜𝑎𝑑 𝑉𝑎𝑙𝑢𝑒

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐿𝑜𝑎𝑑
 𝑥 100       (1) 

2.5. Constant head method test. 

In addition to particle size and void ratio, other factors such as the degree of compaction, the 

presence of fines, and the type of binder used can also affect the permeability of the sample. 

For example, poorly compacted samples may have higher permeability due to the presence of 

larger voids. Similarly, the presence of fines can clog up the voids and reduce permeability, 

while the use of an effective binder can help to improve the sample's overall stability and reduce 

permeability. It is important to consider all of these factors when designing and evaluating open 

graded base materials for use in construction projects [17, 18].  

The sample was examined in a permeability cell, and water was made to flow through it 

from a constant level tank or a constant flow rate water supply. A steady hydraulic pressure 

was applied to the sample to attain a saturation rate [15]. The sample was allowed to achieve 

complete saturation, and the time it took for 1000 ml of fluid to pass through the sample cell 

was recorded. This process was repeated multiple times, and the best results were used to 

improve the consistency of the findings. High permeability functionality is recommended for 

pavement foundation courses to allow water to drain quickly from the structure. The 

mechanical properties of the base course structure can be affected by the amount of water 

absorbed by the structure, as demonstrated by prior studies. It was found that the soaking CBR 

index decreases by around 10 CBR units, indicating a decrease in mechanical strength as water 

penetrates a structure, leading to eventual failure [19].  

The diagrams show the equipment used for the Constant Head Method test. The sample 

height was set between 7 and 12 mm due to the height restriction of the permeability cell. 

According to ASTM regulations, the sample height should be greater than twice its diameter; 

hence, samples were cast with a minimum height of 7mm. As there were no steel molds 

available for the bituminous sample, a 63.5mm-diameter steel cylindrical pipe was used to cast 

the sample [13]. After 24 hours, the sample was extracted from the steel mold using a piston. 

 

𝐾 =  
𝑄𝐿

𝑡𝐻𝐴
            (2)  

 

Where, K is coefficient of permeability (cm/sec), L is length of specimen (cm), t is elapsed 

Ttime (sec), Q is volume of discharge (cm3), A is cross sectional area of specimen, H is 

hydraulic head difference across length (L in cm of water) 
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3. Results and Discussion 

3.1. Sieve analysis. 

This study utilized aggregates obtained from Borneo Hot Mix Sdn Bhd, a company located in 

Kuala Baram, Miri, Sarawak, Malaysia, known for supplying good quality aggregates suitable 

for pavement construction in Malaysia. Sieve testing was conducted on all aggregates to ensure 

their optimal appropriateness as pavement base course. The n value for grading curves should 

be between 0.3 and 0.5, with any value less than 0.3 indicating less stability in wet conditions 

and any value greater than 0.5 indicating poor stability due to excessive porosity and stoniness. 

The ASTM requirements for sieve analysis were followed, with 15 kg of aggregates taken for 

testing. The trial findings showed that both the 37.5mm and 19mm sieve sizes had a passing 

rate of 100%, while the sieve with a mesh size of 4.75mm had a cumulative percentage of 

approximately 53%, indicating a positive outcome [21, 22]. The results indicate that as sieve 

sizes become smaller, the grading curve approaches the upper limit (n=0.5) of the grading 

envelope. In the final sieve pan, less than 1% of particles were present, and the grading curve 

fit nicely within the maximum density envelope. Deviation from the maximum density curve's 

upper limit was deemed inconsequential [23, 24]. However, the focus of this study was on 

batches of fines smaller than 2.0mm and 1.18mm. The CBR test was utilized to evaluate the 

impact of these fines on the material's mechanical strength, and the Constant Head Method 

Test was performed to determine the material's permeability coefficient. 

3.2. CBR test. 

Multiple CBR tests were conducted on each batch of base course samples, and the top five 

results were tabulated to obtain an average CBR value. The CBR values were then used to 

determine the suitability of the base course material for various engineering applications, 

including road construction, airfield pavements, and other heavy-duty applications. The results 

of the CBR tests provided valuable insights into the strength and stability of the base course 

material under different loading conditions and helped optimize the design and construction of 

the road network. Table 1 displays the CBR values required for different types of roads 

according to Austroads specifications for road base materials. For the first batch of samples, a 

complete mixture of fine and coarse aggregates without stabilization was cast into cylinders of 

the appropriate CBR size. After settling for 24 hours, the mechanical properties of all unsoaked 

samples were evaluated (Figure 1).  

