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Abstract— This study is a survey to evaluate the flexible 

pavement conditions to determine and specify the types of the 

failures in the pavement for the selected highway. It is very 

significant to evaluate and identify the causes of the flexible 

pavement failures and select the proper and best treatment 

and maintenance. The study had two major and critical goals 

which covered by considering the following three tasks, the 

first was the visual evaluation and inspection of existing 

flexible pavement conditions including the failures, the 

second to determine and find out the actual causes of these 

failures in the pavement, and the third is to select the most 

and effective treatments and maintenance types. As a case 

study, of Ambala Cantt to Saha road was selected for 

evaluation and inspection purposes. The field evaluation 

works were achieved on the existing flexible pavement 

conditions of the selected rural highway. The results were 

most of the damages and failures in the pavement are serious 

and extreme surface deformation, cracks, disintegration, and 

surface defects. These damages and failures are caused by 

fatigue and other types of failures resulted from the 

movement of heavy vehicles and trucks, poor drainage 

design, unsuitable pavement layers thickness design, and 

improper pavement mix design and selected materials. 
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I. INTRODUCTION 

Transportation infrastructure plays a lead role in economic 

growth and development of country. India has the second 

largest highway and road network system in the world. They 

carry almost 90 percent passenger traffic of our country and 

65 percent of freight. Most highways in India are narrow and 

congested with poor surface quality. Though highways are 

well designed as well as properly constructed but still it may 

require maintenance, the extent which will depend on several 

factors including the pavement type. The functional 

deterioration is indicated by the changes in surface condition 

of the pavement in the form of deterioration in the riding 

quality, which can be measured by simple methods; it is also 

possible to restore the surface to original condition of the 

pavement by providing a profile correction course and a 

resurfacing layer. Scope of transportation system has 

developed very largely. 

 Ordinarily the term pavement only means the 

surface layer. But in the designing of the highways, it means 

the pavement total thickness including wearing course, base 

course and sub-base course. It is hard and tough crust 

constructed over the natural subgrade in order to provide 

stable and leveled or flat surface for vehicles. It is a structure 

consist from overlies layers of materials over the natural 

subgrade which its primary and major function is to transfer 

and distribute the vehicle axle loads to the subgrade. The 

structure of pavement should provide acceptable riding 

quality surface, sufficient skid resistance and minimum noise 

pollution. For designing purposes and depending on 

structural function and behavior, the road pavements types 

are generally divided or classified into two types: 

1) Flexible pavement 

2) Rigid pavement 

 Other pavement types include semi rigid or 

composite pavement and interlock cement concrete blocks 

pavement. These pavement types are less familiar than 

flexible and rigid pavement. Flexible pavement design is the 

process and method of selecting the most effective and 

economical composition of flexible pavement courses or 

layers to fit the subgrade foundation. And cumulative traffic 

axle load to be carried and handled during the pavements’ 

design life. Flexible pavement structure design is different 

from building design and the bridges because of the fact that 

the design of pavement until today is based on semi-empirical 

or empirical method and there is no rationalistic design 

method. 

A. Types of Failures of Flexible Pavement 

Different types of failure encountered in flexible pavements 

are as follow: 

1) Alligator cracking or Map cracking 

2) Consolidation of pavement layers 

3) Shear failure cracking 

4) Longitudinal cracking 

5) Frost heaving 

6) Lack of binding to the lower course 

7) Reflection cracking 

8) Formation of waves and corrugation 

9) Bleeding 

10) Pumping 

II. METHODOLOGY 

The objective of this study is to establish guidelines describing 

systematic method for inspection and evaluation of pavement 

failures and to find out the possible causes of these failures. 

The proposed method has some basic steps as follows: 

1) Inspection and Evaluation Plan 

2) Pavement Condition Survey 

3) Experimental work 

4) Determine Probable causes of Failure 

5) Select the best Maintenance Option 

6) Report on Outcomes 

Structural failure may arise due to certain factor .Some of 

them are as follows. 

1) Ageing of flexible pavement 

2) Increase in traffic volume from that of the predicted one 

3) Random changes in climate 

4) Overloading 

A. Inspection and Evaluation Plan 

Planning is important to ensure that inspection and evaluation 

of pavement failures were carried out their intended tasks 

within a reasonable time frame and at the lowest cost. 
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 When planning the evaluation program, a general 

review of the problem should first be conducted, along with 

the possible scope of inspection and maintenance work that 

may need to be carried out. This plan should be drafted, 

addressing goals, budgeting constraints, operations planning 

and the investigative synthesis. The technical team should be 

decided upon. 

