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ABSTRACT 

This review explores the use of membrane treatments and techniques in preventing cracks in roads. The 

study evaluates the effectiveness of various methods enhancing the durability and longevity of road 

surfaces. By examining the benefits and limitations of each technique, the review aims to provide insights 

on best practices for road maintenance and construction. The findings suggest that membrane treatments 

play a significant role in preventing cracks and improving the overall performance of roads. This review 

highlights the importance of understanding the mechanisms behind crack formation and the role of 

membranes in mitigating such issues. The research contributes to the field by offering a comprehensive 

analysis of current practices and recommending strategies for optimizing road infrastructure through 

effective membrane treatments.
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I. INTRODUCTION 

The earliest membrane treatment used in road surface development, developed in South Carolina more 

than 75 years ago, involved the incorporation of woven cotton layers amidst asphalt coatings to fortify the 

road surface and enhance its riding comfort. This membrane practice exhibited initial waterproofing 

benefits for the road base. In the subsequent 36 years, there has been a resurgence of interest in employing 

engineering fabric or geotextile for similar purposes. 

Reflective cracking concerns were recognized as early as 1932 by B.E. Gray and G.E. Martin during the 

Highway Research Board's annual meeting. They detailed how plain cement concrete (PCC) pavement in 

New York was successfully resurfaced with 3-inch penetration macadam. The concept gained attention in 

the mid-fifties, with a few overlay projects in Tennessee showcasing positive outcomes. A 1967 review 

of these projects indicated best performance and minimal cracking. 

The Arkansas Highway Commission, aiming to address inherent issues like reflective cracking, initiated the 

placement of overlays over old, oxidized, and cracked asphalt concrete pavement in 1969. Initial 

challenges were encountered due to insufficient qualifications and experience, but by 1973, these issues 

were resolved, leading to the development of specifications eliminating problems. By 1980, such overlays 

became routine for the Arkansas Highway and Transportation Department, recognized as the most 

successful in preventing reflection cracking.  
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May 12, 1970, the FHWA introduced the National Experimental and Evaluation Program (NEEP-10 

Project) to reduce reflection cracking in bituminous overlays. This extensive project involved testing 

various methods across the USA. 

Three types of methods have been investigated by researchers to lessen reflection cracking. The first 

involves strengthening the resurfacing layer, with unsuccessful attempts using wire mesh reinforcement. 

Increasing overlay thickness or incorporating additives and fibers for enhanced ductility proved ineffective 

in the second category. The third category is concerned with mitigating stress transfer between the 

pavement structure and the overlay by utilizing methods such as fabric interlayers or Stress Absorbing 

Membrane Interlayers (SAMI). While partially effective, this approach has presented stability issues in 

the resurfacing layer. 

 

II. Literature 

1. Asphalt concrete without reinforcement 

Majidzadeh and Ramsamooj (1973) The problem of cracking in flexible pavements under repetitive stress 

is addressed in this work by utilizing the ideas and principles of fracture mechanics. In experimental 

research, beams on elastic foundations and simply supported beams are tested under controlled strain and 

controlled stress loading scenarios. A sand-asphalt slab supported by an elastic base is also investigated. 

The paper uses a fatigue fracture development equation to give a mechanistic approach to flexible 

pavement design. The researchers claim that the material's starting defect is constant and that the loading 

technique used has no impact on the fatigue life estimate. For both beam and slab specimens, the material 

constant 'A' is found to be roughly consistent, indicating that it is an intrinsic feature of the material under 

investigation. 

Majedzadeh et al. (1971) Using the concepts of fracture mechanics, this study investigates the fatigue life 

of paving mixes while taking material same boundary conditions, geometry, and stress states into account. 

The fatigue failure linked to cracking brought on by repeated loading is the main emphasis. Two-

dimensional situations—beams on elastic foundations and simply supported beams, in particular—are 

investigated and compared to experimental data. The study explores the rules of material constants, stress 

levels, and boundary conditions that regulate the progression of damage. The results suggest that asphaltic 

mixes can be treated according to Paris' crack growth law. Interestingly, the exponent 'n' in Paris' rule 

drops below 4 for simply supported beams at high temperatures because of strong creep effects. On the 

other hand, 'n' corresponds more closely with the theoretical value of 4 for beams on elastic foundations. 

Additionally, Paris' Crack Growth Law may be used to calculate the beginning fault (co). 

Shalaby et al. (2000) This study uses the constant speed cyclic test (CSCT), an accelerated testing method 

that simulates low-temperature cracking and thermal stress, to investigate asphalt concrete's resistance to 

thermal fatigue cracking. Using a damage method, two different asphalt mixes are examined at 0°C and -

20°C under repeated loading circumstances in order to assess mix behavior and damage evolution indices. 

Asphalt concrete slabs (250 x 450 x 70 mm) were exposed to cyclic tensile loads at a speed of 0.1 mm/sec 

using a constant speed cycle test apparatus. The energy expended each cycle and the structure of particular 

loading cycles are the main points of interest. At the designated temperature, the     maximum 

displacement amplitude is set at roughly half of the failure strain discovered during stress testing in direct. 

Zhou et al. (2004) This study clarifies reflective cracking mechanisms and presents overlay testing ideas, 

with a focus on the improvements made to the Overlay tester for the Texas Transportation Institute (TTI). 

Three case studies are used in the study to verify the updated TTI overlay tester. The researchers emphasize 
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the need for a workable method for assessing reflecting cracking resistance in asphalt mixes in light of 

recent results that reflection The primary source of discomfort in asphalt overlays is cracking, not rutting. 

Using various kinds of asphalt binders, a thorough analysis of the reflective cracking resistance of asphalt 

mixes is carried out. The improved overlay tester, which uses lower beam dimensions (150mm to 375mm 

long, 75mm broad) and complete computerization for ease of operation and analysis, is developed to solve 

the difficulties involved in generating long beam samples. A cyclic triangle waveform, a controlled 

displacement mode, and a loading rate of one cycle every ten seconds are used during the room temperature 

tests. The strain rate roughly corresponds to the displacement that pavements made of ordinary cement 

concrete undergo when their temperature changes by 20°C and their joint or crack spacing is 4.5 meters. 