 
Figure 1. Load Vs penetration graph for control sample (soaked CBR). 
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Table 1. CBR value – control sample. 

Penetration (mm) Load (kN) CBR (%) 

2.5mm 52.2 96.38 

5.0mm 64.5 81.65 

 

The results presented in Table 1 illustrate the outcomes based on the control sample, 

which was characterized as an unstabilized mixture. In this section, samples with equivalent 

quantities of bitumen stabilization but differing aggregate mixtures were compared to the 

control sample, and the comparison graphs were tabulated to enhance readability. It was 

observed that as the proportion of aggregate mix changed, the load required to penetrate the 

samples at different depths decreased. Furthermore, a greater reduction in load was observed 

in soaked samples than in unsoaked samples. The force required to penetrate the sample at 

various depths increased with a larger quantity of bitumen stabilization added to the sample. 

CBR values were computed using the CBR equation and are presented in Table 2. Upon further 

examination of the CBR values, it is evident that the values exhibit an upward trend as the 

proportion of bitumen stabilization increases. Meanwhile, the percentage of aggregates in each 

sample did influence the CBR values. A decrease was observed in the CBR value proportionate 

to the percentage of fine aggregates removed, as compared to control samples [25, 26]. 

Table 2. Summary of average CBR values. 
Treatment Soaked CBR (%) Unsoaked CBR (%) 

Full Mix without Stabilisation ( Control Sample ) 94.62 N/A 

Fines with < 1.18mm Removed without Bitumen 

Stabilisation 

66.24 N/A 

Fines with < 2mm Removed without Bitumen 

Stabilisation 

61.73 N/A 

Fines with < 1.18mm Removed – 2.0% Bitumen 

Stabilisation 

69.97 75.92 

Fines with < 1.18mm Removed – 2.5% Bitumen 

Stabilisation 

76.11 82.13 

Fines with < 1.18mm Removed – 3.0% Bitumen 

Stabilisation 

82.17 90.52 

Fines with < 2mm Removed – 2.0% Bitumen 

Stabilisation 

66.05 70.93 

Fines with < 2mm Removed – 2.5% Bitumen 

Stabilisation 

71.22 76.44 

Fines with < 2mm Removed – 3.0% Bitumen 

Stabilisation 

76.44 83.28 

3.3. Permeability test – constant head method test. 

The permeability tests were conducted using the constant head method, and the permeability 

coefficient (K) was measured and tabulated for each sample. Multiple tests were performed, 

and the five closest results were used for calculating purposes with Equation 2. The data 

showed that the coefficient of permeability of the samples increased as the finer particles were 

removed. Without bitumen stabilization, the increase was as high as 17%. However, samples 

with varying amounts of bitumen stabilization showed a modest decrease. Figure 2 presents a 

graph comparing the proportion of aggregate mixing and the percentage of bitumen 

stabilization in terms of weight. The gradient of coarse aggregates was steeper, and the ratio of 

coarse aggregates to fine aggregates was substantially larger. As seen, the curve fit nicely 

within the maximum density envelope, and the value of the exponent, n, based on the curve 

was found to fall within the range specified in earlier literature. According to Hamid, a well-

designed particle size distribution for a road base course material should have a curve within 

the range of 0.3 to 0.5 since any curve with an n value less than 0.3 is considered to contain too 
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many fines, while any curve with an n value greater than 0.5 contains too many coarse 

aggregates. Based on the findings, the aggregates used in this study can be considered well-

designed. The optimal grading curve obtained in the preceding chapter indicated a well-

designed particle size distribution for a road base course material. This allows the particles to 

fill the voids created by the interparticle interaction of aggregates of larger sizes, resulting in a 

close packing ratio [25, 26]. 

 
Figure 2. Permeability coefficient comparison graph with varying aggregates mixture proportion & 

stabilisation. 

In contrast, the open-graded base course material used in this research study had to be 

free of aggregates with particle sizes between 1.18 and 2.0 millimeters to achieve a higher void 

ratio. As more fine aggregates were extracted, the void ratio increased, thereby enhancing the 

material's permeability. Throughout the research project, the fraction of fines removed from 

the base course material significantly affected the CBR values, which represent the mechanical 

strength of the road base material. The CBR values decreased as a higher proportion of road 

base material was removed as fines. The comparison graph shows that the CBR test load 

required to pierce the sample decreased as the amount of fines removed increased, indicating a 

decrease in the packing ratio and maximum density friction, as mentioned in the previous 

section of the research review. Reducing the packing ratio enhances permeability [25‒27]. 

