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High performance concrete can substitute conventional concrete in rigid pavement 

systems in earthquake-prone regions due to its enhanced mechanical properties, such 

high compressive strength, high flexural strength, and durability. An overview of 

relevant study on HPC material properties, rigid pavement design and performance, 

the effects of seismic loading on concrete structures in general, as well as specialized 

materials that include ultra-high-performance concrete (UHPC), engineered 

cementitious composites (ECC), and fiber-reinforced versions are presented in this 

review. Engineered cementitious composites (ECC), fiber-reinforced forms, and so 

forth. Metrics such loss of energy capacity, crack control ability, load transfer ability, 

and mechanical–environmental durability are highlighted in the review. Additionally, 

link slab technology, joint design, and additional cementitious materials for enhancing 

seismic performance and sustainability are among the subjects addressed. In addition 

to suggesting future directions for research on seismic optimum of nanomaterials-

enabled HPC rigid pavement systems, this report discusses cost, standardizing, and 

performance data over the service life for HPC rigid pavements. 
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1. Introduction  

There are unprecedented challenges in the 

construction and design of rigid pavement 

structures due to growing traffic volumes, the 

effects of climate variability, and seismic 

activity in earthquake-prone areas [1]. In the 

past, jointed plain concrete pavements (JPCP) 

and continuously reinforced concrete pavements 

(CRCP) were the most common surface types 

for rigid pavements, which were designed for 

static and semi-static loading conditions. 

Nevertheless, new investigations indicate a 

necessity to consider the dynamic response of 

pavements subjected to seismic loadings [2], 

particularly in high-seismic areas. Compared to 

traditional concrete, the use of High-

Performance Concrete (HPC), a notable 

modification in rigid pavement construction, 

greatly improves mechanical characteristics, 

durability, and structural resilience [3]. The 

evaluation of high-performance concrete (HPC) 

as a suitable substitute for rigid pavement 

systems designed to withstand seismic loads is 

organized in this literature review, and this also 

presents constituent characteristics, modelling or 

designing procedures, performance mechanisms, 

and research directions for future studies. 

The meaning of this study has been shown in 

both earthquakes and infrastructure disasters, 

where substandard quality of materials and poor 

pavement design result in serious infrastructure 

damage [4]. Superior flexural strength, less 

permeability, and superior stress-strain 

behavior—in particular in response to dynamic 

loading—are the advanced characteristics of 

High-Performance Concrete. Because of this, its 
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new research has proven that HPC-based rigid 

pavements can maximize material consumption 

and long-term maintenance expenses by 

minimizing the thickness of the needed slabs by 

6–39% while sustaining increased load-carrying 

capabilities [5]. Furthermore, HPC is a good 

material for prolonged design life applications in 

seismic locations due to its generally more 

durable qualities, such as improved resistance to 

freeze-thaw cycles, chemical assault, and 

fatigue. 

2. High-Performance Concrete's Material 

Properties and Features 

2.1 Essential Characteristics of HPC 

High compressive strength (over 50 MPa) as 

well as better workability, durability, and 

consistency in regard to ordinary concrete are 

features characteristic of HPC, a unique concrete 

category [3]. To enhance the microstructure, 

HPC is made using various amounts of cement, 

aggregates, specialized admixtures, and 

supplementary materials (SCM). A significant 

advancement in the design of HPCs has been the 

use of additional cementitious materials, such as 

fly ash, silica fume, and ground granulated blast 

furnace slag (GGBFS), leading to pozzolanic 

reactions and compacted pore configurations [6]. 

In addition to improving mechanical qualities, 

these additives reduce the water-to-cement 

ratios, resulting in less permeable porous 

matrices with improved durability. HPC can 

maintain workability despite reaching a low 

water-to-cement ratio between 0.25 and 0.40, as 

opposed to traditional concrete between 0.50 and 

0.60, due to high-range water reducers and 

superplasticizers [7]. 