Results of tests conducted on field-collected samples from pavements with different ages and traffic 

conditions show good agreement with field observations. According to the study's findings, the upgraded 

overlay tester can successfully differentiate between various asphalt mixtures in terms of reflective 

cracking resistance. It also found a noteworthy correlation between the type of asphalt binder and reflective 

cracking resistance, suggesting that softer binders are more resistant to reflective cracking than stiffer 

binders. 

Ramsamooj (1973) In order to best understanding the phenomena of reflection cracking in pavement 

overlays, this study will concentrate on the beginning and development of cracks in the underlying layer 

that are impacted by temperature fluctuations and recurrent traffic stress. A thorough solution approach is 

developed by utilizing concepts from both the theory of delayed fracture in viscoelastic materials and 

Linear Elastic Fracture Mechanics (LEFM). The analysis comes to the conclusion that reflection cracking 

can be successfully controlled by the overlay's design. A fracture mechanics-based overlay design approach 

is put forth, with a focus on the significant influence of temperature-induced stresses on the rate of crack 

propagation in the pavement structure. 

2. Asphalt concrete with reinforcement 

Additives can be used to reinforce asphalt concrete (AC). to the mix during mix manufacture or by putting 

a membrane interlayer between layers of AC. Sulfur is one of the additives that alters the viscosity-

temperature connection of the AC mix, increasing stiffness for summer temperatures, decreasing the 

chance of rutting, and minimizing stiffness in cold conditions to prevent winter reflection cracking. 

Experiments have been conducted with a variety of additives, such as metal, carbon black, and asbestos 

fibers. Field trials using 6.0% by weight of polypropylene fibers showed significant resistance to reflection 

cracking and better resistance to water penetration. But this course of process turned out to be unfeasible 

financially. 

Interlayer systems are thought to strengthen certain pavement layers in applications using asphalt concrete 

by boosting stiffness and tensile strength as well as improving strain energy absorption between pavement 

layers. 

(Vallerga et al., 1980) Since its implementation in the early 1970s, the Stress Absorbing Membrane 

Interlayer (SAMI) has consisted of a membrane that is cast in place using a mixture of rubber and asphalt 

cement. This membrane is commonly between 9 and 13 mm thick. Generic SAMIs that use different 

binder blends such as asphalt cement and fibers (like polyester, polypropylene, or styrene butadiene 

styrene) instead of asphalt-rubber are among the most recent innovations. Interlayers of paving cloth are 

typically 2 to 4 mm thick. 

It is imperative that asphalt concrete incorporate geosynthetics as an interlayer system, especially in the 

top layers where tensile strain is highest. Layers of fabric help to waterproof the pavement structure against 
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surface water incursion into an AC overlay and delay or avoid reflection cracking. Notable is the low 

stiffness geosynthetics' capacity to dissipate strain energy through interlayer deformation. The overlay 

system's mechanical strength is improved using high stiffness textiles. Applying geocomposite membranes 

with the right thickness and characteristics greatly postpones the bottom of the overlay crack from forming. 

But other failure modes—such overlay fatigue, for example—must also be taken into consideration since 

they need the reinforcing of interlayer materials, including geosynthetics. 

Dykes (1980) The investigator emphasizes how important it is for fabric interlayers— namely, nonwoven 

polyester and polypropylene—to endure temperatures as high as 150°C during installation in order to 

reduce reflection cracking. It is indicated that for cracks less than 

3.2 mm in width, sealant treatment is not essential. One important feature that affects how well the fabric 

reduces reflection cracking in plain cement concrete (PCC) slabs is the degree of 

stability. The research findings indicate that the fabric interlayer is more successful in preventing loading-

induced cracks than it is in preventing cracks that arise from thermal effects at low temperatures or PCC 

joints. A warning remark is also included, highlighting the fact that a fabric interlayer should not be used 

to make up for deficiencies in pavement design. These results shed light on important factors for the actual 

implementation of fabric interlayer performance in the field and further our understanding of it in relation 

to reduction of reflection cracking. 

Colombier et al. (1986) With an emphasis on testing geotextile-interlayer mixed with asphalt cement in a 

laboratory environment, the inquiry explores the mechanisms behind reflection cracking as well as the 

origin of road-base cracking. The effectiveness of an effective interlayer is evaluated using a new apparatus 

that uses a shearing test that is carried out in the interlayer's plane at two different speeds and temperatures. 

The test conducted at a low temperature and speed is intended to duplicate the effects of thermal shrinkage, 

whereas the test conducted at a high temperature and speed simulates the impacts of traffic loads. The 

investigator concludes that the interlayer should show maximal deformability at low temperatures and 

higher stiffness under traffic loads. The optimization of interlayer properties for increased resistance against 

road-base cracking and reflection cracking mechanisms is made possible by this nuanced understanding of 

the interlayer's performance under various conditions. 

McGhee (1979) A 6 mm thick layer of sand was applied on either side of joints or cracks, followed by an 

asphalt-emulsion tack coat (0.23-0.46 l/m2) and overlaid with asphalt concrete (AC) (59-95 kg/m2). The 

purpose of the field studies was to clarify the mechanisms of reflection cracking on asphalt concrete 

overlays over jointed plain cement concrete pavements. The results showed that the performance of the 

sand layer varied from very good to very poor. Using a different method, a 0.9 m wide strip of cloth was 

coated with 1.1 l/m2 of tack coat, let to cure for 12 hours, and then covered with 68 kg/m2 of AC. The 

study aimed to evaluate these interlayers' reaction to joint motions, both vertically and horizontally. The 

investigator discovered that differential deflections caused by wheel loads concentrated shear stress, which 

in turn caused reflection cracking at treated joints. It was observed that the frequency of wheel loadings 

and the size of vertical movements (differential deflections) were connected with the pace of fracture 

formation. High-strength textiles and sand bond breakers did not work well to reduce reflection cracking 

in circumstances where there were noticeable differences in vertical joint motions. The research 

highlighted the correlation between 

increased load transfer capacities and a decreased likelihood of reflection cracking. Nevertheless, no 

interlayer approach showed effectiveness in avoiding reflection cracking if the differential deflection was 

more than 0.20 mm. 
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Joseph and Hass (1989) In order to evaluate the mechanisms and variables driving reflection cracking in 

pavement constructions, the study combines the Wide-Crack Band Theory with the finite element 

technique (FEM). The investigation of alternative therapies is done, and the related testing and analytic 

procedures for treatment assessment are spoken about. Modulus, Poisson's ratio, and thermal coefficient 

are examples of material qualities taken into account for the "Blunt or Smeared or Wide-Crack Band 

Theory." Together with glass grid and geogrid interlayers, the study also assumes a soft layer. In the 

analysis, a temperature gradient is introduced that goes from -28.5 oC at the surface to -10.8 oC at a depth 

of 157 mm. The pavement section's reinforcement, or geotextile, is represented by discrete bar elements. 

