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Abstract 

This study evaluates the mechanical and permeability performance of a Modified Pervious Concrete Pavement (MPCP) 

developed for urban infrastructure in Bangladesh. The MPCP incorporates lime mortar, selected for its binding properties, and 

recycled plastic bottle fibers, introduced to enhance tensile strength, crack resistance, and durability. A series of mix designs were 

developed and tested to assess the effects of varying proportions of lime mortar and plastic fibers on the structural and hydraulic 

characteristics of the pavement. Among the tested configurations, the A5 mix (cement: lime mortar: aggregate = 1:0.25:3) 

demonstrated an effective balance between strength and porosity. It achieved a 28-day compressive strength of 18.445 MPa and 

a porosity of 17.01%, meeting functional criteria for pervious pavement applications. Additionally, the A5 mix exhibited a high 

infiltration rate of 483.362 mm/hour, supporting its suitability for stormwater management in flood-prone areas. The 

experimental findings indicate that the integration of lime mortar and recycled plastic fibers can improve both mechanical and 

permeability characteristics of pervious concrete without compromising its fundamental design properties. The use of locally 

sourced and waste-derived materials further supports resource-efficient construction practices. This study provides a framework 

for the development of structurally sound and hydraulically functional pervious pavement systems tailored to the environmental 

and infrastructural context of Bangladesh. 
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1. Introduction 

The increasing demand for sustainable and resilient infra-

structure in developing countries has prompted engineers and 

researchers to seek innovative materials and construction 

techniques. In Bangladesh, where rapid urbanization is ac-

companied by issues such as waterlogging [1], plastic pollu-

tion [2], and inadequate stormwater management [3], the 

limitations of conventional concrete pavements have become 

more apparent. Traditional rigid pavements, while durable 

and cost-effective, are impervious by nature, thereby ob-

structing natural water infiltration, contributing to surface 

runoff, and placing added stress on urban drainage systems 

[4]. 

To overcome these challenges, pervious concrete pavement 

(PCP) has emerged as a viable alternative [5]. Characterized 
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by its interconnected void structure, pervious concrete allows 

rainwater to pass through its body and reach the subgrade, 

facilitating groundwater recharge and reducing stormwater 

runoff [6]. Additionally, its application supports sustainable 

urban development goals by promoting eco-friendly con-

struction and enhancing the hydrological balance within urban 

environments [7]. 

However, the broader application of PCP is often limited by 

its relatively low compressive and tensile strength, which 

restricts its use in areas with high vehicular loads or where 

long-term durability is essential. Achieving an optimal bal-

ance between mechanical strength and permeability remains a 

major challenge in the advancement of pervious concrete 

technology. This necessitates the use of innovative additives 

and mix designs that can reinforce the concrete matrix without 

significantly compromising its porosity [8, 9]. 

In this context, lime mortar and recycled plastic fibers have 

gained attention as promising modifiers to improve the per-

formance of pervious concrete. Lime mortar, known for its 

historical significance in masonry work, offers excellent 

binding properties, workability, and thermal compatibility 

with cementitious systems. Its inclusion in the mix can lead to 

improved matrix integrity, resistance to cracking, and better 

bonding between paste and aggregates [10-13]. Furthermore, 

it promotes environmental benefits by reducing the depend-

ence on Portland cement, whose production is ener-

gy-intensive and carbon-emissive [14]. 

The integration of recycled plastic fibers, particularly those 

obtained from post-consumer PET bottles, offers a sustainable 

and practical solution to enhance the mechanical performance 

of pervious concrete pavements (PCP) while addressing the 

growing issue of plastic waste in urban environments. These 

fibers act as micro-reinforcements, mitigating crack propaga-

tion, enhancing toughness, and increasing long-term durabil-

ity [15]. Additionally, their inclusion improves tensile 

strength, crack resistance, freeze-thaw durability, and water 

management properties of PCP. From an environmental per-

spective, this approach supports waste valorization and cir-

cular economy principles by transforming harmful plastic 

waste into functional construction materials. However, 

achieving an optimal balance between durability and perme-

ability in PCP remains a significant challenge. Increasing 

porosity, typically targeted within the range of 15–25% [16], 

is essential for adequate water infiltration, but it inevitably 

reduces compressive strength, which is ideally maintained 

within 2.8 to 28 MPa as per ACI PRC-522 guidelines. This 

inherent trade-off complicates the development of pervious 

pavements that are both highly porous and sufficiently strong 

for commercial applications, where enhanced load-bearing 

capacity and long-term performance are critical. 

Given these multifaceted advantages, the development of a 

Modified Pervious Concrete Pavement (MPCP) using lime 

mortar and recycled plastic fibers holds substantial promise 

for urban infrastructure in Bangladesh. It provides an oppor-

tunity to address local challenges—such as plastic pollution 

and inadequate drainage systems—while delivering structur-

ally sound, environmentally conscious pavement alternatives. 

