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Abstract—In present Indian scenario the construction of rigid concrete pavement is widely adopted. the main disadvantage in the 

rigid concrete pavement is its initial construction cost and the consumption of resources is very high. The rigid concrete pavement 

has a wide range of applications starting from pedestrian walking pavement to the movement of heavy vehicular transportation. 

The pressure proportion between flexural pliable pressure and modulus of break of cement is the essential factor which chooses the 

quantity of burden redundancies to cause weakness splitting. Siphoning, blaming, spalling concrete, shrinkage, cleaned totals, 

punch out, disintegration of joint burden move framework, direct splitting, sturdiness splitting, corner break, soluble base total 

response, pop-outs and blow-ups are some different reasons for disappointment of unbending asphalts. 

In this paper, we introduce review study on failure of rigid pavement. 
 

Index Terms — Pavement, Rigid Pavement, Concrete, failures in Rigid Pavement 

I. INTRODUCTION 

The cement concrete pavement construction is presently one of the most important types of road pavement in India. The main 

characteristics of the cement concrete pavement are the high lifetime serviceability, rigidity and can withstand vehicular 

movements having high loads. The cement concrete pavement’s main disadvantage in the construction is its initial cost. 

The PCP is a new emerging concept in the road pavement engineering. The PCP consists of zero or very less fine aggregates, 

hence the main usage of the PCP is for the drainage of surface water and mainly used as a pavement suitable for pedestrian 

movement and vehicular parking areas. The strength parameter in PCP is less when compared to the conventional RCP. The 

cost of the pavement can be reduced by adding recycled materials and waste materials in the pavement. But it has also to be 

seen that the strength and durability parameter of the pavement should not be affected to a great extent. And the strength and 

durability parameters should be within the permissible limits. The various supplementary materials taken are fly ash, silica 

fume, steel slag and rubber chips respectively.[1] 

In India, the design of rigid pavement is done as per IRC 44 and 58 (Indian Road Congress) codes and recommendations. 

Various codes are published by IRC on various types of roads like urban roads, village roads etc., and also various classes of 

loads according to various vehicles are specified for design of rigid pavement. Critical regions where stresses are likely to be 

high are checked for safety as per formulas given by codes and the thickness of slab is finalized. 

The major benefits of the concrete pavements over other type of pavements are, low maintenance costs, long life with extreme 

durability, high value as a base for future resurfacing with asphalt, load distribution over a wide area, decreasing base and sub 

grade requirements, ability to be placed directly on poor soils and no damage from oils and greases. 

Pervious concrete has been used as one of the main materials for permeable pavement. Permeable pavement systems have 

become popular in the past decade due to their notable contribution to sustainable drainage systems. Since 19th century, the 

drainage system has been developed as a pipeline system. However, this traditional system quite often leads to storm water 

runoff, especially in urban areas. Thus, this pipeline drainage system is not really efficient. Permeable pavement systems can 

play a significant role in controlling stormwater runoff, especially in urban areas. The Pervious Concrete applications cover in 

the areas of parking lot, sideways/walkways, streets/road shoulders, other light traffic areas and aesthetic purposes in gardens. 

The usage of the PCPs involves larger economic benefits and an environmental benefit which includes lower installation cost, 

increased land utilization, and permits the use of existing sewer system [2]. 

The motive of this study was to analyze and evaluate the various causes of pavement defects, and provision of remedies to 

improve the various failures of the surface. Based on the past researches on, various techniques have been studied with their 

measures which are helpful for increasing the life of serviceability. This case study attempts to identify the various parameters 

that affect the performance of the rigid pavement and by applying the remedial measures over the particular stretch. This paper 

introduces review study on failure of rigid pavement. 
 

II. LITERATURE REVIEW 

This paper describes a brief literature study on various research works done by many researchers on the usage of various 

supplementary materials and alternative materials on the conventional and pervious concrete. The importance of using the 

alternate material replacing cementations materials and aggregates in the concrete mix.  