The bar element data includes cross-sectional area and elastic modulus. The modelling criteria, which 

include the stress-intensity factor, critical strain energy, and maximum stress, are guided by fracture 

mechanics. The study recommends combining the use of energy and strength criteria, using the latter to 

create design charts based on experimental data and the former for preliminary analytical screening to 

identify viable treatments that are successful. The researchers stress the need for both analytical and 

experimental assessments when vetting possible crack reflection treatments and making sure that 

appropriate construction procedures are followed after the best treatment is chosen. 

Lytton (1989) This work explores the function of geotextile in asphalt concrete overlays and presents a 

fracture mechanics-based design equation for overlay thickness. Extensive testing covers geotextiles with 

low and high rigidity, including glass fabrics, polypropylene grids, and glass grids. We explain the three 

different ways that geotextile is used in asphalt concrete overlays: undersealing, strain relief, and 

reinforcing. Fracture mechanics is used in crack growth prediction, which results in the creation of an 

overlay design computer software. The study highlights changes brought about by the inclusion of 

geotextile and displays the fracture characteristics of asphalt concrete under fatigue loading and thermal 

contraction conditions. For the purpose of strengthening behavior and waterproofing effectiveness in the 

event of crack reflection, optimal tack coat application is stressed. When used with the right building 

methods and material attributes, geotextiles can slow down or stop cracking. Reflection cracking is 

postponed by geotextile, which acts as a strain or stress reliever based on its elastic stiffness in relation 

to asphalt concrete. Redirecting reflection cracking using reinforced geotextile postpones its 

manifestation forever. The study offers cautious recommendations for pavement circumstances when 

geotextile efficiently extends overlay life. Geotextile's shearing efficiency is dependent on a load efficiency 

factor more than 0.8, and its thermal opening performance is limited to 0.76 to 1.78 mm. The results 

highlight how versatile geotextile is in improving overlay performance in a range of scenarios. 

Button (1989) This research includes four field studies that explain the design and functionality of 

geotextile interlayers intended to delay reflection cracking. Nine different commercially available 

nonwoven fabrics made of polyester or polypropylene, as well as one woven fabric with a polypropylene 

or polyester composition, were investigated. The process includes cold milling when needed in addition 

to repairing damaged areas of the existing pavement to address isolated failures. Asphalt tack coat is evenly 

placed at rates ranging from 90 to 180 l/m2 prior to the application of any mitigating strategy. In test 

portions, the cloth is laid out throughout its whole width and then covered with a hot-mix asphalt overlay. 

The field performance of these test sections is assessed under a range of traffic situations for durations of 

up to nine years. Average daily traffic ranges from 3400 to 19500, and the percentage of trucks varies 

from 24.1 to 3.4 among the individual projects. The results show that although none of the tested textiles 

exhibits complete resistance to reflection cracking, there is a noticeable two to three year delay in the onset 

of reflection cracking. Additionally, materials that have been appropriately soaked show excellent 
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resistance to water flowing across their surfaces. 

Barksdale (1991) Using ideal tack coatings of either asphalt cement or emulsified asphalt, this study 

examines the behavior and application of heavy-duty membranes and paving textiles in pavement 

restoration. It covers a variety of materials, including fabrics, membranes, polymer, and glass grid. Prior to 

fabric placement, a number of necessary preliminary steps were determined, such as leveling or scratch 

courses, cold or hot milling, sealant treatment for broader joints, and patching. The research explores the 

underlying factors that impact fabric performance and provides information on laboratory testing 

procedures designed with paving textiles in mind. There includes a full discussion of cost comparisons and 

life-cycle cost factors. The researcher comes to the conclusion that using textiles works best when done as 

soon as pavement degradation starts. The degree of joint mobility is shown to be closely connected to the 

success of putting textiles on rigid platforms. By taking into account both material qualities and 

performance factors, this thorough research offers insightful advice on how to apply paving textiles and 

heavy-duty membranes in pavement repair as efficiently as possible.    Francken and Vanelstraete (1993) 

described the rheological behavior of overlay systems is examined in this work, with a specific focus on 

how a pavement structure with a membrane interlayer that contains a pre-existing discontinuity in the base 

layer responds to changes in external temperature, especially at low mean temperatures. In discussing the 

requirements for crack initiation and the process of thermal crack development, the importance of the 

bitumen binder and aggregate composition on the asphalt mix's tensile strength is highlighted. An 

analytical model is developed for the thermal stresses caused by temperature change in the asphalt mix. 

The paper analyses stress concentration over pre-existing discontinuities using stressed concentration 

factors obtained from 2D modelling, showing that overlay stresses can be important even for modest 

average base layer stresses. The article describes experimental setups that simulate thermal cracking, 

including testing an asphalt overlay model at regulated temperatures of -5oC and -10oC, which expanded 

the discontinuities that already existed. The determination of strength parameters was made possible by 

observations of displacement and tensile force at the overlay's base. The interlayer system, according to 

the researchers, has a favourable impact on the stress distribution surrounding the discontinuity, improving 

the capacity of the layers to deform independently while yet preserving a suitable link. 

Courard and Rigo (1994) This work uses both experimental and computational approaches to evaluate the 

performance of a geotextile interlayer impregnated with bitumen as an anti-reflective cracking solution. 