HPC beam-column joints have more structural 

performance, particularly increased load-

carrying capacity, minimized deformations, and 

improved ductility over conventional concrete, 

according to numerous experimental evaluations 

[8]. Fibers modify the composite microstructure 

while providing HPC formulations with better 

ductility, both of which are good for your 

application. Research on fibre-reinforced HPC 

reveals that better failure modes and a higher 

energy absorption capacity depend on the choice 

of fibres (steel, synthetic, or basalt) at 

appropriate volumes [9]. The variety of 

imaginative joint designs and structural 

configurations for rigid pavement applications 

has been increased by the newly introduced 

Ultra-High-Performance Concrete (UHPC), 

which has compressive strengths greater than 

150 MPa. 

2.2 Environmental Performance and Durability 

As a result of its tiny microstructure, which 

considerably reduces moisture entry, sulphate 

penetration, and chloride diffusion, HPC offers a 

longer life span [10]. When correctly 

constructed, HPC formulations with recycled 

materials can achieve an embodied carbon of 

roughly 76% lower than typical Portland cement 

pavements and maintain compressive strengths 

well into the 65 MPa range [10]. When looking 

at large-scale pavement designs, where 

sustainability considerations are significantly 

included in design procedures, the sustainable 

aspect is significant. As an example, treatment of 

recycled concrete aggregates (RCA) with silica 

fume and metakaolin is being shown to restore 

some of the mechanical properties lost from 

secondary use; machine learning models can 

predict whether modified formulations could 

restore pristine concrete strength levels with over 

95% fidelity [11]. 

Because HPC has lower capillary porosity as 

well as greater air-void features [12], it 

significantly boosts freeze-thaw resistance, an 

important durability requirement for rigid 

pavements in seismic zones and cold climates. 

The use of natural rubber latex in concrete has 

also been studied as a sustainable alternative; 

however, excess substitution might have harmful 

effects on concrete [12]. At recommended 

dosages (1.0% replacing the weight of cement), 

both compressive strength and flexural strength 

are significantly higher than those without, while 

still meeting the requirements for rigid pavement 

design criteria [13]. Additionally, to improve 

mechanical performance in certain conditions, 

the use of waste materials in HPC formulations, 

such as sugarcane bagasse ash, wasted coffee 

grounds, and porcelain tile waste, improves 

environmental sustainability [14]. 
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3.Fundamentals of HPC Applications and 

Rigid Pavement Design 

3.1 Structure Analysis and Design Process 

Advanced computing methods that take 

advantage of changes in temperature, dynamic 

loading conditions, and three-dimensional stress 

distributions must be utilized for tough 

pavement design in seismic zones [1]. Modern 

design approaches like the Pd T-14-2003 

method, which is applied throughout Asia, and 

FAA procedures for runway pavements provide 

a straightforward framework for computing 

design slab thickness according to CBR and 

traffic loading indices. While Westergaard's 

primary formulas originated for concrete slab 

design, finite element simulation has led toward 

their evolution [15]. Based on parametric 

studies, the assumptions stated under full 

subgrade support, such as in design, are 

considerably different in comparison to how 

concrete pavement behaves to combinations of 

temperature and traffic loads [15]. 

When HPC has been employed in the design of 

rigid pavement, thickness can be minimized 

while keeping or achieving the structural 

capacity. Studies additionally indicate that better 

modal base course materials and slab-base 

interfaces enable the alteration of pavement 

foundation properties to be an improved 

technique for thickness optimization using 

mechanistic-empirical procedures [17]. HPC-

based designs regularly exceed conventional 

concrete in estimated fatigue resistance and 

long-term performance forecasting precision for 

AASHTO 1993, MEPDG, and local 

requirements, according to comparative studies 

using different methods of design [17]. It has 

been established that using modern interlayer 

materials and surface treatments can improve 

load transfer efficiency as well as avoid crack 

propagation in rigid pavements [18]. 