Therefore, this study aims to evaluate the combined effect 

of lime mortar and recycled plastic fibers on the mechanical, 

permeability, and sustainability performance of pervious 

concrete pavement. By investigating multiple mix designs and 

analyzing their performance, the research seeks to develop an 

optimized solution tailored to the infrastructural and envi-

ronmental conditions prevalent in Bangladesh’s urban land-

scape. 

While previous research [17] has investigated various as-

pects of pervious concrete and its applications in Bangladesh, 

the specific combination of lime mortar and recycled plastic 

fibers remains underexplored. For instance, studies have 

examined the use of porous pavements to mitigate waterlog-

ging in Dhaka's newly developed areas, emphasizing the 

benefits of increased infiltration and groundwater recharge. 

Additionally, research has focused on incorporating recycled 

plastic fibers into concrete to enhance mechanical properties. 

However, these studies do not address the synergistic effects 

of combining lime mortar with recycled plastic fibers in PCP, 

particularly concerning the dual challenges of waterlogging 

and plastic waste management in Bangladesh. 

Research Objective and Novelty 

The primary objective of this research is to develop and 

evaluate a Modified Pervious Concrete Pavement (MPCP) 

using a combination of lime mortar and recycled plastic fibers, 

with the goal of enhancing mechanical strength and permea-

bility while promoting sustainability in urban pavement sys-

tems. The novelty of this study lies in the combined use of 

lime mortar—a traditional, low-carbon binder known for its 

binding and thermal properties—and recycled plastic fibers 

derived from post-consumer PET bottles within a pervious 

concrete mix. While previous studies have examined the use 

of porous pavement or recycled fibers individually, limited 

research exists on the synergistic effects of integrating both 

materials in the context of Bangladesh’s urban waterlogging 

and plastic pollution challenges. This study also provides an 

experimental validation of an optimized mix (A5), achieving 

a balance between strength (18.445 MPa) and porosity 

(17.01%), along with a high infiltration rate, which supports 

its suitability for urban drainage applications. This approach 

contributes to both structural performance and sustainable 

waste management, aligning with circular economy principles 

and responding to localized infrastructural demands in a de-

veloping country context. 

2. Methodology 

2.1. Experimental Materials 

In this study, various pervious concrete mixtures were ini-

tially evaluated with differing aggregate compositions to 

identify the most suitable mix for performance assessment. 

The primary mix designs (Table 1) considered were A1 (1:3), 
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A2 (1:3), A3 (1:3), and A4 (1:4), each containing 25% cement 

(Type B: clinker 95%, gypsum 5%) and incorporating varying 

aggregate size distributions. For the final mix designs (Table 

2), A5 (1:0.25:3), A6 (1:0.5:3), A7 (1:0.75:3), and A8 (1:1:3) 

were examined, each containing 25% cement (clinker 95%, 

gypsum 5%) along with different proportions of lime mortar 

and plastic fiber, as well as varied aggregate size distributions. 

These modifications included the addition of lime mortar at 

varying percentages and fibers sourced from recycled plastic 

bottles. The selection of these mix designs was based on a 

comprehensive evaluation of their permeability and mechan-

ical strength, ensuring an optimal balance suitable for pervi-

ous concrete pavement applications. These specific mix de-

signs were selected to explore the effect of increasing lime 

mortar content and constant recycled fiber on mechanical 

strength and permeability, allowing for optimization based on 

balanced performance. 

Table 1. Initial % material used in different grade Pervious Concrete. 

Ratio % Materials Used 

Pervious Concrete Mix 

(Cement: Aggregate) 
Cement 

Aggregate 

19mm-9.5mm 

Aggregate 

19mm-12.75mm 

Aggregate 

12.75mm-9.5mm 

Aggregate 

9.5mm-4.75mm 

A1 (1:3) 25 75 0 0 0 

A2 (1:3) 25 0 0 0 75 

A3 (1:3) 25 0 37.5 37.5 0 

A4 (1:4) 25 0 0 37.5 37.5 

Table 2. Final % material used in different grade Pervious Concrete. 

Ratio % Materials Used 

Pervious Concrete Mix (Ce-

ment: Lime Mortar: Aggregate) 

Ce-

ment 
Lime Mortar 

Aggregate 

19mm-9.5mm 

Aggregate 

19mm-12.75mm 

Aggregate 

12.75mm-9.5mm 

Aggregate 

9.5mm-4.75mm 

A5 (1:0.25:3) 23.52 5.88 0 35.3 35.3 0 

A6 (1:0.5:3) 22.22 11.12 0 33.33 33.33 0 

A7 (1:0.75:3) 21.05 15.79 0 31.58 31.58 0 

A8 (1:1:3) 20 20 0 30 30 0 

 

The mix designs were selected to assess how variations in 

lime mortar content affect the mechanical and permeability 

properties of pervious concrete. The A1–A4 models focused 

on evaluating the effect of aggregate size and distribution on 

porosity and compressive strength. In the A5–A8 models, 

increasing the lime mortar proportion aimed to improve 

bonding and strength while maintaining acceptable porosity. 