The experiment demonstrated that stabilization using bitumen as a binder could 

increase the mechanical strength of the road base material. Bitumen grade 60/70 was chosen 

for stabilization due to government regulations for the asphaltic surface friction course layer. 

For future construction convenience, bitumen with the same grading could be used to stabilize 

the road base course. Bitumen stabilization was able to mitigate the decline in CBR values as 

more particles were eliminated. A smaller decline in the CBR values was observed when a 

greater proportion of bitumen was used to stabilize the material. In terms of soaking CBR 

values, bitumen stabilization at 2%, 2.5%, and 3% resulted in 71.82%, 78.09%, and 83.26%, 

respectively, for the batch of samples where particles smaller than 1.18mm had been removed. 

For the batch of samples where particles smaller than 2mm had been eliminated, wet CBR 

values of 67.39%, 73.66%, and 78.09% were obtained for 2%, 2.5%, and 3% bitumen 

stabilization, respectively. The control sample, which was a complete mixture of aggregates 

supplied by the supplier, had a wet CBR value of 96.37% compared to the samples subjected 

to various amounts of bitumen stabilization [21, 24, 25]. 
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Based on the experimental findings of this research project, it was concluded that the 

removal of fines smaller than 1.18mm in particle size led to a 25% decrease in soaked CBR 

values. However, increasing the bitumen stabilization by 0.5% resulted in an 8.7% increase in 

CBR values, indicating that bitumen was effective in countering the negative impact of fines 

removal. In the stabilization process, bitumen acted as a binder and coated the surface of 

aggregates, enhancing the cohesive strength between particles, preventing them from sliding 

against each other, and increasing the road base material's mechanical strength and durability. 

This experiment highlighted the effectiveness of bitumen stabilization in road construction [18, 

20]. 

Wet CBR samples were used as standards for road base materials and for comparison 

purposes, owing to the characteristics of road base materials. When water permeates the 

pavement due to surface runoff, it causes a decrease in the mechanical strength of the road 

base, resulting in lower wet CBR values. Although the soaking CBR value of the materials was 

found to be less than the minimum value of 80 prescribed by the Austroads Standards, this 

design can still be used as a road base design combination in Malaysia. According to the 

structural design approach for Malaysian pavements, increasing the thickness of the road base 

layer can enhance the mechanical strength and load-bearing capacity of the road base. 

Permeability is considered one of the advantages of using open-graded road base 

materials [26, 27]. Finer aggregates can pass through the voids between larger aggregates, 

reducing the sample's void ratio and resulting in a higher packing ratio. The study found that 

materials with a higher packing and lower void ratio had lower permeability compared to those 

with a higher void ratio. Samples with no particles had the lowest permeability coefficients, 

while the coefficient of permeability increased as the proportion of removed particles 

increased. The coefficient of permeability was the highest for samples that had not undergone 

any stabilization process and had particles smaller than 2mm removed. Samples with particles 

smaller than 1.18mm removed had a slightly lower coefficient of permeability but were still 

higher than the control mix containing all fines. Permeability improved by 8.7% for samples 

with 1.18mm particles removed and 17.2% for samples with 2.0mm fines removed compared 

to the control mix with a coefficient of permeability of 0.00814 cm/sec. Figure 2 shows an 

upward trend in the blue comparison graph. As mentioned earlier, the removal of particles 

affected the CBR values, which represents the mechanical strength of the materials. To restore 

the material's reduced mechanical strength, bitumen was used as a binder during the 

stabilization process. According to the experimental results, the stabilization had a minimal 

impact on the coefficient of permeability of the samples. With an increase in bitumen content, 

the permeability coefficient of the treated bitumen stabilization sample decreased slightly [26, 

28]. The least reduction in the coefficient of permeability was 8.6%. The experimental results 

showed that the permeability decreased with an increasing bitumen stabilizing fraction. The 

primary goal of bitumen stabilization in this research project was to increase mechanical 

strength. This binder filled the voids between the particles, resulting in a low permeability 

coefficient [29‒31]. However, this slight loss in permeability due to binder filling the voids 

had little effect, resulting in a coefficient of permeability within the acceptable range. 