The behavior of the bitumen-impregnated geotextile and the visco-elastoplastic characteristics of the 

bitumen are found to be directly correlated by the researchers. The best explanation is found in the 

Boltzmann model, which explains how temperature variations affect the dashpot parameter and allow for 

viscous deformation, whereas traffic loads puts stress on the elastic component since viscous effects take 

time to manifest. In conclusion, the kind of geotextile appears to be less important if it is incompressible; 

on the other hand, the type of binder and proportioning become important considerations, supporting the 

usage of modified bitumen. The study emphasizes the requirement of reducing vertical shear motions prior 

to applying an interlayer because of their negative effects on the interlayer. This thorough analysis offers 

insightful information on the complex interactions between binder qualities, material properties, and 

outside factors that affect bitumen-impregnated geotextile's effectiveness as an anti-reflective cracking 

system. 

Maurer and Malasheskie (1989) In order to evaluate the efficacy of several treatments, such as textiles, 

fibers, and other materials, in reducing reflection cracking in asphalt concrete (AC) overlays, the research 

performed field testing. For a composite pavement with a 62mm AC overlay over Portland Cement 
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Concrete (PCC), four paving fabrics, a fiberized asphalt membrane, and fiber-reinforced asphalt concrete 

were tested. While the middle portion of the pavement had a flexible foundation, the rest of it showed signs 

of block breaking. Base repair, patching, and scratch course were examples of early repair techniques that 

greatly aided in the early reduction of cracks but had little influence in the long run. There were issues 

with the placing of the fabric, such as wrinkling and inadequate tack coat application; heat-bonded fabric 

presented even more building challenges. The least expensive and most flexible choice in terms of 

operation was fiber-reinforced air conditioning. Performance information gathered eight, twenty-six, and 

forty-four months after construction showed that all treatments slowed the onset of cracks during the 

assessment period. Nevertheless, it turned out that none of the therapies were economical. In order to 

accurately correlate relative performance, the investigator stressed the crucial need of stringent quality 

control, as well as the correct identification of pavement base conditions and preparatory treatments. Even 

when cracks were seen to be delayed, it was still difficult to determine which treatments were most cost-

effective. 

Kief et al. (1994) This work uses the finite element method (FEM) and laboratory testing to provide design 

parameters for bituminous membrane technology targeted at delaying reflection cracking. In order to 

replicate flexible bases, four different varieties of bituminous Polypaz felts were examined using an elastic 

rubber beam basis. The goal of the laboratory study was to mechanically replicate the spread of fatigue 

cracks in asphaltic mixes with bituminous membranes and correlate the process with the quantity of load 

applications. Sand- asphalt mixtures and beams with various bituminous membranes were used in the 

testing. The analytical model employed FEM to associate the stress intensity factor with crack propagation. 

It was based on experimental geometry, configuration, and material parameters. The researchers come to 

the conclusion that parameters of the membrane, including thickness, modulus of elasticity, and modifier 

content in the bitumen mass, affect the fatigue life. Importantly, for the interlayer to have a meaningful 

impact on fatigue life, its stiffness needs to be significantly less than that of the asphalt concrete. Important 

information from this study may be used to optimize bituminous membrane design and increase the 

resilience of asphalt overlays against reflection cracking. 

Austin and Gilchrist (1996) With a case study included, this work focuses on laboratory testing that came 

after the creation of a unique geocomposite meant to reduce reflection cracking. At the geogrid nodes, a 

thin nonwoven polypropylene geotextile is stitch-bonded to 

a geogrid using thermal bonding to form the geocomposite. The experimental arrangement consists of a 

rubber base on top of a plywood support with a 10 mm gap, mimicking a joint or fracture in the pavement. 

Asphalt concrete (AC) slabs are adhered to the plywood support using tack coating. Next, a 20 mm thick 

AC surface coated with either a rich bitumen emulsion or straight 200 pen bitumen is covered with a 

geocomposite that is rolled under mild strain. The slabs are subjected to trafficking with a 3 kN moving 

wheel load. Findings show that, in comparison to the control slab (1700 wheel passes), the reinforced slab 

needs much more wheel passes (4600) for the fracture to penetrate the first 20 mm thick AC overlay. 

Moreover, the reinforced slab shows exceptional resilience for total failure, needing 25000 wheel passes, 

while the control slab gives up after 3300 passes. This study reveals how the geocomposite may improve 

the overall performance of asphalt overlays and delay reflection cracking. 

DaSilva and Confre (1994) This analytical study uses plausible assumptions and basic laws including 

Hook's Law, Paris' Law, and the Energy Conservation Law to examine the use of nonwoven geotextile in 

asphalt resurfacing of cracked pavements. The research presents the notion of the 'Fabric Effective Factor 

(FEF),' ascertained by means of these rules and conjectures, denoting the increase in the longevity of an 
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asphaltic coating. The results show that wire mesh and other alternatives are not as effective as geotextiles 

as they are as membranes. Interestingly, their significant efficacy is only shown between 40 and 70 mm 

in overlay thickness, and it disappears completely over 100 mm. This work offers important new 

information on how nonwoven geotextile may be used to improve the longevity and performance of 

asphalt overlays over cracked pavements. It also establishes a foundation for determining the ideal overlay 

thickness. Goulias and Ishai (1999) Using a pneumatic moving wheel experimental setup, this study 

examines how well a polymer square-net geogrid inhibits the spread of cracks. Dense graded hot mixed 

asphalt concrete (HMAC) was combined with the geogrid, which has a modulus of 37894 kg/m at 2% 

elongation and around six strands per linear foot. With a pneumatic loading wheel assembly measuring 38 

cm in diameter, 10 cm in breadth, and 70 cm in linear movement, the study evaluated how well the geogrid 

prevented cracks from spreading and ruts from developing under repeated dynamic loads. The dimensions 

of the structure are 20 cm wide, 8 cm thick and 100 cm long. Samples are loaded at a rate of 50 hubs per 

minute. The 7.5 cm thick double-layer neoprene sole mimics the granular layer below. The asphalt sheet 

model performed better when geogrid was used as a tension medium and 200 g/m2 adhesive was used. 