By comparing these mixes, the study aims to identify an op-

timal design that balances structural strength with infiltration 

capability. 

2.2. Initial Specimen Preparation 

The initial specimen preparation involved the systematic 

separation of aggregates through sieve analysis to develop 

various pervious concrete mix designs (A1, A2, A3, and A4). 

This process ensured proper categorization of aggregates 

based on size, with four distinct fractions: those passing 

through a 19 mm sieve but retained on a 9.5 mm sieve, those 

passing through a 19 mm sieve but retained on a 12.75 mm 

sieve, those passing through a 12.75 mm sieve but retained on 

a 9.5 mm sieve, and finally, those passing through a 9.5 mm 

sieve but retained on a 4.75 mm sieve. These graded aggre-

gates were incorporated into the concrete mix in varying 

proportions to assess their impact on both permeability and 

mechanical strength. A water-to-cement (W/C) ratio ranging 

from 0.30 to 0.36 was maintained to ensure workability while 

preserving the essential porosity of pervious concrete. Each 

mix was used to prepare four cylindrical specimens, leading to 

a total of 16 specimens with a diameter of 4 inches (101.6 mm) 
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and a height of 8 inches (203.2 mm). All specimens were 

cured in water for 28 days at ambient laboratory conditions 

(approximately 27 ± 2 °C), following standard curing practice 

for pervious concrete to ensure sufficient hydration and 

strength development. The primary goal of this study was to 

identify the most effective mix design for further enhance-

ment by integrating additional additives, such as lime mortar 

and recycled plastic fibers, to improve the material’s struc-

tural integrity and environmental sustainability. The final 

objective was to develop a pervious concrete pavement sys-

tem capable of withstanding loading conditions while main-

taining the necessary porosity and density levels, in accord-

ance with the ACI 522R guidelines. By achieving a balance 

between permeability and mechanical performance, the 

modified pervious concrete aims to provide an eco-friendly 

and durable solution for sustainable pavement applications. 

 
Figure 1. Matest Servo-Plus Evolution compression testing machine. 

 
Figure 2. Compression testing of different specimen. 

2.3. Final Modified Specimen Preparation 

In this stage, Calcium Carbonate (CaCO3) boulders were 

collected and wetted in water for 14 days to enhance their re-

activity. Coarse sand, passing through a 4.75 mm sieve and 

retained in a 1.18 mm sieve, was then selected to maintain 

uniform particle size distribution. A lime mortar (LM) mix was 

prepared (Figure 3) in a 1:1 ratio (lime: sand) following estab-

lished construction guidelines [18]. To further enhance the mix, 

4 grams of plastic fiber, extracted from recycled plastic bottles, 

were incorporated to improve structural integrity. A total of 16 

specimens were prepared with varying percentages of lime 

mortar, using the previously optimized A3 model as the base 

mix. In this phase, the mix designs for A5, A6, A7, and A8 

were developed to identify the most suitable configuration for a 

modified pervious concrete pavement prototype. The curing 

process was structured, with eight specimens tested after 7 days 
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and the remaining eight specimens tested after 28 days. To 

ensure compliance with the fundamental characteristics of 

pervious concrete, the density and porosity were carefully 

balanced to meet standard requirements [19, 20]. The con-

trolled variation in lime mortar content played a significant role 

in achieving the desired properties, ultimately refining the 

material's performance for enhanced durability and permeabil-

ity. These specific mix designs were selected to explore the 

effect of increasing lime mortar content and constant recycled 

fiber on mechanical strength and permeability, allowing for 

optimization based on balanced performance. 

 
Figure 3. Lime mortar preparation. 

 
Figure 4. Concrete mix design with using of lime mortar and plastic bottle recycled fiber. 

 
Figure 5. Cylindrical Specimen for compression testing. 

The lime mortar was prepared by mixing hydrated lime and 

fine sand in a 1:1 ratio by weight, using a mechanical mixer 

for 5 minutes to ensure homogeneity. Water was added gradu-

ally to achieve workable consistency. After preparing the 

mortar, it was blended with cement and aggregates according 

to the proportions listed in Table 2. Recycled plastic fibers (4 

grams per mix) were cut from PET bottles into lengths of 10–

15 mm and manually pre-mixed with the dry aggregates be-

fore the addition of cement and mortar. All dry components 

were first mixed for 2 minutes, followed by gradual addition 

of water, and mixed for an additional 3 minutes to ensure uni-

form fiber distribution and workable consistency. 

Calcium carbonate (CaCO3) was incorporated in the mix as 

a filler with minor binding potential. Its use is rooted in tradi-

tional lime mortar applications in Bangladesh and contributes 

slightly to strength development. No carbonation testing was 

performed in this study, and no chemical carbonation reaction 

is claimed. 
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Figure 6. Compression testing of different specimen. 