3.2 The Reaction of Structures to Loads 

The position of the load in the expansion joints, 

stiffness, and concrete elastic modulus 

significantly influence the stress-strain state of 

rigid pavement structure under concentrated 

loads [19]. Interior loads provide lower 

maximum stress than edge and corner loadings, 

as determined by laboratory and computer 

analysis [1]. Stress magnification factors have 

also been found to vary from 1.2 to 2.0, subject 

to the loading arrangement. The use of HPC 

alters the basic response characteristics by 

increasing tensile strength and elastic modulus, 

which is typically 5–15% larger than that of 

conventional concrete. However, for optimally 

designed airfield rigid pavements subjected to 

aircraft loading, finite element analyses have 

revealed maximum vertical displacements of 

0.94 mm and horizontal displacements of 0.22 

mm and maintained stress distributions within 

acceptable operational limits given the use of 

recommended materials [1]. 

Higher stiffness base courses and subbases 

substantially decrease tension bending stresses 

and settlements, according to a considerable 

amount of literature on the influence of 

foundation materials on rigid pavement response 

[20]. A well-designed subbase can enhance load 

distribution characteristics and lower maximum 

stresses by 20–35%. Because the tensile and 

flexural enhancement provided by an HPC can 

only be fully executed when matched with 

adequate load-transfer mechanisms across all 

interfaces in the pavement system, HPC-based 

pavement systems greatly benefit from increased 

foundation support. Research took place to 

determine substantial price effectiveness without 

affecting structural reliability, such as on 

composite pavement systems with conventional 

concrete base layers and high-performance 

concrete (HPC) overlay [21]. 

4. Seismic Performance Class and Anti-

Earthquake Mechanism 

4.1 Analysis of Dynamic Action 
As mentioned before, structural damping, mass 

distribution, and material ductility significantly 

determine the whole seismic response of 

concrete structures, including brittle pavements 

[22]. It has been shown that box-shaped 

subgrade structures utilized in a high-speed rail 

respond better, but they remain far more rigid, 

and components of the structure act in these 

instances with forces orders that are magnitude 

shorter than design strength [2]. Reinforcement 

information, concrete quality, and structural 

problems that result from decreased stiffness and 

increased susceptibility to ground motion 
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amplification all have an important effect on 

how well reinforced concrete systems respond to 

earthquakes [22]. 

When comparing effectively constructed 

buildings to less durable structures, researchers 

evaluating code-conforming and standard 

specifications of concrete in seismic zones 

identified substantial improvements in story 

shear, inversion moments, displacement, and 

energy emitted. 

Higher flexural and tensile strength restricts the 

development and propagation of cracks, a higher 

elastic modulus increases the initial stiffness, 

while superior ductility features give a higher 

deformation capacity without falling apart, all of 

which contribute to the enhanced seismic 

performance of HPC [8]. Also, HPC 

formulations that include additional cementitious 

materials can bond to reinforcement more 

successfully than conventional formulations, 

giving dependable anchorage and, under some 

circumstances, reduced failure modes during 

seismic events. When compared to monolithic 

cast-in-place construction, numerous 

investigations on precast concrete structures with 

adjusted connection setups showed that well-

designed connections can achieve similar or 

better seismic performance [23]. The connection 

details included connectors with friction-

damping devices and shape memory alloy 

components, which minimized the structure's 

post-seismic permanent deformation while 

retaining its integrity [24]. 

