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Abstract- Rubberized concrete brings together traditional concrete with 

recycled waste tires, thus addressing environmental challenges through 

the enhancement of material properties in terms of strength, flexibility, 

and durability. However, its extensive use is limited by the hydrophobic 

rubber particle-hydrophilic cement matrix bond, which gives rise to 

mechanical deficiencies. This paper looks into the possibility of 

overcoming such limitations in a NaOH treatment to improve 

rubberized concrete for bridge deck-type applications. Chemically, 

NaOH modifies the surface of rubber particles and enhances the 

bonding at the interface, significantly improving compressive and 

tensile strength, resistance to fatigue, and durability in extreme 

conditions, including freeze-thaw cycles, UV exposure, and chloride 

attacks. Experimental studies and molecular dynamics simulations 

validate the enhancements, thereby supporting the suitability of the 

material for sustainable infrastructure. This paper also discusses scaling 

up NaOH treatment for industrial applications, in terms of low-cost 

processing and material handling efficiency under environmental 

regulations. Emerging technologies in the form of nanomaterial 

additives and optimized mix designs will be highlighted to further 

enhance mechanical properties and the applicability of rubberized 

concrete. Long-term field studies confirm the economic and 

environmental advantages of the material, thus NaOH-treated 

rubberized concrete can be considered as a sustainable, durable, and 

cost-effective option for modern construction practices and 

infrastructure development. 

Keywords- Rubberized Concrete, NaOH Treatment, Bridge Decks, 

Sustainability, Interfacial Bonding, Structural Durability, Fatigue 

Performance. 

I. INTRODUCTION 

Rubberized concrete, which incorporates recycled 

rubber from waste tires into conventional concrete 

mixes, offers a dual benefit of addressing environmental 

issues like "black pollution" while potentially enhancing 

material properties like flexibility and damping capacity. 

This innovation has gained attention for its applications 

in bridge engineering, particularly for improving the 

durability of deck slabs under dynamic loads and 

mitigating environmental degradation [1], [2]. 

Nevertheless, the poor interfacial adhesion between the 

hydrophobic rubber particles and the hydrophilic cement 

paste leads to pore formation, compromising the 

mechanical behaviour and structural robustness of the 

rubberized concrete. Several alternative solutions have 

been investigated, ranging from chemical surface 

treatments such as NaOH and physical surface etching to 

incorporation of mineral admixtures or fiber-reinforced 

materials that can enhance the strength of the bond and 

enlarge its applicability [3], [4]. 

It has also been widely discussed how rubberized concrete 

presents durability and thermal insulation properties. Its 

resistance to chloride ion penetration is under debate, 

attributing improved rubberized concrete's durability to the 

water resistance of rubber while others point out the 

adverse effects of micropores. However, low thermal 

conductivity is fully supported everywhere. That means it 

is an energy-efficient building material suited for 

insulation purposes with a simplified alternative to 

traditional layered panels [5]. The effectiveness of 

chemical modification such as NaOH washing and the sol-

gel process to improve the hydrophilicity and adhesive 

properties of the rubber particles towards the cement 

matrix has improved performance. Compressive strength, 

flexural strength, and durability of the mortar mixture have 

been reportedly improved significantly as a result of these 

treatments [6], [7]. Techniques such as UV-induced 

grafting, and even further silica-based modification, appear 

quite promising but surely need proper systemic 

classification and comparative analysis of methods to help 

get the application streamlined [8, 9]. 
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Fig. 1: Advancements in Rubberized Concrete for Sustainable and Durable Infrastructure 

The Fig. 1 above represents, in a semi-circle 

configuration, the salient aspects of rubberized concrete 

benefits and advances. It includes material properties, 

which focus on improved flexibility and higher damping 

capacity; durability enhancements that speak to better 

resistance to dynamic loads and environmental 

degradation; and chemical treatments that concentrate 

improvements in adhesion and mechanical 

characteristics. Also, it highlights Environmental Benefits 

through recycled materials in avoiding waste and 

pollution, as well as Sustainable Solutions that provide the 

environment-friendly solutions for waste tires disposal 

and construction. This picture summarizes the wide-

ranging benefits of rubberized concrete in modern 

infrastructures. 