2.4. Modified Pervious Concrete Pavement 

(MPCP) Prototype Preparation 

The prototype (Figure 7) preparation began with the ex-

cavation of a trench measuring 2.2 feet by 2.2 feet with a 

depth of 7 inches. The subgrade, subbase, and base layers 

were systematically placed and compacted using a 33-pound 

hammer to ensure proper density and stability. Once the base 

preparation was completed, a well-mixed A5 model (Figure 

12) concrete was prepared. The concrete mix was then poured 

into the designated area within a structured framework to 

maintain the desired shape and dimensions of the surface 

course, measuring 2 feet in length, 2 feet in width, and 4 

inches in depth. This process ensures uniformity and accuracy 

in the prototype construction, adhering to standard pavement 

testing procedures like other research [21]. 

 
Figure 7. Modified Pervious Concrete Pavement (MPCP) Prototype layer preparation and Casting. 

 

2.5. Infiltration Test of Modified Pervious 

Concrete Pavement 

The infiltration rate of the modified pervious concrete 

pavement (Figure 8) was assessed in accordance with the 

ASTM C1701 standard test method. This guideline provides a 

systematic approach for measuring the field infiltration rate of 

in-place pervious concrete. The procedure involves placing a 

securely fitted infiltration ring on the pavement surface and 

introducing a known volume of water, ensuring minimal 

disturbance to the pavement structure. The time taken for the 

water to completely infiltrate through the pavement is care-

fully recorded, providing a direct measure of the pavement's 

permeability [22]. The infiltration rate is a crucial indicator of 

the pavement's ability to manage stormwater, reduce surface 
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runoff, and minimize the risk of waterlogging. Higher infil-

tration rates suggest an efficient drainage system [23], which 

is a fundamental characteristic of well-designed pervious 

pavements. 

 
Figure 8. Infiltration test of Modified Pervious Concrete Pavement prototype. 

3. Result & Discussion 

This study aimed to evaluate the mechanical performance 

and permeability characteristics of Modified Pervious Concrete 

Pavement (MPCP) incorporating lime mortar and recycled 

plastic fibers. Comprehensive laboratory tests were conducted 

to assess both the mechanical behavior and the hydraulic per-

formance of the modified concrete mixes. Based on a detailed 

analysis of the experimental results, the following discussions 

are presented to elucidate the performance trends and the prac-

tical implications of the proposed material system. 

3.1. Initial Specimen Preparation 

 
Figure 9. Compression test result of initial specimens. 

Based on the comparative analysis of compressive strength 

[27] for different concrete mix designs (Figure 9), it was 

observed that Model A3 (1:3) exhibited the highest compres-

sive strength among the tested mixes at both the 7-day and 

28-day curing periods. At 7 days, A3 achieved a compressive 

strength of 8.001 MPa, demonstrating a significant early 

strength gain compared to the other mixes. This trend con-

tinued through the 28-day curing period, where A3 attained its 

highest recorded strength of 11.43 MPa, outperforming the 

other mix designs. In contrast, the other concrete mix models, 

such as A1 (1:3), A2 (1:3), and A4 (1:4), showed lower 

compressive strength values, with A1 reaching 6.2 MPa at 7 

days and 9.462 MPa at 28 days, A2 recording 5.4 MPa at 7 

days and 8.314 MPa at 28 days, and A4 achieving 5.44 MPa at 

7 days and 8.5 MPa at 28 days. These results indicate that 

while all tested concrete mixes exhibited strength develop-

ment over time, A3 consistently outperformed them in both 

early-stage and later-stage strength parameters. For its’ supe-
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rior mechanical performance, Model A3 (1:3) was selected 

for further optimization. Its’ higher compressive strength 

suggests improved durability, making it a promising choice 

for structural applications where load-bearing capacity is a 

critical factor. The selection of A3 (Figure 10) for further 

development aims to refine its’ mix composition, enhance its’ 

workability, and explore potential modifications to achieve 

even better structural performance. 

When different concrete mix models were designed to 

prepare cylindrical specimens (Figure 2) at initial stage (A1, 

A2, A3, A4), based on different aggregate size, then the 

compressive strength was found different, and the density 

was varied with water-cement (W/C) ratio. Where A3 

showed maximum compressive strength of 11.43 MPa in 28 

days where porosity was 24.04% (Table 3), which meets the 

criteria of being a pervious concrete pavement. Here poros-

ity was determined using the water saturation method fol-

lowing ASTM C642 guidelines, which estimates the total 

void content in the concrete matrix. 

Each reported compressive strength value represents the 

average of three test specimens. Both 7-day and 28-day 

strengths were considered to identify the most suitable mix 

design for practical application based on strength develop-

ment trends. 

 
Figure 10. Selected mix design at initial stage. 

3.2. Final Modified Specimen Preparation 

These results confirm the influence of increasing lime 

mortar content on strength improvement, though excessive 

inclusion reduced porosity below acceptable pervious con-

crete thresholds. 

 
Figure 11. Compression Test results of final specimens. 

Table 4. Compression test result of final specimen. 