Sharad. S. Adlinge, Professor AK Gupta (2015), In this research the failure of pavement was defined in terms of decreasing the 

serviceability caused by development of cracks and formation of ruts. Before going into maintenance part, it is better to 

interpret the causes of failure. Failures of concrete pavements are caused due to a lot of reasons or combination of one with the 

other. Application of correct measure in existing surface will increase the overall life of pavement and will increase its 

supporting power. Three parameters were considered during this research that is unevenness index, rutting and pavement 

cracking. The purpose of this study was to evaluate the causes of pavement failure and discuss the particular remedies which 

can be adopted to improve the pavement performance. 

A Review on Failure of Rigid Pavement 
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Sasane Neha.B. Gaikwad. Harish, Dr. J R Patil, Dr. S.D. Khandekar (2015), To preserve a particular road so that it behaves 

well in future for design period, it needs a systematic and pre-planned approach. It will reduce its maintenance operations cost 

and will increase its service life. Nowadays a pavement is subjected to various types of loading and which increases rapidly at 

an alarming rate causing failure of a pavement before it is expected to fail. So, there is need of an alternative advanced material 

to be used while construction of a pavement, so that it behaves well during its service life. Use of plastic waste becomes handy 

in that matter. The work included various laboratory, aggregate and other constituents. 

Ahmed Ebrahim Abu El-MaatyBehiry (2012), In this research, the flexible pavement is designed based on climatic conditions 

and axle load limits. According to the Egyptian code has specified certain load limits that should not be exceeded. The heavily 

loaded vehicles like overweight trucks cause many type of deterioration to the pavement and thus reduce its life. The motive of 

the study is studying the effect of axle load increase, and the variation in pavement modulus on the overall pavement life.  

The study consisted of two tasks: the first covered the visual inspection of the existing pavement failures and the second 

investigated the actual causes of these failures. According to this study. An intensive field work was carried out on the existing 

pavement condition of this road. It was found that most of the pavement failures in the sections suffered from severe cracking 

and rutting failures. These failures might be been caused by fatigue failure on pavement structure due to the movement of 

heavily loaded truck-trailers. The damage could also be attributed to poor drainage, improper design and improper pavement 

materials used. 

Darestaniet. al (2006) states that the 2004 edition of Austroads rigid pavement design guide has been based on the work of 

Packard and Tayabji which is known as the PCA method. In this method, a number of input parameters are needed to calculate 

the required concrete base thickness based on the cumulative damage process due to fatigue of concrete and erosion of subbase 

or subgrade materials. This paper reviews the 2004 design guide, introduces a design software specially developed to study the 

guide and highlights some important points. Results of the current study show the complex interdependence of the many 

parameters. 

Long and Shatnawi (2011) address the structural performance of experimental rigid pavements constructed in California. The 

experimental project consists of seven Portland cement concrete pavement sections with various layer structures. Falling 

weight deflect meter was utilized to conduct deflection testing for back calculation of layer moduli and subgrade reaction 

moduli, evaluation of joint load transfer capacity, and detection of voids under the slabs. In addition, pavement distress 

condition was also evaluated as it relates to the integrity of pavement structure. The major findings in this study indicate that 

thick slab and lean concrete base lower the pavement deflection response and prevent the formation of voids under the slab 

corners, but lean concrete base has no significant effect on subgrade reaction moduli values. 

Cojocaru et.al (2013) present the results of the research undertaken by them in the frame of the postdoctoral program 

4DPOSTDOC. After a short introduction on the actual status of structural design of airport pavements, the modeling and the 

structural design of airport rigid pavements, constructed with conventional and various recycled materials, using the finite 

element method, is described. The main objective of this research program was to elaborate a design method which, beside the 

complex landing gear including six footprint tires, all specific parameters related with the recycled materials and with 

conventional and reinforce roll compacted concrete technologies are included. Finally, practical design diagrams for structural 

design of the concrete slabs, including their specific correlation function, used for the construction of the Airbus-A380 runway 

are presented. 