4.2 Joint Performance and Load Transfer 

While they must facilitate thermal movement 

while offering consistent transmission of load 

capabilities, joints play an important role in the 

seismic performance of rigid pavement. The 

traditional dowel bar joint showed limits in 

preserving load transfer efficiency (LTE) for 

dynamic seismic loading with crack propagation, 

with its ability to perform well under static and 

quasi-static loads [25]. To improve load transfer 

across JRC with a 70–90% load transfer 

efficiency, a novel type of ultra-high-

performance concrete link slabs was used in 

place of the traditional dowel bars. This led to 

limited joint face deflections and lowered 

relative vertical movements between the 

adjacent slabs [25]. Compared with dowelled 

joints, experimental studies performed on UHPC 

link slabs indicated ultimate loads ranging up to 

23–88% higher and deflection reductions of 56–

81% under comparable loading conditions [26]. 

These parametric studies on UHPC link slab 

geometry have made it practical to discover the 

optimum layouts that satisfy constructability and 

structural efficiency standards. The results 

showed that slabs with joint widths of 10 mm 

should have dimensions of length (100 mm) x 

thickness (50 mm), whereas slabs with joint 

widths of 20 mm should have dimensions of 

length (100 mm) x thickness (70 m), 

respectively [26]. The average accuracy of the 

numerical simulation-based expected 

experimental load-deflection characteristics of 

UHPC link slab systems was 87% [26]. Instead 

of employing a single stud connection that 

exercises the full load-transfer capacity and 

prevents stress concentrations, the use of shear 

studs in UHPC link slabs has been adjusted to 

provide uniform load transfer with improved 

performance in terms of stress concentration 

using two studs per side [25]. 4.3 Positioning 

and Detailing of Reinforcement 

For reinforced concrete pavements and 

supported systems to have adequate seismic 

performance, adequate reinforcing specifications 

must be provided. The development length 

requirements for reinforcement employed here 

varied from those required for conventional 

concrete because the bond between concrete and 

rebar in HPC is made stronger by a somewhat 

refined microstructure and mineral admixtures 

[8]. Whereas the role of development length 

reinforcement in L-section beam-column joints 

has been proven to increase load capacity while 

decreasing deflections by more than 20% [8], the 

design of anchorage substantially highlights the 

impact on structural reliability. Due to higher 

levels of confinement that greatly improve 

ductility and energy dissipation capacity, the 

inverse relationship between reinforcement 

diameter and concrete strength has been 

confirmed across a wider range with the use of 

HPC. As a result of its high durability and 

resistance to corrosion, the use of carbon-fiber 

reinforced polymer (CFRP) reinforcement may 
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possess greater possibilities in seismic 

applications [27]. The brittle nature of failure for 

these materials requires parameter sensitivity 

and modelling beyond conventional methods, 

even though CFRP-reinforced concrete columns 

retain a significant amount of load in flexure 

[48]. However, this currently enables more than 

2.5% drift capacity per CFs in concrete-filled 

couplings [27]. Deformation capacity and failure 

modes could be imagined in greater detail with 

the development of plastic hinge theories for 

CFRP-reinforced elements, allowing for a more 

suitable seismic response analysis. Creative Use 

Cases.  

 

5. Methods for Performance Improvement 

 

5.1 Joint Innovation and Link Slabs 

To solve the problems of typical dowel bars 

while improving load distribution and durability 

performance, this study provides a new 

development in joint design for rigid pavement, 

particularly on the innovative UHPC link slab. 

On jointed plain concrete pavements, short ultra-

high-performance concrete link slabs, which 

function as expansion joints while displaying 

outstanding load distribution characteristics, 

have been successfully utilized [28]. UHPC 

specimens displayed improved joint face 

deflection, proportional end displacement in 

nearby slab joints, and maximal load capacity 

(11–23%) in improved lateral tests comparing 

UHPC link slabs to dowelled joints [28]. In 

contrast, dowelled joints' performance was 

greatly impacted by joint width and the load-

deflection performance that followed along with 

it, giving more flexibility in design range and a 

decrease in slab deformation, which was not 

seen in UHPC link slabs. For instance, design 

optimization techniques that may be utilized 

across different pavement conditions were 

outlined in the parametric analysis and finite 

element simulation of UHPC link slab joints 

done [26]. By improving the distribution of 

stress (infinite stiffness), it will ultimately reach 

the tensile strength under load at its bottom face 

under loading, causing flexural cracking to occur 

upward from the position where the loads are 

applied. This will achieve a controlled failure 

mode due to flexure while maintaining structural 

integrity and allowing for movement. It was 

demonstrated that link slab characteristics, rather 

than shear stud characteristics, controlled joint 

performance; vertical stress on studs was 

maintained below the yield strength level in all 

configurations. 