Ratio (C: LM: Ag) 
Amount of Plastic 

Fiber (gm) 
W/C Ratio 

Strength in 7 

days (MPa) 

Strength in 28 

days (MPa) 

Density 

(Kg/m
3
) 

Porosity (%) 

A5 (1:0.25:3) 

4 

0.35 11.4 18.445 2599.4 17.01 

A6 (1:0.5:3) 0.35 11.76 19.450 2719.88 10.85 

A7 (1:0.75:3) 0.35 13.26 22.054 2780.12 7.83 

A8 (1:1:3) 0.35 16.58 24.337 2790 4.82 

http://www.sciencepg.com/journal/ajce


American Journal of Civil Engineering http://www.sciencepg.com/journal/ajce 

 

193 

 

 
Figure 12. Modified Pervious concrete final mix proportion. 

The comparative evaluation of compressive strength (Fig-

ure 11) across various concrete mix designs (Figure 5) high-

lights significant variations in their suitability for pervious 

concrete pavement applications. Among the tested models, 

A5 (1:0.25:3) has been selected as the optimal mix due to its 

balance between porosity and compressive strength, which 

aligns with the fundamental requirements of a modified per-

vious concrete pavement. While other mixes, such as A6 

(1:0.5:3), A7 (1:0.75:3), and A8 (1:1:3), demonstrated higher 

compressive strengths, their porosity levels were insufficient 

to meet the criteria for pervious pavement, which relies on 

adequate permeability for effective water infiltration. The 

compressive strength of A5 reached 11.4 MPa at 7 days and 

18.445 MPa at 28 days, providing a structurally viable yet 

permeable solution for sustainable pavement applications. 

The selection of A5 (Figure 12) underscores the necessity of 

maintaining a balance between mechanical strength and 

permeability in the design of pervious concrete, ensuring its 

practical functionality in stormwater management and envi-

ronmentally responsive infrastructure. Furthermore, a proto-

type of the pervious concrete pavement model (Figure 7) was 

prepared for the next step for thermal analysis under sunlight 

exposure to evaluate its thermal performance in comparison 

with traditional pavements. This investigation aims to assess 

potential temperature differentials and heat mitigation bene-

fits, contributing to the development of energy-efficient and 

sustainable pavement solutions. 

As A3 showed the most efficient result in 28 days without 

using any additives, it was selected for the improvement sec-

tion. Its’ compressive strength was tried to improve by using 

lime mortar and recycling plastic bottle fiber by maintaining 

the criteria for being a pervious concrete. And in the second 

stage, the A5 mix design model showed the compressive 

strength 18.445 MPa (Table 4). Though the other design A6, 

A7, A8 showed better compressive strength but in case of 

porosity range, those were not acceptable. The porosity values 

obtained reflect total void space, which directly influenced 

both compressive strength and infiltration capacity. Higher 

porosity generally enhanced infiltration but reduced strength, 

while lower porosity increased density and compressive 

strength but limited water permeability. Here lime mortar 

(Figure 3) was used to get better thermal result as lime mortar 

was used in ancient heritage buildings in Bangladesh where it 

acts both binding material and heat insulation material. Be-

sides, the use of lime mortar shows albedo effect which was 

shown practically during temperature measurement in pave-

ment structures. Although Mixes A6 to A8 achieved higher 

compressive strength, their porosity values fell below the 

recommended range for effective pervious pavement. There-

fore, Mix A5 was selected for its optimal balance of strength 

and permeability. 

The inclusion of recycled PET fibers enhanced the tensile 

strength and crack resistance of the modified pervious con-

crete [24, 25]. These fibers acted as micro-reinforcements, 

controlling crack propagation and improving ductility without 

significantly compromising compressive strength [26]. 

Each reported compressive strength value represents the av-

erage of three test specimens. Both 7-day and 28-day 

strengths were considered to identify the most suitable mix 

design for practical application based on strength develop-

ment trends. 

The comparative analysis of Mixes A1–A4 and A5–A8 high-

lights the progression from conventional to modified pervious 

concrete compositions. While Mixes A1–A4 served as control 

specimens with basic cement-aggregate ratios, Mixes A5–A8 

incorporated lime mortar and recycled plastic fibers, resulting 

in noticeable improvements in strength and overall matrix 

cohesion. Among them, Mix A5 demonstrated a favorable 

balance between compressive strength and porosity, making it 

the most practical choice for real-world pavement applica-

tions. This structured comparison confirms that the integra-

tion of supplementary materials can significantly enhance 

mechanical and hydraulic performance, aligning with the 

functional needs of pervious concrete pavements in urban 

infrastructure. 