The disposal of millions of tires yearly in countries like 

China, the United States, and the European Union due to 

the urgent problem of waste tires has raised the need for 

sustainable solutions. Rubber powder obtained from these 

tires can alleviate stress, minimize micro-cracks, and 

restrain shrinkage deformation in cement-based materials; 

however, the application is limited due to poor interface 

bonding. Modified rubber powder has the possibility to 

improve micro- and macrostructure of cement-based 

materials in rubberized form by showing improved 

mechanical performance and sustainability [10], [11]. 

Therefore, this paper reviews the systematized impacts of 

NaOH-treated rubberized concrete on bridge deck 

performance that would focus upon the mechanical, 

structural, and durability aspects. This review attempts to 

find optimal methods for construction and to support 

sustainable solutions through detailed examination of 

chemical treatment processes, material properties, and 

structural behaviour under IRC loadings [12], [13].  

II. RUBBERIZED CONCRETE IN BRIDGE 

DECKS 

Rubberized concrete contains lower density with higher 

impact strength and flexibility compared with the 

conventional one, but normally, compressive and tensile 

strengths are of lower magnitude. These material 

properties are critical when determining its ability to be 

utilized in applications, such as a bridge deck where 

strength and durability are key characteristics. However, 

the primary challenges of rubberized concrete are those 

from the poor bonding between rubber particles and the 

cement matrix, resulting in low strength of the structure, 

water absorption, and shrinkage problems. The 

heterogeneity of rubberized concrete also leads to the 

development of stress under uneven distribution, making 

its usage even less prevalent in high-load applications like 

bridge construction. 

Preservation programs for bridge decks are necessary to 

avoid structural degradation but have traditionally been 

underfunded, with an increasing number of structurally 

deficient bridges. Aging infrastructure and durability 

issues such as freeze-thaw cracking and chloride-induced 

corrosion have only worsened the problem [14]. For 

instance, Washington State projects a continued increase 

in poor-condition bridge decks through 2027 that could 

potentially exceed federal thresholds. These can be 

combated through proactive rehabilitation strategies like 

small repairs and concrete overlays. Such methods help 

reduce the cost and prevent long-term closure. Rapid 
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repair solutions are critical in urban areas, as traffic delays 

caused by infrastructure problems account for billions of 

dollars annually in fuel inefficiencies and traffic collisions 

[15]. 

Bridge deck preservation is only effective if repair 

materials can quickly develop strength, ensure excellent 

bonding, and be long-lasting. With these qualities in 

mind, state departments of transportation (DOTs) have 

shown interest in using high early strength concretes 

(HESC) due to their quick curing times and ease of 

implementation compared to traditional practices. These 

materials enable quick repair, reducing disruptions to the 

service of the public while increasing the life of the 

bridges in an economical and effective way [16], [17]. 

Rubberized concrete is showing great promise in bridge 

decks and has the capabilities of improved resistance to 

cracking, better damping behaviour, and superior 

resistance to dynamic loads, so it is also a material suited 

for meeting durability requirements of infrastructures in 

modern infrastructure. 

III. NaOH TREATMENT IN RUBBERIZED 

CONCRETE 

The rapid growth of the automotive industry has led to an 

immense accumulation of waste tires across the globe. 

Among the promising recycling methods for such huge 

accumulations is the recycling of crumb rubber into 

concrete with environmental benefits that improve some 

properties, such as toughness, damping capacity, and 

freeze-thaw resistance [18]. The lower compressive and 

tensile strength of rubberized concrete, largely caused by 

poor interfacial adhesion between the hydrophobic rubber 

particles and the hydrophilic cement matrix, has greatly 

limited its application. To overcome these problems, 

numerous researchers have studied a variety of surface 

treatment methods of physical and chemical natures: 

washing, acid treatments, SCAs, and coatings, all of 

which may improve interfacial adhesion and mechanical 

properties [19], [20]. 