The high tensile strength of the geogrid distributed the concentrated stress and operation of the root-

initiating crack tip, increasing the number of wheel cycles required for crack propagation by 200% 

compared to the unreinforced section. Additionally, it only takes 6 to 15 percent of the entire lifespan to 

reach crack overlap. 

Buttlar et al., (2000) This study examined the non-woven polypropylene paving textiles' cost-effectiveness 

in relation to asphalt pavement restoration. A hot-applied asphalt cement binder was used to coat 

deteriorated rigid pavements in Illinois. This method is now common. By analyzing the data from 52 

projects, it was determined that longitudinal reflective cracking was significantly slower than transverse 

reflective crackeding. The use of fabric treatments on the pavement for strip and area applications is 

expected to enhance rehabilitation life spans by 1. 1 and 3. 6 years, respectively. Cost-effectiveness was 

noted, with life-cycle costs expected to be reduced by 4.4% for medium quantities and 6.2% for large 

quantities, with small quantities reaching a break-even point. The study did find statistically negligible 

life-cycle advantages, though. On highly damaged transverse joints, limited permeability tests indicated 

some waterproofing advantages even after crack reflection. Although crack reflection did not decrease in 

comparison to untreated regions, serviceability did typically improve with area treatment. 

De Bondt (1997) The goal of this extended research is to create a simulation tool for crack propagation in 

overlays and to have a thorough knowledge of reflection cracking processes. Testing in the lab and in the 

field supplied crucial data for study. The study evaluated several overlay solutions for various pavements 

under traffic and environmental loadings using 2D and 3D Computer Aided Pavement Analysis (CAPA), 

a finite element algorithm. In order to investigate the origins of crack reflection, mechanical models were 

created, taking into account common discontinuities as initiators. The study examined the methods for 

postponing or avoiding reflective cracking in asphalt overlays using various substitutes. A Finite Element 

Method (FEM) model for anti-reflective cracking treatments under various field situations was provided, 

and modelling features were also included in the study. The reaction of interfaces between layers was 

investigated utilizing Interface Shear Test Equipment and FEM findings due to the multi-layered 

construction of pavements. The study made clear how important it is to use accurate finite element 

modelling to assess if overlay options can effectively stop the cracking process. The traditional multiplayer 

method is considered insufficient, and a detailed analysis of current pavement structures is necessary for 

the design of anti-reflective cracking overlays. The effectiveness of the advanced tool-based anti-reflective 
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cracking overlay system design depends on strict quality control. 

In a research study, Dempsey (2002) examined the performance of interlaminar stress- absorbing 

composites (ISAC) using laboratory tests. The upper layer of the ISAC system is made of ultra-high 

stiffness geotextile, with the viscoelastic membrane layer as the core and the lower geotextile layer as the 

lower layer. The composite material is deliberately placed at the junction of concrete cement (PCC) panels 

and asphalt concrete pavements. The junction slowly opens and closes to repeat the thermal process in a 

controlled environment of -1.1°C. The results showed that with the addition of ISAC, strains in the asphalt 

concrete pavement decreased and cycles to failure increased significantly. ISAC materials especially act 

as a base isolation layer in the pavement coating system, reducing the effect of the movement of the old 

road below. 

Cleveland et al. (2003) developed a method to evaluate the effectiveness of various geosynthetic products 

developed through research and subsequently validated in the laboratory. Apply the concepts of mechanical 

stress and pseudo-strain strength based on the elastic- viscoelastic compatibility law. Six different 

geosynthetics, asphalt adhesive coatings, and thin- grade hot mix asphalt (HMA) concrete were tested. The 

materials were evaluated under tensile loading simulating heat stress in the Texas Transportation Institute 

(TTI) pavement testing machine. The beam is made of high quality HMA compound (20x6x5 inches) with 

a depth of 5 inches. The test specimen is a beam with a gap of 2 mm, indicating the presence of cracks. 

Formulas have been proposed to predict crack development. The researchers concluded that the 

viscoelastic J-integral was a more effective predictor of damage than stress intensity or exercise intensity. 

Compared to weak structures, networks and composites generally outperform textiles, and textiles 

outperform thinly bonded substrates. The results showed that simply adding a thin layer of adhesive 

extended the life of the coating where geosynthetics had failed. 

Palet et al. (2003). The above method was used to model the joint of cement concrete with 8 mm joints, 

simulating pavement cracks and joints. The effectiveness of patching joints or cracks using 60/70 asphalt 

or rubber-modified bitumen (CRMB) was also investigated. A simulated white cement concrete (PCC) 

beam supported by springs was placed at the center of the sample beam. The use of impact loads is used 

to monitor the onset of cracking and its propagation to failure. Using the 60/70 asphalt process for asphalt 

concrete (BC) and rubberized asphalt concrete (RBC) mixture increased fatigue life by five and four and 

a half times, respectively. Interestingly, even after 50 hours of continuous monitoring, no cracks appear in 

the beams when the cracks are sealed with asphalt rubber. 

Shukla et al. (2004) reported the laboratory studies was to evaluate the performance of jute fabric interlayer 

in preventing reflection cracking by contrasting it with that of geosynthetic interlayer. A controlled strain 

fatigue test of a flexural beam at different strain levels was carried out. Jute fabric's suitability for asphalt 

reinforcement was assessed using specialist tests, such as asphalt retention, stripping test, and melting 

point test, in addition to conventional testing like tensile strength. In the investigation, one kind of synthetic 

fabric and four varieties of jute cloth were used. To make asphalt concrete beams, bituminous concrete 

(BC) mix with 60–70 pen bitumen was utilized. Jute fabric was added at 1/2, 1/3, and 2/3 of the way down 

from the top. Jute offered 50% better fatigue life in the second and third depths than at other depths, 

according to the fatigue life cycle, which is defined as the number of cycles required to lose 50% of the 

initial stiffness. Interestingly, jute performed almost as well as synthetic fiber, showing strength that was 

on par with it. Even after 48 hours, the Stripping Test in water containing 10% salt revealed no evidence 

of stripping 

Kim and Buttlar (2002) The research utilized an advanced analytical methodology to examine how an 
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overlay system behaved under different loading scenarios. The research included realistic traffic, ambient 

stress conditions, and a viscoelastic constitutive model using state-of-the-art nonlinear 3D Finite Element 

Modeling (FEA). Glass fiber reinforcement and a base insulating interlayer mixture were both components 

of the system under investigation. The analytical approach made the assumption that a flexible pavement 

with transverse, longitudinal, and block cracking up to a depth of 50 mm would first undergo cold milling. 