3.3. Infiltration Test Result of Modified Pervious 

Concrete Pavement 

The measured infiltration rate (Figure 8) of 483.362 

mm/hour for the pervious concrete pavement indicates a good 

permeability level. The measured infiltration rate of 

483.362 mm/h notably surpasses the typical peak rainfall 

intensities observed in Dhaka, which range from 98 to 

150 mm/h [3], indicating that the developed pervious concrete 

mix is well-suited for handling intense urban stormwater 

runoff. This rate suggests that the pavement can efficiently 

manage stormwater by rapidly allowing water to infiltrate, 
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thereby reducing surface runoff, minimizing flooding risks, 

and promoting groundwater recharge. Achieving such a rate 

reflects the effectiveness of the pavement's material compo-

sition, construction quality, and subgrade preparation. How-

ever, maintaining this performance over time will depend on 

regular maintenance to prevent clogging from debris and 

sediment, as these factors can significantly reduce infiltration 

rates. While the current rate is suitable for handling moderate 

to heavy rainfall, continuous monitoring is essential to ensure 

sustained efficiency. Overall, this infiltration rate aligns well 

with sustainable urban drainage objectives, supporting 

eco-friendly stormwater management and contributing to the 

pavement’s long-term functional performance. 

4. Conclusion 

This research demonstrates that Modified Pervious Concrete 

Pavement (MPCP), incorporating lime mortar and recycled 

plastic fibers, offers a promising and sustainable solution for 

urban pavement applications in Bangladesh. The optimized mix 

design (A5) achieved a favorable balance between compressive 

strength and porosity, meeting the essential performance criteria 

for pervious pavements. The high infiltration rate further con-

firms the system’s ability to support efficient stormwater man-

agement and mitigate waterlogging—an urgent challenge in 

many Bangladeshi cities during the rainy season. Moreover, the 

integration of waste-derived materials contributes to environ-

mental sustainability by reducing dependence on conventional 

cement and promoting the circular use of plastic waste. The 

findings suggest that MPCP can serve as an eco-friendly, struc-

turally sound, and practically viable alternative to traditional 

rigid pavements, helping address local infrastructure and envi-

ronmental needs. Further large-scale field applications and 

long-term durability assessments are encouraged to support its 

wider adoption in Bangladesh’s urban landscape. 

5. Limitations and Further Research 

Directions 

Although this study demonstrates promising outcomes in 

terms of the mechanical and permeability performance of Modi-

fied Pervious Concrete Pavement (MPCP), several aspects re-

quire further investigation to fully establish its field applicability 

and long-term effectiveness. Future research should explore the 

optimization of admixture integration techniques during 

large-scale mixing to ensure consistent material quality. Addi-

tionally, comprehensive thermal analysis compared to conven-

tional pavements is needed to evaluate MPCP’s ability to con-

tribute to surface temperature regulation under practical condi-

tions. To validate long-term performance, durability tests such as 

freeze-thaw resistance and abrasion under actual traffic loading 

should be conducted. This study primarily examined compres-

sive strength as a mechanical indicator; however, additional 

parameters such as Young’s modulus, split-tensile strength, 

flexural behavior, and stress–strain response should be included 

in future work for a more comprehensive structural assessment. 

While the combined use of lime mortar and recycled plastic 

fibers showed positive effects in this study, the precise quantita-

tive synergy between these components and their long-term 

durability impacts have not yet been fully established. These 

aspects should be the focus of future experimental and 

field-based investigations to support broader implementation of 

the MPCP system in urban infrastructure. 

Abbreviations 

MPCP Modified Pervious Concrete Pavement 

PCP Pervious Concrete Pavement 

PET Polyethylene Terephthalate 

LM Lime Mortar 

W/C Water-to-Cement Ratio 

ACI PRC-522 American Concrete Institute Pervious 

Concrete Provisional Report - 522 

Acknowledgments 

The author expresses his heartiest gratitude and sincere 

indebtedness to his supervisor Dr. Md. Akhtar Hossain, Pro-

fessor, Department of Civil Engineering, RUET for his con-

tinuous guidance, relentless discussions, helpful suggestions, 

affectionate encouragement, and generous help at every stage 

of this study. 

Author Contributions 

Muhammad Akhtar Hossain: Funding acquisition, Su-

pervision, Validation, Visualization 

Abid Hussain: Conceptualization, Formal Analys, Meth-

odology, Visualization, Writing – original draft, Writing – 

review & editing 

Proton Sarker: Data curation, Investigation, Resources, 

Software, Visualization 

Data Availability Statement 

The data available from the corresponding author can be 

provided for verification purposes. This publication has also 

included references to the data that support the findings of this 

investigation. 

Funding 

This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-profit 

sectors. All experimental work was conducted using the 

full-access laboratory facilities of Rajshahi University of 

Engineering & Technology (RUET), ensuring an unbiased 

http://www.sciencepg.com/journal/ajce


American Journal of Civil Engineering http://www.sciencepg.com/journal/ajce 

 

195 

and controlled research environment. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] A. N. Nithila, P. Shome, and I. Islam, ―Waterlogging induced 

loss and damage assessment of urban households in the mon-

soon period: a case study of Dhaka, Bangladesh,‖ Natural 

Hazards, vol. 110, no. 3, pp. 1565–1597, Feb. 2022,  

https://doi.org/10.1007/S11069-021-05003-1 

[2] S. Hossain, M. A. Rahman, M. A. Chowdhury, and S. K. Mo-

honta, ―Plastic pollution in Bangladesh: A review on current 

status emphasizing the impacts on environment and public 

health,‖ Environmental Engineering Research, vol. 26, no. 6, 

Dec. 2021, https://doi.org/10.4491/EER.2020.535 

[3] S. Alam, A. Rahman, and A. Yunus, ―Designing Stormwater 

Drainage Network for Urban Flood Mitigation using SWMM: 

A Case Study on Dhaka City of Bangladesh,‖ American 

Journal of Water Resources, vol. 11, no. 2, pp. 65–78, Jun. 