B. Pavement Condition Survey 

The pavement condition survey may include visual 

examination of pavement failures, the effectiveness of 

drainage structures and other details such as topography and 

alignment should be recorded, and the soil and geology of the 

surrounding areas may also be of importance in determining 

the causes of the pavement failure. An effective visual survey 

of pavement failures is essential, to ensure that the cause of 

the failure can be diagnosed efficiently and it is a guide to 

what testing should be carried out and where. In addition, it 

will provide valuable site information that may have an 

influence on the best maintenance operation. Distress 

surveying should be carried out on failed pavement sections 

to find out the amount, type, and condition or severity level 

of distress, as well as the condition or effectiveness of any 

previously applied distress treatments. 

 This phase of operation, which shall precede the 

actual deflection measurement, consists primarily of visual 

observations supplemented by simple measurements for rut-

depth using a 3 meter straight edge. Based on these the road 

length shall be classified into sections of equal performance 

in accordance with the criteria given in Table 1 

Classification Pavement Condition 

Good No cracking, rutting less than 10 mm. 

Fair 

No cracking or cracking confined to 

single crack in the wheel track with 

rutting between 10 mm and 20 mm. 

Poor Extensive cracking and/or rutting greater 

than 20 mm. 

Sections with cracking exceeding 20 

percent shall be treated as failed. 
 

Table 1: 

C. CBR Value Evaluation using Dynamic Cone Penetration 

Test 

The design of new flexible pavements and rehabilitation of 

existing pavements needs an accurate estimation of CBR 

value. In the design of overlays generally Benkelman’s beam 

method and Falling Weight Deflectometer are used but these 

methods are sophisticated and time consuming. Scala(1956) 

has successfully used dynamic cone penetrometer for 

estimating the strength of soil. The study was mainly in 

relation to application in design and strengthening of existing 

pavements. 

D. Experimental work of Dynamic Cone Penetration Test 

The DCP tests were conducted according to the procedure 

laid down in ASTM-D6951-3 (2003). The apparatus consists 

of 16mm diameter steel rod in which a tempered steel cone 

with a 20 mm base diameter and a 60 degree point angle is 

attached. The DCP is driven into the soil by a 8kg hammer 

with a free fall of 575mm. The hammer correction factor is 

unity for 8kg hammer. Fig.3.1 shows the dimensions of the 

dynamic cone penetrometer. The DCP index or reading is 

defined as the penetration depth (D) in mm for a single drop 

of hammer. The cone is driven in to the ground upto the 

desired depth and average DCP index is calculated for a 

single blow. Depth of penetration considered in the study was 

800mm because the stresses induced due to the wheel load 

becomes negligible beyond this depth. 

E. Structural Evaluation of Pavements by Benkelman Beam 

1) Basic Principle 

Performance of flexible pavements is closely related to the 

elastic deflection of pavement under the traffic loads. The 

deformation or elastic deflection under a given load depends 

upon type of subgrade soil, its moisture content and 

compaction of soil, the thickness and quality of pavement 

layers, drainage conditions, pavement surface temperature 

etc. Pavement deflection is measured by the Benkelman 

Beam which consists of a slender beam of 3.66m length 

pivoted at a distance of 2.44m from the tip. By suitably 

placing the probe between the dual wheels of a loaded truck, 

it is possible to measure the rebound and residual deflections 

of the pavement structure. While the rebound deflection is the 

one which is related to pavement performance, the residual 

deflection may be due to non-recoverable deflection of the 

pavement or because of the legs of the beam. Rebound 

deflection is used for influence of the deflection bowl on the 

front for overlay design. 

2) Los Angeles Abrasion Test 

The Los Angeles test is a measure of degradation of mineral 

aggregates of standard gradings resulting from a combination 

of actions including abrasion or attrition, impact, and 

grinding in a rotating steel drum containing a specified 

number of steel spheres. The Los Angeles (L.A.) abrasion test 

is a common test method used to indicate aggregate toughness 

and abrasion characteristics. Aggregate abrasion 

characteristics are important because the constituent 

aggregate in hot mix asphalt (HMA) must resist crushing, 

degradation and disintegration in order to produce a high 

quality HMA. 

3) Proctor Soil Compaction Test 

Compaction is the process of densification of soil by reducing 

air voids. The degree of compaction of a given soil is 

measured in terms of its dry density. The dry density is 

maximum at the optimum water content. A curve is drawn 

between the water content and the dry density to obtain the 

maximum dry density and the optimum water content. 

Dry density of soil:  

 Where M = total mass of the soil, V= volume of soil, 

w= water content. 