 5.2 Fiber-Reinforced and Composite HPC 

Systems 

High-Performance Concrete (HPC) equations 

have made significant use of fibre reinforcement 

to improve pavement performance, specifically 

fatigue resistance and crack control. Compared 

to control mixes, adding waste tire wire and 

mine tailings to fiber-reinforced concrete 

improved its flexural strength by more than 

200% and its compressive strength by 18.2% 

[29]. The material's capability for absorbing 

energy under impact and cyclic loading had been 

improved by increases in ductility and a 161% 

increase in flexural toughness and fracture 

energy. For stiff pavements designed in seismic 

zones, where energy absorption power and 

cracking ability are essential, such mechanical 

improvements suggest substantial advantages. 

Based on the successful implementation in rigid 

pavement slabs and the optimum ratio of 

sugarcane bagasse ash as a 10% cement 

replacement weight with the ideal addition of 

1% volume macro synthetic fibers, which 

increased ultimate load-carrying capacity by 34–

36% over control mixes, the type of macro 

synthetic fiber-reinforced HPC was selected 

[30]. The energy dissipation qualities of fibre 

reinforcement improved, increasing the service 

life of cementitious composite materials by 

distributing stress rather than producing 

localized damage. It has been shown that HPC 

reinforced with glass fibers meets seismic 

requirements for design, although it performs 

better under cyclic and monotonic loads on 

beam-column joints [6]. 

5.3 Using Computer Science to Support Eco-

Friendly and Sustainable HPC Formulations 

HPC waiting formulations utilizing waste, 

recycled materials, and industrial waste products 

have shown mechanical performance that is 

equivalent to or exceeds compositions made of 

virgin materials while providing a far lower 
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impact on the environment. In contrast to 

pavements manufactured from conventional 

Portland cement, alkali-activated slag concretes 

utilizing recycled concrete aggregate and waste 

foundry sand produced compressive strengths 

above 65 MPa while reducing embodied energy 

by 43% and embodied carbon by 76% [10]. 10% 

cement replacement improves permeability and 

lasting properties because it has been discovered 

that natural zeolite, as a substitute material, is 

suitable for structural and sustainability goals 

[14]. When material selection and mix design are 

done effectively, the use of recycled coarse 

aggregates in HPC has been shown to achieve 

better than 95% strength recovery [11]. 

However, it must be adjusted for the concrete 

mixture proportions, additives used, etc. Despite 

employing more expensive materials at the 

beginning, HPC-based rigid pavements have 

proven to be cost-effective over a significant 

service life (20–40 years) due to their extended, 

equipment-free periods and lower maintenance 

costs [14]. 

5.4 Rehabilitation and Overlay Techniques 

Reliable bonds at the interface are needed to 

ensure successful and long-term functionality 

under heavy dynamic loads on rigid airport 

pavements (Fig. 27-a) [31]. At the same time, 

ultra-thin concrete overlays have been applied 

successfully in asphalt pavements as functional 

rehabilitation measures [10]. While styrene-

butadiene rubber modified cement quartz mortar 

adhesive was necessary for interface treatment 

preparation, aircraft dynamic simulation 

investigations in landing, taxiing, and turning 

proved that the interface failed under the 

required bond strength in different aircraft 

operations. The safety factor for tensile failure 

increased from 0.69 to 1.25 with effective 

surface preparation and interface treatment, 

whereas shear resistance values increased from 

0.61 to 1.12 [31]. 