4. Conclusions 

The removal of fines smaller than 1.18 mm particle size was observed to lead to a decrease in 

the California Bearing Ratio of open-graded road base materials. However, this decline was 
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mitigated by incorporating a binder into the materials, and for this study, the bitumen 

stabilization technique was chosen to facilitate future construction projects. The optimal 

proportion of bitumen stabilization was found to be 3%, resulting in a 13.74% increase in 

mechanical strength for materials with fines smaller than 1.18 mm eliminated. However, 

samples stabilized with 3% bitumen did not exhibit the same level of improvement after 

removing fines with particle sizes smaller than 2mm. Consequently, the removal of fines 

smaller than 1.18 mm particle size, when combined with the appropriate amount of bitumen 

stabilization, led to the least decline in mechanical strength, yielding positive results. The 

permeability test revealed that the maximum permeability coefficient was observed for 

materials with fines smaller than 2 mm eliminated. The trend showed that as a greater 

proportion of fines were removed, the coefficient of permeability increased. The most 

significant improvement in permeability for the road base materials was a 17.2% increase for 

those with fines smaller than 2 mm eliminated. The use of bitumen as a binder in the 

stabilization process did not significantly contribute to the reduction in the material's 

coefficient of permeability, indicating that bitumen has the potential to serve as an effective 

binder in stabilizing open-graded road base materials. 

Acknowledgements 

The authors thank Curtin University Malaysia, Sudan University College of Engineering 

Sciences Sudan, and Warsaw University of Life Sciences Poland for facilitating this work.  

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

[1] Rainfall in Malaysia 2008-2015. (accessed on  10 January 2018) Available online:  

https://public.tableau.com/app/profile/ortechnologies/viz/malaysia-rainfall-stats-2008-

2015_0/RainfallinMalaysia2008-2015.  

[2] Llopis-Castelló, D.; García-Segura, T.; Montalbán-Domingo, L.; Sanz-Benlloch, A.; Pellicer, E. 

(2020). Influence of Pavement Structure, Traffic, and Weather on Urban Flexible Pavement 

Deterioration. Sustainability, 12, 9717. https://doi.org/10.3390/su12229717. 

[3] Sedivy, S.; Mikulova, L.; Danisovic, P.; Sramek, J.; Remek, L.; Kozel, M. (2021). Long-Term 

Monitored Road Degradation Functions as a Tool to Increase Quality of Pavement Design. Applied 

Science, 11, 9839. https://doi.org/10.3390/app11219839. 

[4] Farooq, K.; Mujtaba, H.; Munir, S.; Ashiq, S.Z.; Kazmi, S.M.S.; Munir, M.J. (2022). Evaluation 

of the Impact of Fines on the Performance of Sub-Base Materials. Applied Science, 12, 4513. 

https://doi.org/10.3390/app12094513. 

[5] Nili, M.; Sasanipour, H.; Aslani, F. (2019). The Effect of Fine and Coarse Recycled Aggregates 

on Fresh and Mechanical Properties of Self-Compacting Concrete. Materials, 12, 1120. 

https://doi.org/10.3390/ma12071120. 

[6] Souliman, M.I.; GC, H.; Mohammed, Z. (2021). Enhanced Flexible Pavement Performance Using 

Treated Compared to Untreated Aggregate Bases: A Comparative Case Study in the Southern 

United States. Infrastructures, 6, 110. https://doi.org/10.3390/infrastructures6080110. 

[7] Zheng, J.-l.; You, Z.; Liu, X. (2020). Achievements and Prospects of Functional Pavement: 

Materials and Structures. Applied Science, 10, 7720. https://doi.org/10.3390/app10217720. 

https://public.tableau.com/app/profile/ortechnologies/viz/malaysia-rainfall-stats-2008-2015_0/RainfallinMalaysia2008-2015
https://public.tableau.com/app/profile/ortechnologies/viz/malaysia-rainfall-stats-2008-2015_0/RainfallinMalaysia2008-2015
https://doi.org/10.3390/su12229717
https://doi.org/10.3390/app11219839
https://doi.org/10.3390/app12094513
https://doi.org/10.3390/ma12071120
https://doi.org/10.3390/infrastructures6080110
https://doi.org/10.3390/app10217720


Civil and Sustainable Urban Engineering 3(1), 2023, 40-50 

49 
 

[8] Choi, Y.; Ahn, D.; Lee, Y.; Ahn, J. (2020). Compaction Quality Monitoring of Open-Graded 

Aggregates by Light Weight Deflectometer and Soil Stiffness Gauge. Sustainability, 12, 2521. 

https://doi.org/10.3390/su12062521. 

