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Abstract— There are so many reasons for bituminous 

pavement failures. The level of correction in the existing surf 

ace will extend the life of maintenance works and 

strengthening the layer as well. According to my study, there 

are mainly 2 parameters i have figured out which are: - 

pavement cracking and surface defects on the pavement. 

While other di stresses have been excluded including these 

parameters while stepping for maintenance part. With the 

study of maintenance techniques, there are various methods 

we are going to adopting for pavement protection which will 

help to increasing the life of the pavement and failure delay. 

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 of researchers, various techniques has 

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 flexible pavement and by rid off this problem by 

applying the remedial measures over the particular stretch. 

LUCKNOW main gate to Rama-mandi was chosen as a case 

study. It is a pursuit towards a study of the road condition of 

Punjab with respect to varying soil, traffic and climatic 

conditions, periodic performance evaluation of selected roads 

of representative types and development of distress prediction 

models for roads of Punjab. To achieve this aim, we divide 

the entire area into no. of sample units. By taking the 

measurement of each part, we measured the various type of 

defects, corresponding to that we found out pavement 

condition Index (PCI). A PCI is a numerical index which tells 

us about the condition of the road as per its range that is 0 to 

100 which was coming out to be very poor. Testing was done 

to know the reason of the pavement failures and we found out 

that the most of the pavement was damaged by alligator 

cracks by repetitive heavily loading of the vehicles and 

surface defects. Pavement also damaged due to poor drainage 

and inadequate designing and poor quality of material. 

Keywords: Flexible Pavement, Distresses, Analysis, 

Evaluation 

I. INTRODUCTION 

A. General 

Pavement is anything which is being covered or paved, that 

is the covering of solid material like floor laid so that is to 

make a comfortable and hard surface for travel. Road 

pavement is a durable material for surface which is resting on 

an area design to sustain vehicular traffic or walk traffic, such 

as a road or pedestrian. Pavement is generally classified as 

1) Flexible pavement 

2) Rigid Pavement 

3) Semi-Rigid pavement 

4) Composite pavement 

 Flexible Pavement 

The pavement which constructed with different number of 

layers of granular materials and covering of one or more of 

the waterproofing asphalt layer is considered as flexible. The 

flexible pavement will deflect under the load of the wheels. 

The purpose of this design of a flexible pavement is to prevent 

the excessive bending of any layer of the pavement structure, 

An over stressing may done if it fails in the design of the 

layer, which will cause the pavement directly to fail. In these 

flexible pavements, due to the strength of each layer is 

different; the load distribution pattern changes from one layer 

to another. The strongest material is to be provided on the top 

layer and the weakest layer is to be provided to the bottom 

layer. 

 Rigid Pavement 

Rigid pavements are those pavements which are constructing 

from reinforced concrete slabs (RCC) or cement concrete. 

The grouted concrete roads are the categories of semi-rigid 

pavements. The design criteria of this type of pavement are 

based on providing a cement concrete slab of sufficient 

strength to sustain the loads from vehicular movement. The 

rigid pavement has high modulus of elasticity and rigidity to 

distribute the load over a large area of the soil. 

 Semi-Rigid Pavement 

The type of pavements in which a semi rigid base layer, which 

is usually made up of cement-stabilized base or cement 

treated base, is laid with a top flexible layer of bituminous 

mixture. Typical examples of semi rigid pavements are the 

lean-concrete base, soil-cement and li me-pozzolona concrete 

construction. 

 Composite Pavement 

The pavements are called “composite” since they consist of 

layers of the different materials bonded together. They are 

provided for their strength purpose wherever it requires. A 

composite type of pavement is the one which consists of 

multiple structurally significant layers of heterogeneous 

compositi on. The type of composite pavements generally 

provides are: 

 Asphalt concrete over plain concrete cement (AC/PCC) 

 Plain concrete cement over plain concrete cement 

(PCC/PCC) 

B. Problem Defining 

An highway which is either flexible or rigid can get 

deteriorated in its level of serviceability due to various 

causes. These factors are 

1) Traffic loading 

2) Environmental Factors 

3) Quality of the material 

4) Drainage 

According to IRC, a pavement is designed for its design 

period of 10 years. After its design period pavement is li kel 

y to fail and needs maintenance operations to extend its life 
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further. But sometimes it may fail earlier to its design period 

because of low quality of material or may by other factors. So 

the possible causes which arises has mentioned below. 

Various types of failures are: 

1) Alligator Cracking or Fatigue Cracking 

2) Block Cracking 

3) Hungry Surface 

4) Formation of Corrugations 

5) Depressions 

6) Fatty surface or Bleeding 

7) Formation of Potholes 

8) Loss of Aggregates 

9) Stripping 

10) Reflection Crack 

C. Types and Causes of Failure in Highway Pavements: 

The types of pavement distress are first logically divided into 

two primary groups, depending upon the type of pavement. 

Certain characteristic defects develop in asphaltic pavements 

and others are typical of portland cement concrete types. It 

also appears that there is a greater variety in the distress 

patterns developed in bituminous pavements compared to 

portland cement concrete. This is partly attributable to the 

fact that there are a great many more variations and varieties 

of bituminous types of road surfacing. Also, under-design is 

far more frequent in the "flexible" types, prompted by the 

urge for economy in first costs. 

 Considering the bituminous or so-called flexible 

types first, failures may be grouped under three headings 

depending upon the primary cause or source of the trouble. 