2023, https://doi.org/10.12691/AJWR-11-2-3 

[4] S. A. Terkura and S. Akib, ―Performance of Permeable Pave-

ment Systems: A Review and Future Solutions,‖ Sep. 2024,  

https://doi.org/10.20944/PREPRINTS202409.1150.V1 

[5] M. Sartipi and F. Sartipi, ―Stormwater retention using pervious 

concrete pavement: Great Western Sydney case study,‖ Case 

Studies in Construction Materials, vol. 11, p. e00274, Dec. 

2019, https://doi.org/10.1016/J.CSCM.2019.E00274 

[6] A. Azad, M. N. Sheikh, and F. I. Hai, ―A critical review of the 

mechanisms, factors, and performance of pervious concrete to 

remove contaminants from stormwater runoff,‖ Water Res, vol. 

251, p. 121101, Mar. 2024,  

https://doi.org/10.1016/J.WATRES.2024.121101 

[7] M. Adresi, A. Yamani, M. Karimaei Tabarestani, and H. Roo-

holamini, ―A comprehensive review on pervious concrete,‖ 

Constr Build Mater, vol. 407, p. 133308, Dec. 2023,  

https://doi.org/10.1016/J.CONBUILDMAT.2023.133308 

[8] B. Huang, H. Wu, X. Shu, and E. G. Burdette, ―Laboratory 

evaluation of permeability and strength of polymer-modified 

pervious concrete,‖ Constr Build Mater, vol. 24, no. 5, pp. 

818–823, May 2010,  

https://doi.org/10.1016/J.CONBUILDMAT.2009.10.025 

[9] W. Ramírez, M. Mayacela, L. Contreras, A. Shambi, F. Ramí-

rez, and J. Chacón, ―Mechanical Properties of Permeable 

Concrete Reinforced with Polypropylene Fibers for Different 

Water–Cement Ratios,‖ Buildings 2024, Vol. 14, Page 2935, 

vol. 14, no. 9, p. 2935, Sep. 2024,  

https://doi.org/10.3390/BUILDINGS14092935 

[10] A. R. Santos, M. do Rosário Veiga, L. Matias, A. S. Silva, and J. 

de Brito, ―Durability and Compatibility of Lime-Based Mortars: 

The Effect of Aggregates,‖ Infrastructures 2018, Vol. 3, Page 34, 

vol. 3, no. 3, p. 34, Aug. 2018,  

https://doi.org/10.3390/INFRASTRUCTURES3030034 

[11] L. Gulbe, I. Vitina, and J. Setina, ―The Influence of Cement on 

Properties of Lime Mortars,‖ Procedia Eng, vol. 172, pp. 325–

332, 2017, https://doi.org/10.1016/J.PROENG.2017.02.030 

[12] R. Hanley and S. Pavía, ―A study of the workability of natural 

hydraulic lime mortars and its influence on strength,‖ Materials 

and Structures/Materiaux et Constructions, vol. 41, no. 2, pp. 

373–381, Mar. 2008, https://doi.org/10.1617/S11527-007-9250-0 

[13] P. N. Maravelaki et al., ―RILEM TC 277-LHS report: additives 

and admixtures for modern lime-based mortars,‖ Materials 

and Structures/Materiaux et Constructions, vol. 56, no. 5, pp. 

1–25, Jun. 2023,  

https://doi.org/10.1617/S11527-023-02175-Z/TABLES/15 

[14] O. E. Ige, O. A. Olanrewaju, K. J. Duffy, and O. C. Collins, 

―Environmental Impact Analysis of Portland Cement (CEM1) 

Using the Midpoint Method,‖ Energies 2022, Vol. 15, Page 

2708, vol. 15, no. 7, p. 2708, Apr. 2022,  

https://doi.org/10.3390/EN15072708 

[15] S. J. Lee, H. Shin, H. N. Lee, S. H. Park, H. M. Kim, and C. G. 

Park, ―Effect of Waste PET Fiber on the Mechanical Properties 

and Chloride Ion Penetration of Emergency Repair Concrete 

for Road Pavement,‖ Materials 2024, Vol. 17, Page 5352, vol. 