Among these methods, treatment with NaOH had proven 

effective in introducing hydrophilic functional groups to 

the surface of rubber particles by breaking down the 

hydrophobic components and altering surface chemistry. 

This modification brought very considerable 

improvement in the bond strength between rubber and the 

cement matrix. The result shows better load transfer 

within composite material and presented compressive 

strength, tensile strength, and modulus of elasticity higher 

than that of untreatmented rubberized concrete. These 

improvements have made treated rubberized concrete 

significantly more suitable for structural applications, for 

instance, bridge engineering, for which strength and 

durability are prime criteria [21]. 

Recent advances, involving the use of experimental 

techniques, such as SEM and FTIR, coupled with 

molecular dynamics simulations, have allowed insights 

into mechanisms through which the improvement in ITZ 

is enhanced. These studies suggest that optimal surface 

modification of rubber, including treatments with silane 

coupling agents, significantly enhance the rubber-cement 

interface. This modification changes the failure mode 

from interface detachment to delamination within the 

cement phase, thus offering better mechanical 

performance [22]. In addition, molecular dynamics 

simulations confirm that SCA-treated rubber forms 

stronger bonds with the cement matrix than untreated 

rubber, demonstrating the critical role of surface 

treatments in enhancing the mechanical properties of 

rubberized concrete [23]. 

Despite these advances, researchers have underlined that 

the further development of rubberized concrete needs 

more than surface treatments. Improving the intrinsic 

mechanical properties of rubber or finding new casting 

techniques may help in optimizing its performance. 

Incorporation of treated crumb rubber into concrete leads 

to more sustainable construction practices as waste is 

avoided and the dependency on non-renewable resources 

is reduced. NaOH-treated rubberized concrete has 

tremendous potential for environmentally constrained 

applications with long-term durability and sustainability 

in construction. 

IV. PERFORMANCE ANALYSIS UNDER IRC 

LOADINGS 

The Indian Roads Congress IRC loads criteria for the 

bridge structures define the safety performance under 

dynamic as well as static loads. IRC loading standards, 

which are a reference point for establishing the suitability 

of materials such as NaOH treated rubberized concrete for 

bridge decks. The structural behaviour of NaOH-treated 

rubberized concrete deck slabs under various IRC-

specified loading conditions reveals better load 

distributions, less crackings, higher resistance to both 

deflection as well as shear forces. NaOH treatment 

significantly improves the performance of rubberized 

concrete by overcoming the limitations of the untreated 

variants. Comparative studies show that treated concrete 

has higher strength, better durability, and improved load-

carrying capacity, making it more suitable for bridge 

applications. 
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A finite element method (FEM) analysis of simply 

supported single-cell reinforced concrete (RC) curved 

box-girder bridges has been performed by CSiBridge v.20 

software. This study validates the modeling approach 

using an existing model and studies bridge behavior under 

dead load (DL) and Indian Road Congress live load (LL). 

A parametric study was made on bending moment (BM), 

shear force (SF), torsional moment (TM), and vertical 

deflection (VD) that considers the impact of curve angles 

and spans. Results of the study pointed out that, for curve 

angles up to 12°, the forces and deflections are negligible, 

making such bridges acceptable to be analyzed as straight 

ones. Non-dimensional equations were developed for 

predicting forces and deflections in curved bridges using 

the results from straight bridges, thereby facilitating 

efficient design and analysis of bridges [24].  

To address the problems of structural in nature like under-

approach voiding at bridge approaches, an analysis for 

two-lane approach slabs was undertaken under various 

conditions of traffic loadings. By Winkler springs and 

multi-linear gap model used for soil-slab interaction, this 

study has identified that demand moment exceeded the 

prescribed moment resistance from MORTH in case of a 

void size greater than 2.5 m. An optimized approach slab 

design was presented that provided 42.46% higher 

bending moment capacity and 2.84% greater shear force 

capacity, thus reducing settlement problems and 

providing safer transitions to bridge decks [25]. 