High-performance concrete carpets, in which a 

thin layer of HPC wearing course is placed on 

top of typically conventional structural massive 

layers, are the most used applications [21, 22]. 

By allowing controlled cracking in both 

directions and minimizing reflection cracking, 

this specialized architecture with no bond 

between layers (by polymer and geotextile 

interfaces) propagates damage through greater 

areas and improves service life. 

6. Future concerns include performance 

monitoring and design life. 

6.1 Longevity of Determination 
Detailed long-term (more than 20 years) data 

collection on concrete pavement performance in 

the US showed typical trends in degradation and 

confirmed designs. The Falkenberg concrete 

pavement laid in Sweden between 1993 and 

1996 had very little studded tire wear (5 mm 

after 20 years), longitudinal cracking was 

noticed in the outer wheel tracks as a result of 

base layer erosion and potentially dowel bar 

position concerns [32]. For long-term stability of 

structures, this case study highlights the 

requirement of appropriate drainage, reinforced 

detailing, and foundation design. Using 

sustainable preservation techniques like full-

depth repair, partial-depth repair, diamond 

grinding, and joint sealant replacement, the 

performance of the current concrete pavement 

restoration techniques, developed from data 

collected over 22 years, indicated a very 

acceptable level of ride quality and friction 

resistance [33]. 

Rigid pavements' potential to resist freeze-thaw 

damage is important and significantly impacted 

by the air-void system's determining 

characteristics; in fact, void frequency and 

separation factor have a greater relationship with 

field performance than air content [12]. 

Laboratory accelerated freeze-thaw tests (ASTM 

C 666-type) are more aggressive than real 

environmental exposure, and actual performance 

is often better than predicted in the laboratory, as 

shown in studies published for various concrete 

pavement projects. 

6.2 Climate Change's Impact on the 

Environment 

The determination of rigid pavements' thermal 

and flooding resilience has been receiving a lot 

of attention considering climatic unpredictability 

and extreme weather events. According to a 

study employing the FEACONS IV software, 

performance-related distress (i.e., thermal 

expansion and contraction cycles) is 

significantly affected by the weather, especially 
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annual temperature changes [34]. High 

temperatures intensify the stress caused by 

thermal expansion, and flooding conditions 

saturate the concrete and subgrade layers, which 

leads to negative effects on long-term 

performance. However, than in pavements 

constructed with river gravel or granite306, 

pavements formed with crushable porous 

limestone aggregates have demonstrated a lower 

elastic modulus and coefficient of thermal 

expansion305, indicating superior durability 

under stresses. 

Epoch-making computing structural models that 

contain ductility analysis, pitting mechanisms, 

and chloride solutions have been utilized in 

studies on the way corrosion damage and 

chloride penetration affect seismic behavior of 

RC structures [35]. The results of this study 

demonstrated that seismic capacity can be 

significantly decreased by strength reduction 

brought on by corrosion of the reinforcement, 

with building walls less resistant to strength 

degradation than bridge piers due to the detailed 

methods used when placing reinforcement. The 

drop of structural strength and displaced capacity 

with rising levels of corrosion can be accurately 

predicted by connecting climate and corrosion 

models. 

6.3 Upcoming Technologies and Research 

Challenges 

In terms of seismic application, future directions 

for HPC rigid pavements should focus on the 

following areas: (1) integration of digital twins 

and smart sensors to allow seamless monitoring, 

repair, and maintenance systems; (2) new 

constitutive laws that implement rate 

dependency and damage evolution into HPC 

systems; (3) performance evaluation under 

mainshock-aftershock sequences; and (4) field 

investigation of novel joint designs and material 

mixtures over time. 33] The application of 

artificial neural networks and machine learning 

to predict pavement performance under varying 

loading and environments offers significant 

promise for life-cycle cost analysis and design 

parameter reduction. 