A 50 mm deep depression was created via targeted milling that was performed after each thermal fracture 

was found. The suggested reflective crack control system for a taxiway was the subject of a thorough 

analysis that took into account combined loading, critical cooling temperature, and aircraft loading. The 

results showed a considerable reduction in tensile and shear stresses due to the base isolating interlayer 

underneath the asphalt overlay. The overlay and interlayer critical stresses were mostly related to loads, 

and they were more severe at critical cooling temperatures. Comparing the idea of superposition to 

combined loading scenarios, satisfactory findings were obtained. Unless there was severe interlayer 

yielding or fracture, the Glass-Fiber reinforcement had no effect on the overlay reaction. 

3. Concrete with Open Graded Asphalt 

In structural engineering, the main factor for a fracture to propagate is the concentration of energy near 

the crack's tip. In order to slow down or stop the propagation of cracks, it is essential to mitigate this 

concentration by releasing energy at the fracture tip. The design and operation of Open Graded Asphalt 

Concrete (OGAC), often known as Crack Relief Layer (CRL), are emphasized by this approach. The 

purposeful engineering of OGAC results in a porous structure with large, interconnected air voids that are 

created by gap-grading aggregate materials. As a result, OGAC has plenty of empty space and a high 

porosity. This design principle is based on the idea that these voids help to release the energy that has 

gathered at the fracture tip, which prevents the tension from building up and spreading the crack. Because 

of their very nature, voids prevent motion from being transmitted, which helps tensions to dissipate. 

In real-world applications, OGAC is strategically used to reduce reflection cracking that is frequently seen 

when new asphalt layers are applied on top of existing plain cement concrete (PCC) pavements. As the 

first course in an overlay system, OGAC serves as a barrier to reduce the amount of cracks that spread from 

the new asphalt surface to the PCC pavement underneath. OGAC layers are typically built to a thickness 

of 90 mm (3.5 inches) and have a 25–35 percent void content. All of the material in the aggregate is 

crushed to a perfect consistency. 

Because of its extensive void structure, OGAC efficiently absorbs differential motions from the underlying 

pavement and prevents them from propagating to the overlay. This is why it is useful in decreasing 

reflection cracking. In order to maintain the integrity and functioning of the OGAC layer, it is imperative 

that it is combined with a drainage system to permit the effective evacuation of water, hence ensuring 

optimal performance. 

Notably, the Italian Air Force's 8th Group Field Engineers at ISTRANA Airport in Treviso during a 1978 

overlay project successfully applied OGAC, especially in the context of minimizing reflection cracking on 

PCC pavements. Their use of 20 mm aggregate size with a minimum of 20 percent void content, together 

with extra thickness where cracking is likely to occur, is an excellent example of how to strategically apply 

OGAC to improve protection against reflection cracks. Hensley (1980) Field observations about the 

mitigation of reflection fractures in road pavements with the use of Open Graded Asphalt Concrete 

(OGAC) layers for overlaying emphasize the need of careful procedures such removing deeply pitted and 

cracked areas, compacting the damaged pavement with a 50-ton roller, applying asphalt undersealing, and 

setting up efficient drainage systems. using three different types of mixes, A, B, and C, depending on the 
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top size of the aggregate; A and C have void percentages of 35 and 22, respectively, and a consistent 

minimum thickness of 90 mm. Following the application of the OGAC layer, a 51 mm thick binder course 

comes before a 25 mm thick wearing course. Type A and Type C mixes use 1.6% and 2.5% of tougher 

grade asphalt composition, respectively. Positive results were seen over a 25-year span, including extended 

overlay longevity, lower maintenance costs, improved riding quality, and less environmental effect as a 

result of surface course sealing. Later, in 1989, the Asphalt Institute in the United States released Technical 

Bulletin No. 4, which included useful recommendations for grading standards and design considerations 

with the goal of avoiding reflection cracking. 

Chen et al. (1982).-quality asphalt concrete (SAMI) layer. . Finite element studies of linear elastic planes 

confirm empirical field measurements. The analysis results revealed important information. (a) Maximum 

shear and effective stress occur when the simulated truck is fully loaded on one side of the crack; Three 

layers of asphalt rubber coating are used to reduce the impact of the line. Cracks in Arizona are represented 

mathematically by the following formula: Cementitious concrete (PCC) paving layer generally coated 

with Open- grade asphalt concrete (SAMI). Finite element studies of linear elastic planes confirm empirical 

field measurements. The analysis results revealed important information. (a) Maximum shear and positive 

stress occur when all of the simulated truck loads are concentrated on one side of the crack. Arizona uses 

the asphalt concrete (SAMI) three-layer asphalt-rubber pavement method to reduce the impact of crashes 

on hard pavements. Validated empirical response measurements of linear elastic plane modes were 

investigated using finite elements. Analysis results provide important information. (a) Maximum shear 

stress and positive stress occur when the simulated load is completely concentrated on one side of the crack. 

Sherman (1982) This study presents the theoretical approach and results of various field experiments 

conducted under the National Experimentation and Evaluation Program (NEEP- 10 program). In the 

United States, several types of treatments are used, including fabric interlayers, low viscosity asphalt 

concrete interlayers, open-grade asphalt concrete bases, gravel or gravel interlayers, stress-relieved asphalt 

rubber interlayers, precast fabric membrane strips, fabric interlayers. has been examined., etc. Surface 

applications include coating, use of rejuvenators, heat treatment, crack filling, sub-base insulation, 

crushing and sealing and recycling. Before employing mitigating strategies, plain cement concrete 

overlays were used in preliminary trials. The paper also addresses theoretical methods for developing 

systems that delay reflection cracking, highlighting the necessity of more study and field testing to confirm 

and improve these methods into workable design solutions. 