NaOH pre-treatment of crumb rubber (CR) in concrete 

has been studied to improve its mechanical and shrinkage 

properties. By applying the response surface methodology 

(RSM), it was found that pre-treatment by NaOH 

remarkably reduced the strength loss and shrinkage. 

Moreover, the compressive strength, flexural strength, 

and tensile strength improved by 22%, 44%, and 43%, 

respectively. FESEM microstructural studies showed 

better ITZs by optimizing the level of NaOH and CR for 

a desirability of 71.4% for practical use [26]. Likewise, a 

novel polyurethane concrete material prepared for steel 

bridge decks showed great sensitivity toward 

temperatures from −40°C to 60°C; thus, the developed 

material retains its strength and ductility in this range of 

conditions. The presented material can tackle seasonal 

freezing by ensuring structural reliability [27]. 

This has further advanced the bridge deck maintenance 

with the rapid repair epoxy concrete incorporating carbon 

black and rubber powder. The material shows improved 

thermal sensitivity, aging resistance, and toughness, thus 

highly suitable for pothole and crack repair in bridge 

decks. Furthermore, water-resistant apertures through the 

use of asphalt concrete (APC) and latex-modified 

concrete (LMC) layers, supported by double-sided 

adhesive sheets, enhanced significantly, by up to 320%, 

performance over regular requirements [28], [29]. 

Moreover, dynamic properties, such as energy absorption 

and ductility, help make rubber concrete evidence of its 

sustainable viability. Although its static properties are 

somewhat weaker, there is a motivation to further pursue 

its constitutive models and synergetic influences with 

other added materials to potentially optimize its 

performances [30]. 

Table 1: Comparative Summary of Research Studies on Bridge Materials and Design 

Ref. 

No. 

Properties Material Composition Method Used Results 

24 Design 

forces (BM, 

SF, TM, 

VD) under 

vertical 

loading 

Single-cell RC curved box-

girder bridges 

Finite element analysis with 

CSiBridge v.20 software 

Curve angle up to 12° 

negligible, non-

dimensional equations 

proposed 

25 Behavior of 

approach 

slabs under 

void 

formation 

and traffic 

loading 

Concrete approach slab 

with Winkler springs 

Parametric and case studies 

with time-dependent 

settlement models 

Optimized slab design 

improves bending and 

shear capacity by 

42.46% and 2.84% 

26 Mechanical 

and 

shrinkage 

properties of 

NaOH-treated crumb 

rubber in concrete 

RSM optimization and 

FESEM for ITZ analysis 

NaOH treatment reduces 

strength loss and 

shrinkage by up to 60% 
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NaOH-pre-

treated CR 

concrete 

27 Mechanical 

properties of 

polyurethane 

concrete 

under 

temperature 

variations 

Polyurethane concrete with 

orthotropic slabs 

Compressive, flexural 

strength, SEM, and IR 

analysis 

Strength decreases with 

temperature, but material 

meets strength 

requirements 

28 Rapid repair 

properties of 

epoxy 

concrete for 

bridge decks 

Epoxy concrete with 

carbon black, rubber 

powder, and solid asphalt 

Compressive strength, thermal 

sensitivity, UV aging tests 

Improved aging 

resistance, thermal 

sensitivity, and 

toughness 

29 Waterproofi

ng 

performance 

of APC and 

LMC 

pavement 

layers 

Asphalt and latex-modified 

concrete with 

waterproofing sheet 

Evaluation under Korean 

industrial standards for 

waterproofing 

Waterproof performance 

8%-320% higher than 

standard requirements 

30 Mechanical 

and dynamic 

properties of 

rubber 

concrete 

Rubber particles as partial 

aggregate replacement 

Static and dynamic property 

tests, fire resistance evaluation 

Dynamic properties 

improved with energy 

absorption up to 110% 

 

V. DURABILITY AND LONG-TERM 

PERFORMANCE 

NaOH-treatment improves the durability and 

performance characteristics of the rubberized concrete 

under various environmental settings, making the material 

ideal for applications such as weathered bridge decks. The 

materials exhibit improved resistance toward freeze-thaw 

cycles, chemical attacks, and UV exposure that makes it 

last longer even in demanding settings. Deterioration risk 

has been greatly minimized with this material, and 

structures built with the material remain robust and 

reliable for extended periods of time. 