 

 

7. The following comments are presented for 

developers constructing HPC stiffness 
pavements in earthquake-prone areas following 

thorough studies based on recent publications: 

7.1Materials:  

GGBFS 20–30% for earthquake resilience and 

silica fume 8–12% for optimal long-term 

durability are combined to the required concrete 

strength class C45/55 for significant uses in high 

seismic locations. 

7.2Joint Design: 

Use UHPC link slab arrangements compared to 

conventional dowel bars during new 

construction. Target for load transfer efficiency 

ratings above 80% and base joint geometry on 

the outcome of a parametric optimum study (100 

mm length × 50-70 mm thickness). 

7.3 Optional base course supplies with a 

resilient modulus (Mr) of a minimum 150 MPa 

should be used for slab-base interaction if the 

CBR is under 6% on the subgrade and micro 

surfacing is required. 

7.4Reinforcement Detailing: 

Validate that development length measures are 

suitable for major designs subjected to cyclical 

seismic loads with confinement reinforcement, 

considering consideration of the concrete-rebar 

bond properties of HPC, which allow enhanced 

anchorage reliability. 

7.5 Performance Monitoring: 

Following construction is finished, implement 

basic structural health tracking programs based 

on minimally destructive testing methods 

(ground-penetrating radar, falling weight 

deflectometer) at five-year intervals. 

7.6 Sustainability Approach: 

When standards for performance meet, aim for 

carbon footprint reductions in the 50–75% range 

while respecting structural specifications. 

Wherever appropriate, combine waste from 

manufacturing and recycled materials. 

7.7 Thermal Considerations: 

 Local environmental variables should be taken 

into consideration during engineering pavement 

systems, including provisions for thermal 

expansion and drainage systems that use thermal 

cycling to decrease moisture-related 

deterioration. 
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8. Conclusions  

For rigid pavement mechanisms in seismically 

hazardous locations, High-Performance Concrete 

is a revolutionary advancement offering superior 

mechanical characteristics, durability 

specifications, and cost-efficiency over a 

considerable design life. Additionally, all-in-one 

multi-level earthquake-resistant pavement 

construction approaches can be obtained using 

cutting-edge materials with unique UHPC link 

slab joint designs and efficient foundation 

engineering [25], [26], [3]. For HPC-based rigid 

pavements, a low w/cm ratio of 0.3–0.4 and a 

dry, improvised mix design typically culminate 

in an accelerated material cost, as indicated by a 

40% reduction in overall thickness necessary for 

satisfactory structural performance and an 

extended service life of over 40 years, with 

minimal or no maintenance [5], [14]. Several 

supplemental mechanisms, which include 

increased flexural and tensile strength, the fact 

that limits the range of cracking, increased 

ductility that raises the deformation capacity, 

improved energy dissipation properties, and 

complex microstructure that increases durability 

under severe environmental conditions, are the 

reasons for the seismic resistance of HPC rigid 

pavements [8], [22]. Sustainable compositions 

for HPC mixes produced with recycled materials 

showed environmental benefits of more than 

76% reduced carbon footprint while achieving 

structural performance features that meet virgin 

material standards, according to a new study 

[10]. By using extensive structural modelling, 

intelligent joint designs, and real-time structural 

health assessment technology, generations to 

come of earthquake-resistant pavement systems 

may be further enhanced. Innovative seismic 

elements of design added to HPC rigid 

pavements represent the most modern 

engineering solution for supplying long-lasting, 

environmentally sustainable, and economical 

pavement infrastructure serving communities 

safely and consistently over a long time amid 

extreme environmental and seismic conditions, 

as growing urbanisation increases the demand on 

transportation networks and climate change 

stresses environmental impacts. Figure (1) 

isolated literature review data summary. 

 

 

                           (a) 

 

                          (b) 

Figure 1. (a), (b) High-performance concrete (HPC) for 

rigid pavement under earthquakes: literature review 

data summary 
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