Nagato et al. (1996) reported a laboratory study examining the performance of strain- absorbing membrane 

interlayer (SAMI) coatings under cyclic tensile and compression loading conditions. SAMI has an open-

grade asphalt mix and a 30 mm thick layer of styrene butadiene styrene (SBS) modified bitumen. The 

current pavement cracking rate is 75% and an open-grade asphalt mix with an assumed void content of 20% 

to 25% should be used. The mix is designed to increase strength by using a combination of aggregates, 

reduce stress and filtration by using voids and asphalt viscosity. A wheel load with a contact pressure of 

720 kPa was used on a rut measured in a 30°C environment. The overlay with SAMI, as opposed to a basic 

overlay setup, demonstrated four times more resistance to wheel passes, according to the results. 

Moreover, field measurements made over a five-year period demonstrated an astonishing lack of surface 

cracking, supporting the SAMI-integrated overlay's effectiveness in reducing pavement distress. 

Bangia et al. (1999) For the wearing course, bitumen with a tougher grade (60–70) was used. A new overlay 

of a 65 mm thick CRL was placed on top of a 50 mm layer of bituminous concrete (BC) and 65 mm of 

bituminous macadam (BM). The efficacy of the CRL approach in minimizing reflective cracking was 
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attributed by the investigator to the strict adherence to quality measures and correct building processes. 

The research also emphasized how important adequate drainage is to the CRL system's efficient operation. 

Nataraj and Meer (2000) conducted a full triaxial test to evaluate the capability of the airport pavement 

crack mitigation layer (CRL) at Al Jouf Airport, Saudi Arabia. Test results show the effectiveness of using 

CRL. CRL uses an open grade mix with more than 20% air voids and contains PEN 60-70 asphalt. Triaxial 

testing of the composite cylindrical structure under cyclic stress showed a wheel load of 27 tons and a tire 

pressure of 1.4 MPa for the MD- 11 aircraft (275 tons). Measurements were made at 50°C and 60°C with 

0.4MPa (1Hz) closed cycle and 0.6MPa (1Hz) variable cycle. Even with a large initial vertical strain, the 

CRL specimens only experienced modest permanent deformation over time—less than 1% was still visible 

after 7200 load cycles. These findings confirmed the CRL's position as a structurally essential layer of the 

pavement system by highlighting its capacity to support large airplane loads without rutting or traffic 

densification. The remarkable longevity and effectiveness of the CRL were further confirmed by field 

performance during the previous four years. 

Haney et al. (2003) evaluated open-grade concrete interlayers in cement-stabilized pavement foundations 

through field tests and full-scale accelerated pavement tests. Instead of applying hot mix asphalt (HMAC) 

directly to a cement stabilized base, this method places HMAC on top of a 100mm concrete interlayer. 

The shrinking of the cement stabilized bases caused tensile stresses, which were absorbed by the stone 

interlayer. Using May Ride Meter, High-Speed Road Profiler, and non-destructive testing (NDT) 

techniques, performance monitoring over a 10.2 year period produced encouraging results. Of particular 

importance was the method's ability to delay reflection cracking and maintain structural integrity in regions 

with soft, saturated subgrade soils. Through accelerated pavement testing, these results were convincingly 

validated, confirming the effectiveness and robustness of the suggested technique. 

4. Propagation of cracks in mixed modes 

Luther et al. (1976) The work investigated a mechanistic way to examine and confirm the behavior of 

reflection cracking, Techniques use the finite element method (FEM) and mixed mode fracture strain 

energy density factor. Researchers study crack development and propagation in mixed load modes and 

examine the shortcomings of empirical analysis methods. The study's first phase concentrated on traffic-

induced stresses and the selection of a suitable fracture mechanics theory to explain the damage brought 

on by these forces using laboratory slab testing. A thorough investigation was carried out to see whether 

fracture mechanics might be used to the logical understanding of reflection cracking. Through laboratory 

tests on asphalt beams under various stress scenarios, the asphalt overlay's fatigue life was ascertained. 

The obtained formula for According to Sih's "Strain Energy Density Factor," reflection cracking is a type 

of multimodal fatigue fracture of the asphalt overlay over underlying fractures for fatigue life. For the most 

part, this fracture involves modes other than Mode I since the bottom of ordinary asphalt overlays is 

compressed. The strain energy density factor provided an effective description of the two-dimensional 

development rate of reflection cracking. 

Dumas and Vecoven (1993) Using a shrinkage-bending test device, the study methodically investigated 

the efficacy of many anti-crack solutions, such as slurry, grated thick binder membrane, paving fabric 

interlayers, a layer of high-content filler and binder sand (rich sand), and geogrid. All of these interlayers 

were covered with asphalt concrete, and the test also replicated high traffic loads and thermal contraction 

of the pavement. In order to imitate high traffic and heat contraction, a moveable plate was carefully 

opened at a frequency of one hertz (Hz), and the deflection was tracked at two millimeters. The test was 

carried out at a constant temperature of +5oC, and the outcomes were contrasted with those of a typical 
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asphalt concrete that was 6 cm thick. Notably, rich sand slowed down the propagation of cracks, whereas 

paving cloths showed delayed fracture initiation. The actions of the The characteristics of rich sand (having 

a slow crack propagation speed) and paving fabric (having a high start time) were merged in the binder 

membrane. Paving cloth interlayers showed their tenacity by continuing to function normally even after 

the asphalt concrete overlay had cracked. 

Pais and Pereira (2000) By using a reflected Cracking Device (RCD) in displacement control experiments, 

the study suggested a unique technique for evaluating the fatigue life of an overlay caused by reflected 

cracking. Using controlled displacements, the RCD, which was outfitted with both horizontal and vertical 

actuators, worked on specimens made up of 50/70 penetration grade bitumen and densely graded 

bituminous mixes with a maximum aggregate size of 25 mm. Tests on specimens with different 

thicknesses (40mm, 50mm, and 60mm) were performed at a frequency of 10 Hz at a temperature of 20oC. 