F. Effect of ground water table on pavement failure 

It is generally recognized in pavement engineering that 

excess moisture in pavement layers with moisture-susceptible 

materials, when combined with heavy traffic loading, can 

reduce the service life of the roads. In unbound pavement 

materials, prolonged exposure to excess moisture results in 

moisture-accelerated distresses. These distresses are 

primarily initiated by factors other than moisture but whose 

rate of deterioration is accelerated when accompanied by the 

presence of moisture. Prolonged exposure to excess moisture 
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may lead to low subgrade bearing capacity, reduction in 

stiffness of unbound granular layers, degradation of material 

quality and loss of bonding between the pavement layers. 

Moisture exchange between the pavement structure and the 

environment may occur through precipitation infiltrations 

through surface cracks and the embankments or from beneath 

due to capillary suction and a high groundwater table. The 

water flow pattern and moisture movement profiles in 

pavement structures are rather complex and are coupled to a 

number of different physical phenomena such as heat 

transfer. Studies on understanding and quantifying moisture 

transfer in pavement layers have been limited. 

G. Environmental Associated Factors 

Environmental conditions have been found to exert 

significant impact on the performance of flexible pavements. 

External factors such as precipitation, temperature, humidity, 

freeze-thaw cycles, and depth of water table are the main 

environmental factors that have exerted major influences on 

the pavement performance. The internal factors, such as the 

susceptibility of the pavement materials to moisture and 

freeze-thaw damage, infiltration potential of the pavement, 

control the extent to which the pavement will react to the 

applied external environmental conditions. Environmental 

conditions are the upper boundary in a soil column model and 

the water would be an effective lower boundary. There are six 

main climatic aspects in a coupled soil-climate model, 

precipitation, wind speed, air temperature, relative humidity, 

atmospheric pressure and solar radiation, the capillary rise 

also affects the resultant moisture content in the soil. These 

parameters are interconnected among them and are used to 

predict the behavior of boundary phenomena like infiltration 

and evaporation. Climatic parameters on soil surface, all the 

environmental factors are associated with the seasonal 

variation. In order to incorporate the seasonal variation of 

moisture and temperature into the pavement design process, 

the seasonal changes in the moduli of various pavement 

layers must be determined. In other words, there is a need to 

quantify the effect of moisture variations on the moduli of 

unbound materials and the effect of temperature variations on 

the modulus of the asphalt concrete layer. This may be 

accomplished by studying the factors that affect the modulus 

for both layers and predicting the modulus from these factors. 

H. Determine Probable Causes of Failure 

It is quite important to find out the probable causes of the 

pavement failure being investigated. The probable causes are 

normally stated, and there are often multiple factors that 

contributed to the failure. The first stage in determining the 

failure causes is the investigative synthesis, where all the 

information gathered is listed. From this listed information, it 

is then necessary to determine which information supports or 

refutes each of the possible failure hypotheses. This may be 

initially done by considering general failure causes, such as 

those related to construction, materials, design, or the 

environment. It is more required that specific causes of the 

failure be considered. This is achieved by going through 

possible failure causes for the failure type.  Once this has been 

done, it is necessary to determine the probable causes of the 

failure. 

I. Selection of the best Maintenance Option 

To select the best maintenance option, it is necessary to list a 

variety of alternatives that may be feasible, from an initial 

examination of the conditions. These possible alternatives 

can then be subjected to much more detailed examination of 

economic, design and construction factors. 

 Other factors to consider include whether the 

treatment is accepted local practice, and whether a long 

lasting or simply an economical short-term treatment is 

required. Once these questions are answered, a list of possible 

maintenance options could be selected for further study by 

finding those treatments that satisfy the above criteria. 

Treatments may include surface treatments, overlays, in-situ 

stabilization, or any other maintenance treatments. 

J. Report on Outcomes 

A report on the outcomes of the pavement evaluation should 

be produced, as this enables others to learn from the failures, 

and should help reduce the chances of similar failures in the 

future. Information that should be included a general 

description of the project and its location, failures details, a 

description of any testing carried out, the probable causes of 

failures expected, how it could be prevented in the future, and 

possible maintenance options. 

III. DATA ANALYSIS AND DISCUSSION 

S. 

No. 

Type of 

Failures 
Description 

1 
Alligator 

cracking 

Series of interconnected cracks 

caused by fatigue failure under 

repeated traffic loading 

2 
Block 

cracking 

Interconnected cracks that divide 

the pavement up into rectangular 

blocks (approx. 0.1 m2 to 9 m2) 

3 
Longitudinal 

cracking 

Cracks parallel to the pavement's 

centerline direction 

4 Patching 

An area of pavement that has 

been replaced with new material 

to repair the existing pavement 

5 Potholes 

A hole in a road surfaces that 

result from gradual damage 

caused by traffic or weather. 