Besides environmental resilience, fatigue performance is 

one of the great advantages of rubberized concrete when 

treated with NaOH. High flexibility and reinforcement of 

the interfacial transition zone between the rubber particles 

and the cement matrix allow it to withstand repeated load 

cycles without suffering significant degradation. This 

property benefits infrastructure structures which are 

exposed to high traffic flow and dynamic loads, where 

long-term structural integrity must be maintained. 

Second, by life cycle assessment, economic benefits and 

environmental impact are established during the usage of 

NaOH treated concrete. Since they have lesser 

requirement for maintenance the structures that 

incorporate this material may reduce costs by long-run 

costs and an insignificant environmental footprint over 

time. Together with mechanical durability properties, its 

sustainability benefit further positions NaOH-treated 

rubberized concrete as better than its competitive 

construction material types for the requirement of modern 

times. 

VI. FUTURE PROSPECTS AND RESEARCH 

DIRECTIONS 

There are many challenges to be considered when the 

NaOH-treated rubberized concrete is applied at an 

industrial level. Scaling up NaOH treatment requires 

dealing with issues of cost-effectiveness in the processes, 

efficient material handling for the management of large-

scale operations, and environmental regulations. These 

are the areas of solution that must be found in order to 

allow the advantages of NaOH-treated rubberized 

concrete to be enjoyed at a wider scale, making it possible 

for the concrete to be integrated into normal construction 

activities. 
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These emerging technologies promise great hope for 

advancing the performance of rubberized concrete, 

especially in demanding applications like bridge 

construction. Advanced surface treatments, nanomaterial 

additives, and better mix designs could give further 

opportunities for improving the mechanical properties, 

durability, and overall performance characteristics of 

rubberized concrete. Such improvements would also 

result in the ability of rubberized concrete to meet the 

increased demands brought about by modern 

infrastructure, such as improved safety, reliability, and 

sustainability. 

Maximize the potential of NaOH-treated rubberized 

concrete with the following research areas: optimization 

of the treatment process regarding efficiency and 

consistency, alternative chemical treatments to NaOH that 

can equally or even do better than this, and field studies 

lasting several years for real performance validation under 

realistic environmental conditions and varied operational 

modes. Such studies would help in highlighting the 

durability requirements, maintenance costs, and all-round 

feasibility associated with its successful usage in various 

bridge construction or other critical infrastructural 

projects. Thus, after identifying these requirements, 

researchers as well as engineers can push the technology 

to make this rubberized concrete a sustainable material of 

high-performance for the future. 

VII. CONCLUSION 

It highlights the transformational potential of NaOH-

treated rubberized concrete in ameliorating the conflicts 

between environmental sustainability and infrastructure 

durability. Chemical treatment with NaOH, altering the 

surface chemistry of rubber particles, can potentially 

enhance bonding to the cement matrix, increase 

compressive and tensile strength, and enhance resistance 

to dynamic loading and environmental stressors' 

durability. These properties make treated rubberized 

concrete a strong candidate for bridge decks and other 

high-load applications where resilience and longevity are 

paramount. Further studies are needed for optimization of 

NaOH treatment towards scale-up in scalability, search 

for alternative chemical processes, and long-term 

performance study in varied environmental conditions. 

New technologies related to nanomaterials and novel 

casting methods present interesting venues to further 

develop the mechanical properties of rubberized concrete 

and further broaden its field of application. With its 

environmental benefits-which include reduction in waste 

and reduced reliance on finite resources-this NaOH-

treated rubberized concrete is a rich asset for modern 

construction practices, promising durability at affordable 

cost for infrastructure. 
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