Based on literature review it has been observed that very few analyses for rigid pavement have been done by finite element 

method. Hence there is need for finite element analyses of rigid pavement especially considering nonlinear material behavior 

of subgrade to understand the behavior of rigid pavement. 

III. TYPES OF FAILURES IN RIGID PAVEMENT 

1) Linear Cracking in Rigid Pavements: - 

 

Such type of failure in rigid pavement occurs due to traffic load at repeated levels. In this type of failure, the rigid pavement 

surface divided in to number of pieces. 

 
 

Figure 1: Failure in Rigid Pavement by Linear Cracking 

 

2) Corner Breaks in Rigid Pavements: - 

 

This type of failure in rigid pavement is caused due to excessive pumping below the pavement, as such there is no more support 

exist below the pavement to take vehicle load. In normal practice of repair in such type of failure either full slab replacement or 

full depth must be carried out. 
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Figure 2: Failure in Rigid Pavement by Corner Break 

3) Pumping Effects; - 

 The ejection of water from under a pavement layers is known as pumping. Such type of defect is caused due to vehicle loads 

coming over the pavement in repeated manner. In this case the fine material present in subbase layer to move along with water 

and get expelled out with water and a large void created under the pavement. Such type of defect can be avoided by prevention 

of accumulations of water near pavement.   

 
 

Figure 3: Failure in Rigid Pavement by Pumping Effect 
 

4) Joint Spalling in Rigid Pavements: - 

 

Excessive compressive stress causes deterioration in the joints, called as the spalling. This may be related to joint infiltration or 

the growth of pavement, that are caused by the reactive aggregates.  

 
 

Figure 4: Failure in Rigid Pavement by Joint Spalling 

 

Poor quality concrete or construction technique will also result in joint spalling. Small edges to large spalls in the back of the 

slab and down to the joints can be observed. Main causes of joint spalling in rigid pavements are:  

Joints subjected to excessive stress due to high traffic or by infiltration of any incompressible materials  

The joint that are constructed with weak concrete  

Joint that is accumulated with water that results in rapid freezing and thawing the joint spalls can be avoided by using good 

construction techniques, or by sealing the joints.  
 

5) Polished Aggregate in Rigid Pavements: -  

 

This type of defect in concrete pavement is occurred due to poor quality of aggregate used in cement concrete, which cannot 

provide sufficient skid resistance for vehicle. 
 

 
 

Figure 5: Failure in Rigid Pavement by Polished Aggregate 
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6) Fatigue Cracking:- 

 

The basic mechanism involve in fatigue cracking of concrete pavement is when top surface of concrete slab become warmer or 

wetter than the lower surface, it expands and slab corners bend downward conversely as the slab top surface cool or becomes 

drier than its lower surface, it contracts bending the slab corners upward. This bending is known as warping. 

In concrete pavement fatigue is one of the major causes of distress. The propagation of these cracks cause internal progressive 

damage within the structure, which ultimately leads to failure of the pavement due to fatigue.    

    . 

 
 

Figure 6: Failure in Rigid Pavement by Fatigue Cracking 
 

7) Faulting: - 

 

The difference in elevation between the joints is called as faulting. The main causes of failures in rigid pavements due to 

faulting are:  

Settlement of the pavement that is caused due to soft foundation  

The pumping or the erosion of material under the pavement, resulting in voids under the pavement slab causing settlement and 

temperature changes and moisture changes that cause curling of the slab edges. 

 

 
 

Figure 7: Failure in Rigid Pavement by Faulting 

8) Punch Out 

 

Punchout is only breaking of little segment of solid chunk into a few pieces. It is restricted conduct in solid piece. Punchout 

causes harshness of the asphalt surface and makes entrance to dampness into asphalt and later in base and subgrade, prompting 

disintegration of base or subgrade. Punching makes breaks to spall and crumbles them.  