6 Raveling 

Asphalt raveling is the 

progressive disintegration of a hot 

mix asphalt layer from the surface 

downward as a result of the 

dislodgement of aggregate 

particles 

Table 2: Common Types of Distresses 

A. Determination of Los Angeles Abrasion Value 

Abrasion value is determined by taking the grading of 

aggregates used into account 

Sieve size 

Passing (mm) 
Retained on (mm) 

Weight of test sample in gm 

A B C D E F G 

80 63     2500   
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63 50     2500   

50 40     5000 5000  

40 25 1250     5000 5000 

25 20 1250      5000 

20 12.5 1250 2500      

12.5 10 1250 2500      

10 6.3   2500     

6.3 4.75   2500     

4.75 2.36    5000    

Table 2: Weight of test sample in gm 

Grading No of Steel balls Weight of charge in gm. 

A 12 5000 ± 25 

B 11 4584 ±25 

C 8 3330 ± 20 

D 6 2500 ± 15 

E 12 5000 ± 25 

F 12 5000 ± 25 

G 12 5000 ± 25 

Table 3: Selection of Abrasive Charge 

B. Observation of Los Angeles Test 

 Original weight of aggregate sample =5000 g 

 Weight of aggregate sample retained =3300 g 

 Weight passing 1.7mm IS sieve= (5000-3300) g 

 Abrasion value = (5000-3300)/5000×100 

 Results 

 Los Angeles Abrasion value =34 

C. Benkelman Beam Observation 

From deflection data actual chainage versus deflection charts 

are drawn. From the chart represented below it is analyzed 

that the value of deflection is varying in entire study stretch. 

 
Fig. 1: 

 
Fig. 2: 

 
Fig. 3: 

 
Fig. 4: 

1) Calculation of characteristic deflection from the analysis 

of test data for section 2.5 to 5.5 km 

Mean deflection mm, X = 
  ∑𝒙

𝒏
 = 1.0192 mm 

Standard deviation mm, σ =
√∑(𝐱−𝐗)𝟐

𝐧−𝟏
 = 0.0442 mm 

Characteristic deflection mm, Dc = X + 2σ = 1.10767 mm 

2) Calculation of characteristic deflection from the analysis 

of test data for section 5.5 to 8.5 km 

Mean deflection mm, X = 
  ∑𝒙

𝒏
 = 0.9127 mm 

Standard deviation mm, σ =
√∑(𝐱−𝐗)𝟐

𝐧−𝟏
 = 0.0628 mm 

Characteristic deflection mm, Dc = X + 2σ = 1.0383 mm 

3) Calculation of characteristic deflection from the analysis 

of test data for section 8.5 to 10.5 km 

Mean deflection mm, X = 
  ∑𝒙

𝒏
 = 0.9418 mm 

Standard deviation mm, σ =
√∑(𝐱−𝐗)𝟐

𝐧−𝟏
= 0.0342mm 

Characteristic deflection mm, Dc = X + 2σ = 1.01022mm 
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IV. CONCLUSIONS 

Some causes of road cracks and deterioration and defects are 

due to poor construction quality, structural failure of base, 

poor highway facilities, poor maintenance policy, poor 

supervision. 

 Pavement deterioration process starts very slowly so 

that it may not be noticeable, and over the time it accelerates 

at faster rates, there must be implementation of the proper 

maintenance and repair work in suitable time; which will 

maintain the pavement in a safe and acceptable operational 

condition and helps to save cost of maintenance. 

 Road maintenance is one of the important 

components of the entire road system. Even if the roads are 

well designed and constructed, they may require 

maintenance. Repair and maintenance procedures cannot 

overcome bad design problems but can help prevent these 

problems resulting from degradation. 

 The possible causes of deterioration on the study of 

road are firstly during construction of road,failure in the 

layers of the pavement, the asphalt mixture arrival at the site 

is not at required temperature, the wrong way in the casting 

and compaction of asphalt and secondly after construction, 

expansion and contraction of asphalt materials, high stress, 

lack of water drainage system and many more. Early 

detection and repair of road defects are important to   maintain 

the permanence of road. 

 The suggested maintenance for the cracks and 

defects in the selected road are crack seal (fill the crack) to 

prevent moisture entering into subgrade through the cracks, 

improve (construct) drainage system, reconstruction of the 

pavement edging and its support with paving stones and 

patching.. 

V. FUTURE SCOPE 

There are certain limitations in this research work and further 

study can be carried out to overcome limitations: 

 The research carried out can be further executed in 

other cities to analyze different types of pavement failures 

and their causes. 

 There are certain aspects in this research which 

should be kept in mind before designing the life span of a 

flexible pavement. 
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