[9] Rieksts, K.; Hoff, I.; Scibilia, E.; Côté, J. (2020). Establishment of Intrinsic Permeability of Coarse 

Open-Graded Materials: Review and Analysis of Existing Data from Natural Air Convection 

Tests. Minerals, 10, 767. https://doi.org/10.3390/min10090767. 

[10] Tariq, M.; Khan, A.; Ullah, A.; Shayanfar, J.; Niaz, M. (2022). Improved Shear Strength Prediction 

Model of Steel Fiber Reinforced Concrete Beams by Adopting Gene Expression 

Programming. Materials, 15, 3758. https://doi.org/10.3390/ma15113758. 

[11] Elsawy, M.B.D.; Alsharekh, M.F.; Shaban, M. (2022). Modeling Undrained Shear Strength of 

Sensitive Alluvial Soft Clay Using Machine Learning Approach. Applied Science, 12, 10177. 

https://doi.org/10.3390/app121910177. 

[12] ASTM (2016). Standard Test Method for California Bearing Ratio Test of Lab Compacted Soil  

D1883 (16). https://doi.org/10.1520/D1883-16.  

[13] Mannual on Pavement Design. (accessed on  10 January 2018) Available online:  

https://dokumen.tips/documents/arahan-teknik-jalan-5-85-manual-on-pavement-design.html.  

[14] De Souza, D.J.; de Grazia, M.T.; Macedo, H.F.; Sanchez, L.F.M.; de Andrade, G.P., Naboka, O.; 

Fathifazl, G.; Nkinamubanzi, P.C. (2022). Influence of the Mix Proportion and Aggregate Features 

on the Performance of Eco-Efficient Fine Recycled Concrete Aggregate Mixtures. Materials, 15, 

1355. https://doi.org/10.3390/ma15041355.   

[15] Laboratory Testing Manual 2000. (accessed on  10 January 2018) Available online:  

https://www.vegvesen.no/globalassets/om-oss/om-organisasjonen/internasjonal-

virksomhet/tanzania-laboratory-testing-manual-2000.pdf.   

[16] Magnan, J.P.; Ndiaye, M. (2015). Determination and Assessment of Deformation Moduli of 

Compacted Lateritic Gravels, Using Soaked CBR Tests. Transportation Geotechnics, 5, 50‒58. 

https://doi.org/10.1016/j.trgeo.2015.09.006. 

[17] Luo, S.; Lu, Q.; Qian, Z. (2015). Performance Evaluation of Epoxy Modified Open-Graded Porous 

Asphalt Concrete. Construction and Building Materials, 76, 97‒102. 

https://doi.org/10.1016/j.conbuildmat.2014.11.057.  

[18] Xiao, F.; Herndon, D.A.; Amirkhanian, S.; He, L. (2015). Aggregate Gradations on Moisture and 

Rutting Resistances of Open Graded Friction Course Mixtures. Construction and Building 

Materials, 85, 127‒135. https://doi.org/10.1016/j.conbuildmat.2015.03.095.  

[19] Dungca, J.R.; Ann, J.; Jao, L. (2017). Strength and Permeability Characteristics of Road Base 

Materials Blended with Fly Ash and Bottom Ash. International Journal of GEOMATE, 12, 9‒15. 

https://doi.org/10.21660/2017.31.6508.  

[20] Arias, N.; Virto, I.; Enrique, A.; Bescansa, P.; Walton, R.; Wendroth, O. (2019). Effect of Stoniness 

on the Hydraulic Properties of a Soil from an Evaporation Experiment Using the Wind and Inverse 

Estimation Methods. Water, 11, 440. https://doi.org/10.3390/w11030440.   

[21] Hamid, N.A. (2010). Mechanical Properties of Asphalt Concrete Containing Crumb Rubber 

Modifier. Doctoral dissertation, Universiti Sains Malaysia, Penang, Malaysia. 

[22] American Society for Testing and Materials (ASTM) C136-01: Standard Test Method for Sieve 

Analysis of Fine and Coarse Aggregates. (accessed on 1 September 2022) Available online: 

https://ensayosdelaboratoriosuelos.files.wordpress.com/2015/12/astm-c-136.pdf.    