Restricted development imperfection, for example, ill-advised compaction is the essential driver of punchout in plan concrete 

solid asphalts. Consumption and deficiency of steel are the key variables for the punchout disappointment in persistently 

fortified asphalts. Unnecessary width and closeness of shrinkage splits also advance punchout. Punchout issues are tended to 

by full-profundity fix. 
 

 
 

Figure 8: Failure in Rigid Pavement by Punch Out 

 

9) Durability Cracking:- 

 

The freezing and defrosting activity will make normal extension and compression which will bring about the steady breakdown 

of the solid. This sort of trouble is examples of breaks on the solid surface as layers that are equal and closer to the joints.  
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Joints and breaks are where the solid appear to be progressively soaked. Here a dull store is found and called the 'D' splits. This 

disappointment of inflexible asphalt will at long last outcome in the total deterioration of the entire piece. 

 

 
 

Figure 9: Failure in Rigid Pavement by Durability Cracking 

10) Pop-Out:- 

 

A little bit of solid that loosens up from the outside of asphalt concrete, either because of sweeping nature of total or because of 

low nature of material and workmanship, is known as jump out. 25 to 100 mm in breadth and 13 to 50 mm inside and out are 

the standard sizes of pop-outs. Pop-outs cause uneasiness to riding and are not fixed except if they present danger to feels worn 

out on vehicles. Pop-outs of more noteworthy size should be fixed by halfway profundity fix. 

 

 
 

Figure 10: Failure in Rigid Pavement by Pop Out 

IV. FACTORS AFFECTING THE PERFORMANCE OF THE RIGID PAVEMENT 

These are the various factors which affects the performance of the pavement: 

a) Subgrade 

Subgrade is the underlying soil which supports the overall load of the traffic and transmits into it. Properties of subgrade 

material are important in determining the thickness of pavement. When subgrade stability is low, the thickness of pavement 

require is greater to protect it from wheel loads. 

b) Traffic 

Traffic is the primary factor to which affecting the performance of the flexible pavement. The performance of the pavement is 

mainly affected by its magnitude and frequency of loading, number of repetitions and configuration of the load by heavily 

vehicles. Primarily, the thickness of the pavement depends upon design wheel load. When the wheel load is higher, the 

thickness of pavement required is greater. 

Design wheel load is further dependent on various factors such as: 

• Gross wheel load 

• Contact pressure 

• Dual or multiple wheel loads and Equivalent single wheel load 

• Repetition of loads 

c) Moisture Content 

Moisture content significantly weakens the soil strength of the subgrade. It may be form at any coarse of the pavement. 

Moisture content variations are dependent upon climatic conditions, type of soil, drainage conditions, type of pavement and 

ground water level. 
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d) Quality of Material 

The material provides on the pavement is mainly supports of the whole pavement. Better quality of material withstands the 

whole pavement for a longer period. While the poor quality of materials leads to failure on the pavement. Quality of material 

indicates the required compaction, control of moisture content and use of skilled labor when a pavement is being constructed. 

e) Maintenance 

It is the most important parameter of the pavement system. The maintenance operations involve the assessment of road 

conditions, diagnosis of the related problem and adopting the appropriate measures. Several types of failures are ranging from 

minor to major does takes place on roads even on well-constructed highways, so they need a periodic maintenance to increase 

their service life. 

V. CONCLUSION 
 

This review study concluded failures in Rigid Pavement; the disappointment of inflexible asphalts was evaluated to 

comprehend the appropriateness of fix dependent on the disappointment design. In this study the problem associated with rigid 

pavements were identified by field survey. This study provides valuable insight to identified different problem in rigid 

pavement. From above observation it was concluded that main reason for all failure is poor construction practice during 

construction stage.  
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