The horizontal crack activity was adjusted to 10% of the vertical crack activity, and vertical crack activity, 

ranging from 0.0085mm to 0.0102mm, were detected. In order to accelerate testing, the horizontal fracture 

activity was raised in proportion to the thickness of the overlay. The tired, reflecting cracking Life was 

analyzed systematically by utilizing a coefficient CDR to determine the decrease in stiffness at the point of 

failure, resulting in the development of a mechanistic-empirical approach for constructing pavement 

overlays based on reflected cracking standards. 

 

III. Critical evaluation 

As a result of the literature review, it was determined that the following areas required further research. 

1. Since asphalt concrete differs from viscoelastic mixture, the use of extensive testing in fields or on 

intended asphalt concrete mixture will provide better test results and accurate simulation of the fracture 

process. 

2. Particularly for testing large-scale asphalt concrete pavement test panels made from real or in-situ 

asphalt concrete mixtures, there is currently no testing equipment that can simulate cyclic thermal 

contraction and expansion, including cyclic loads, and account for different deflections. Zero load 

efficiency factor (LEF). 

3. For testing large asphalt stamped test panels made of real or in-situ asphalt concrete mix, there is 

currently no laboratory equipment (LEF) that can simulate cyclic thermal contraction and expansion, 

cyclic trucking, and account for different deflections. zero load efficiency. 

4. To date, not much work has been done on asphalt-stabilized unreinforced and geosynthetic-reinforced 

open-grade asphalt concrete capped test panels subjected to cyclic vertical loads to simulate truck loads 

and simultaneously accounting for cyclic horizontal loads to simulate thermal contraction and 

expansion. for deviation difference. 

5. There is still a lack of a thorough knowledge of the mechanics behind the development and spread of 

cracks in asphalt and asphalt compound systems, especially with regard to how these systems react to 

fatigue- and sudden-induced damage. 

6. Research is required to determine how shifting wheel loads affect a test pavement segment with 

controlled cracks. To evaluate the performance of the pavements surrounding the fractures, this 

investigation should thoroughly instrument them. Additionally, the investigation ought to assess 

particular overlay circumstances against theoretical forecasts. 

7. One of the current challenges is developing an interlayer combination that strikes a precise balance 

between strength, flexibility, and strain tolerance while maintaining stability to withstand rutting during 
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construction and during its service life. This balance of perfection should be able to both significantly 

tolerate movements in the region of existing cracks and efficiently limit overlay stresses. 

8. The Bailey method (a research method for selecting grades commonly used in hot asphalt mix design) 

has not been studied as a crushing process for open-grade asphalt concrete. 

 

IV. Goals and purposes of the current studies 

Based on a thorough literature review and identification of research gaps, the present 

investigation delineates its aims and objectives. 

1. The purpose of this study is to develop and build "Asphalt Concrete Slab Fatigue Testing Equipment," 

a type of specialist machinery. This device is designed to evaluate field-acquired overlay samples as 

well as freshly laid overlay test slabs made of realistic or field-applied asphalt concrete mixtures. The 

apparatus will function in a regulated strain setting and submit the samples to repeated loading. It will 

be able to simulate many processes of fracture propagation by applying loading forces in distinct 

displacement modes, including as opening, shearing, and combined opening-shearing modes. 

• The opening mode simulates the horizontal displacements brought about by normal daily or 

yearly variations in temperature or moisture. 

• Through the induction of differential deflection inside the specimen, the shearing mode duplicates 

the effects of vehicle loads. 

• The mixed mode comprises of simultaneous horizontal motions caused by changes in temperature 

or moisture, as well as differential deflection caused by vehicle loads. It combines elements of 

both opening and shearing displacement modes. 

2. The characteristics of the manufactured apparatus will mimic the overlay's thermal contraction and 

expansion by making use of the material's intrinsic qualities and the longitudinal surface stresses 

brought on by wheel revolutions. 

3. The aim is to determine whether freshly opened, geosynthetics-reinforced and asphalt- stabilized 

asphalt concrete is as good as the cracking method in reducing impact on asphalt pavements. 

4. The aim is to identify the negative properties of new asphalt concrete placed in modified and open mix. 

5. The objective is to assess and evaluate the effectiveness of open-grade asphalt concrete (OGAC) 

pavements as crack-mitigating layers for conventional asphalt macadam (DBM) pavements by 

comparing their performance. 

 

V. Exploration Parameters of Current Investigation 

In order to achieve the aims and objectives specified in paragraph 2.4, it has been decided to conduct the 

investigation as follows. 

1. The properties of the materials used in asphalt concrete pavement tests will be a part of the research 

together with all supports. 

2. The process of creating open-grade asphalt will involve the use of Bailey's method of consolidation. 

3. Marshall stability method will be used in the production of asphalt concrete (BC), open asphalt concrete 

(OGAC) and dense asphalt macadam (DBM) mixture. 

4. DBM and OGAC mixtures will be tested for their strength using unconfined, cyclic un confine, triaxial, 

and even cyllic triaxix compression tests. 

5. Elasticity modulus test will be performed on the mixture of open asphalt concrete (OGAC) and dense 

asphalt macadam (DBM). 
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6. To evaluate coating life, engineering factors such as shear modulus, hardness modulus and tensile 

strength, as well as simulated thermal loading cycles of open and mixed- mode displacements, will be 

taken into account. 

7. The minimum overload life recorded for open and hybrid switches will be used to determine critical 

engineering parameters. 

8. The research will examine how different deviations in no-load efficiency affect the service life of the 

coating. 

9.  For opening and mixing transitions, the goal is to create equations that represent the collision of 

mechanical properties such as stress, stiffness modulus, and shear modulus. 

10. The aim is to evaluate the adverse characteristics of several recently developed asphalt concrete 

pavements subjected to mixing and open transitions. 

11. Effective isolation factor (BIEF) and effective factor (FEF) were evaluated for open and mixed models. 

12. Experimental results of unreinforced open grade asphalt concrete (OGAC) pavements were compared 

with conventional dense asphalt macadam (DBM) pavements. 

13. In slow motion, set the last differences in descending order and focus on the length of the overlay. 
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