[23] Leak, J.; Barreto, D.; Dimitriadi, V.; Imre, E. (2022). Quantifying Particle Breakage and Its 

Evolution Using Breakage Indices and Grading Entropy Coordinates. Geotechnics, 2, 1109‒1126. 

https://doi.org/10.3390/geotechnics2040052. 

[24] Lusis, V.; Annamaneni, K.K.; Kononova, O.; Korjakins, A.; Lasenko, I.; Karunamoorthy, R.K.; 

Krasnikovs, A. (2022). Experimental Study and Modelling on the Structural Response of Fiber 

Reinforced Concrete Beams. Applied Science, 12, 9492. https://doi.org/10.3390/app12199492. 

https://doi.org/10.3390/su12062521
https://doi.org/10.3390/min10090767
https://doi.org/10.3390/ma15113758
https://doi.org/10.3390/app121910177
https://doi.org/10.1520/D1883-16
https://dokumen.tips/documents/arahan-teknik-jalan-5-85-manual-on-pavement-design.html
https://doi.org/10.3390/ma15041355
https://www.vegvesen.no/globalassets/om-oss/om-organisasjonen/internasjonal-virksomhet/tanzania-laboratory-testing-manual-2000.pdf
https://www.vegvesen.no/globalassets/om-oss/om-organisasjonen/internasjonal-virksomhet/tanzania-laboratory-testing-manual-2000.pdf
https://doi.org/10.1016/j.trgeo.2015.09.006
https://doi.org/10.1016/j.conbuildmat.2014.11.057
https://doi.org/10.1016/j.conbuildmat.2015.03.095
https://doi.org/10.21660/2017.31.6508
https://doi.org/10.3390/w11030440
https://ensayosdelaboratoriosuelos.files.wordpress.com/2015/12/astm-c-136.pdf
https://doi.org/10.3390/geotechnics2040052
https://doi.org/10.3390/app12199492


Civil and Sustainable Urban Engineering 3(1), 2023, 40-50 

50 
 

[25] Iyaruk, A.; Promputthangkoon, P.; Lukjan, A. (2022). Evaluating the Performance of Lateritic Soil 

Stabilized with Cement and Biomass Bottom Ash for Use as Pavement 

Materials. Infrastructures, 7, 66. https://doi.org/10.3390/infrastructures7050066. 

[26] Aamir, M.; Mahmood, Z.; Nisar, A.; Farid, A.; Ahmed Khan, T.; Abbas, M.; Ismaeel, M.; Shah, 

S.A.R.; Waseem, M. (2019). Performance Evaluation of Sustainable Soil Stabilization Process 

Using Waste Materials. Processes, 7, 378. https://doi.org/10.3390/pr7060378. 

[27] Gawenda, T. (2021). Production Methods for Regular Aggregates and Innovative Developments 

in Poland. Minerals, 11, 1429. https://doi.org/10.3390/min11121429. 

[28] Xin, J.; Pei, J.; Akiyama, M.; Li, R.; Zhang, J.; Shao, L. (2019). A Study on the Design Method 

for the Material Composition of Small Particle-Size Asphalt Mixture for Controlling Cracks in 

Asphalt Pavement. Applied Science, 9, 1988. https://doi.org/10.3390/app9101988. 

[29] Zhao, Y.; Dong, X.; Zhou, Z.; Long, J.; Lu, G.; Lei, H. (2022). Investigation on Roles of Packing 

Density and Water Film Thickness in Synergistic Effects of Slag and Silica Fume. Materials, 15, 

8978. https://doi.org/10.3390/ma15248978. 

[30] Muttuvelu, D.V.; Kjems, E. (2021). A Systematic Review of Permeable Pavements and Their 

Unbound Material Properties in Comparison to Traditional Subbase Materials. Infrastructures, 6, 

179. https://doi.org/10.3390/infrastructures6120179. 

[31] Chen, S.; Lin, X.; Zheng, C.; Guo, X.; Chen, W. (2021). Evaluation of Siltation Degree of 

Permeable Asphalt Pavement and Detection of Noise Reduction Degree. Applied Science, 11, 349. 

https://doi.org/10.3390/app11010349.  

 

 

© 2023 by the authors. This article is an open access article distributed under the 

terms and conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/).  

 

https://doi.org/10.3390/infrastructures7050066
https://doi.org/10.3390/pr7060378
https://doi.org/10.3390/min11121429
https://doi.org/10.3390/app9101988
https://doi.org/10.3390/ma15248978
https://doi.org/10.3390/infrastructures6120179
https://doi.org/10.3390/app11010349