17, no. 21, p. 5352, Oct. 2024,  

https://doi.org/10.3390/MA17215352 

[16] A. K. Chandrappa and K. P. Biligiri, ―Pervious concrete as a 

sustainable pavement material-Research findings and future 

prospects: A state-of-the-art review,‖ May 15, 2016, Elsevier 

Ltd. https://doi.org/10.1016/j.conbuildmat.2016.02.054 

[17] ―(PDF) CAN POROUS PAVEMENT BE A SUSTAINABLE 

SOLUTION FOR THE NEWLY EXTENDED PART OF 

DHAKA IN TERMS OF SOLVING WATER LOGGING IS-

SUES AND GROUNDWATER LEVEL RECLAMATION?‖ 

Accessed: Jun. 06, 2025. [Online]. Available:  

https://www.researchgate.net/publication/379189747 

[18] P. Krauss and T. Paret, ― Review of Properties of Concrete, 5th 

Ed., by A. M. NevillePrentice Hall, Pearson, San Francisco, 

CA; 2012; ISBN 0273755803 and 978-0273755807; 846 pp.; 

$160 (paperback).,‖ Journal of Performance of Constructed 

Facilities, vol. 28, no. 3, pp. 630–630, Jun. 2014,  

https://doi.org/10.1061/(ASCE)CF.1943-5509.0000595 

[19] Naji Hilal Nahla Sheelan Hama, ―AN INTRODUCTION TO 

PERVIOUS CONCRETE PRODUCTION AND APPLICA-

TIONS,‖ 2024. 

[20] Shobijan, M. Arunan, S. Pratheesh, A. Anburuvel, and D. 

Subramaniam, ―Characterization of porosities and optimiza-

tion of mix design of pervious concrete using image analysis,‖ 

J Sustain Cem Based Mater, vol. 13, no. 8, pp. 1149–1163, 

2024, https://doi.org/10.1080/21650373.2024.2358539 

[21] B. Ghorbani, A. Arulrajah, G. A. Narsilio, S. Horpibulsuk, and 

A. Buritatum, ―Geothermal Pavements: Experimental Testing, 

Prototype Testing, and Numerical Analysis of Recycled Dem-

olition Wastes,‖ Sustainability (Switzerland), vol. 15, no. 3, 

Feb. 2023, https://doi.org/10.3390/su15032680 

http://www.sciencepg.com/journal/ajce


American Journal of Civil Engineering http://www.sciencepg.com/journal/ajce 

 

196 

[22] C. Valeo and R. Gupta, ―Determining Surface Infiltration Rate 

of Permeable Pavements with Digital Imaging,‖ Water 2018, 

Vol. 10, Page 133, vol. 10, no. 2, p. 133, Jan. 2018,  

https://doi.org/10.3390/W10020133 

[23] H. G. K. K. Yogeswari, ―Experimental Study on Pervious 

Concrete as a Drain Cover Slab.‖ [Online]. Available:  

www.ijrte.org 

[24] S. Baradaran, M. R. M. Aliha, A. Maleki, and B. S. Underwood, 

―Fracture properties of asphalt mixtures containing high con-

tent of reclaimed asphalt pavement (RAP) and eco-friendly 

PET additive at low temperature,‖ Constr Build Mater, vol. 

449, p. 138426, Oct. 2024,  

https://doi.org/10.1016/J.CONBUILDMAT.2024.138426 

[25] S. Baradaran, J. Rahimi, M. Ameri, and A. Maleki, ―Mechan-

ical performance of asphalt mixture containing eco-friendly 

additive by recycling PET,‖ Case Studies in Construction 

Materials, vol. 20, p. e02740, Jul. 2024,  

https://doi.org/10.1016/J.CSCM.2023.E02740 

[26] S. Baradaran and M. R. M. Aliha, ―Mode I and Mode II frac-

ture assessment of green asphalt pavements containing plastic 

waste and RAP at low and intermediate temperature,‖ Results 

in Engineering, vol. 25, p. 103734, Mar. 2025,  

https://doi.org/10.1016/J.RINENG.2024.103734 

[27] A. Hussain, T. H. Dhrubo, Z. A. Adeeba, and S. H. Akash, 

―Mitigating urban heat in Bangladesh: a hybrid wall approach 

using AAC and hollow cement blocks,‖ Journal of Building 

Pathology and Rehabilitation, vol. 10, no. 2, pp. 1–23, Dec. 

2025, https://doi.org/10.1007/s41024-025-00648-y 

Biography 

Muhammad Akhtar Hossain is currently 

working as a Professor at Rajshahi Univer-

sity of Engineering & Technology, Depart-

ment of Civil Engineering. He acquired his 

B.Sc. in Civil Engineering from Rajshahi 

University of Engineering & Technology in 

2001. He has published various research 

works and conference papers. 

Abid Hussain has just completed under-

graduate studies in the Civil Engineering 

Department at Rajshahi University of Engi-

neering & Technology. He will acquire his 

B.Sc. in Civil Engineering degree from 

Rajshahi University of Engineering 

&Technology in 2025. 

Proton Sarker has just completed under-

graduate studies in the Civil Engineering 

Department at Rajshahi University of Engi-

neering & Technology. He will acquire his 

B.Sc. in Civil Engineering degree from 

Rajshahi University of Engineering & Tech-

Technology in 2025. 

 

 

http://www.sciencepg.com/journal/ajce