First, are the types of failure or unsatisfactory performance 

that are attributable solely to the quality of the pavement 

itself. Deficiencies of this type may be in the form of 

stripping, raveling, disintegration, cracking and instability (or 

plastic distortion) of the road surface which may develop 

regardless of foundation support. The second group is 

represented by several manifestations but represents only one 

type of failure; that is, slip-page caused by lack of bond 

between the top course of the pavement and the underlying 

leveling course or base layer. In the third group are the 

pavement failures attributable to deficiencies in the base or 

the underlying support. Chart A is an attempt to classify 

failures characteristic of bituminous pavements. This chart 

separates the failures in-to those caused by qualities of the 

surface layer alone, those that are due to improper 

relationship between the surface course and the next layer, 

and finally those that are chargeable solely to weak, yielding 

or unstable foundations. Chart B (see "Concrete Pavements") 

represents a similar arrangement of the failures characteristic 

of concrete pavements. 

 It is difficult to describe each of these failures clearly 

so that everyone will recognize the distinguishing 

characteristics of each. Attempts have been made to secure 

photographs representing typical examples. The following 

series have been selected to illustrate the most common types 

of failure and are shown accompanied with a brief ex-

planation in an attempt to diagnose the cause and to assign 

reasons for the particular development. Due to space 

limitations, no detailed discussion of preventive measures or 

proper maintenance repair has been undertaken. 

II. BITUMINOUS PAVEMENTS FAILURES AND DISTRESS 

A. Types of Flexible Pavement Distress: 

The early detection and repair of defects in the pavement will 

prevent minor distresses from developing into a pavement 

failure. The identification of the distress aids the engineer or 

maintenance professional in identifying what caused the 

distress and the required approach in repairing it. Cracks and 

other defects start appearing very small and are usually only 

detectable when walking along the pavement. Water pooling 

in select areas of the pavement is identification of potential 

problems in the pavement later on. It is important that the 

water quickly drains away from the pavement surface. 

Inspection and cleaning of drainage systems ensures that they 

are working properly and will eliminate some of the major 

causes of pavement damage. 

 Distress is an important criterion of pavement 

design. Many of the distresses are caused by the deficiencies 

in construction, materials, and maintenance and not related 

directly to design. The knowledge of the various types of 

distress is important to identify the causes of the distress and 

then how to remedy them. By using specific design of 

pavement that may decrease the distress and to have long life 

for the road or least the maintenance cost. There are two types 

of pavement failure namely structural and functional. The 

structural failure indicates a breakdown of one or more of the 

pavement components. The functional failure wherein the 

pavement can no longer carry out its intended function. The 

two types of failure do not necessarily go together. Distress is 

an important criterion of pavement design. Many of the 

distresses are caused by the deficiencies in construction, 

materials, and maintenance and not related directly to design. 

The knowledge of the various types of distress is important to 

identify the causes of the distress and then how to remedy 

them. Structural failures in flexible pavements may result 

from surface fatigue, consolidation, or shear, developing in 

the subgrade, subbase, base course, or surface. Functional 

failure depends primarily upon the degree of surface 

roughness. 

 In general the typical pattern of deterioration in 

asphalt pavement is rutting, which develops rapidly during 

the early stages. The width of rut indicates in a general way 

the depth of the failed layer. Subgrade shear failures exhibit 

surface up heaval at some distance from the depressed rut, 

whereas shear failures in the surface result in upheavals 

relatively close to the tire track. It is important that a more 

exact analysis be made before conclusions are drawn 

regarding the component of the pavement that has failed. 

Surface movement can be caused by consolidation of one or 

more of the pavement layers. Upheaval does not accompany 

this type of depression. Lateral shoving can also cause surface 

irregularities. Distress may be caused by too little or too great 

an amount of asphalt. Table (1) shows the general types of 

pavement distress and their contributing causes and 

distinguishing features. 

B. Description of Defects 

The purpose of highway maintenance is to rectify defects and 

preserve the pavement. It is necessary to define and record 

the defects, as well as to understand the mechanism of failure 

in order to select the most appropriate action. The commonly 
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occurring defects are defined in this section and related to 

appropriate maintenance activities. It is important to 

emphasize that drainage should always be addressed as part 

of all maintenance actions. 

C. Distresses and Defects 

 Cracking occurring in flexible pavements can be 

classified in one of three types, 

i.e. surfacing, fatigue and others. Surfacing cracks are 

associated with the aging and deterioration of the surface 

bituminous layer due to shrinking and hardening of the 

bituminous binder with a loss of volatiles. These cracks are 

in general not load- related. One type of surfacing cracks is 

cracking in an irregular pattern. These cracks are also referred 

to as map cracks, star cracks and amorphous cracks. Another 

type is block cracking with cracks in well-defined rectangular 

blocks. Surfacing cracks occur across the full-width of the 

pavement. Block cracks divide the asphalt surface into 

approximately rectangular pieces. The blocks range in size 

from approximately 

 0.1 to 10m². Cracking into larger blocks is generally 

rated as longitudinal and transverse cracking. Block cracking 

is caused mainly by the shrinkage of hot mix asphalt and daily 

temperature cycling, which results in cyclic stress and strain. 

It is not load associated, although loads can increase the 

severity of the cracks. The occurrence of block cracking 

usually indicates that the asphalt has hardened significantly. 

Block cracking normally occurs over a large portion of 

pavement area, but sometimes will occur only in nontraffic 

areas. Block cracking is measured in square feet or square 

meters of surface area. The surface cracks are more 

prominent on thin surfacing such as slurries, sand seals, and 

the block cracking more pronounced on asphalt concrete 

surfacing. In the latter the cracks start from the top and 

progress to the bottom asphalt layer. 

 Fatigue cracks (commonly called alligator or 

crocodile cracks) are a series of interconnected cracks in a 

chicken-wire pattern. The cracks are caused by traffic 

loading, occur only in wheel-paths and are often associated 

with deformation. Early signs of fatigue cracks are fine 

parallel longitudinal cracks in the wheel-path. Fatigue 

cracking is a series of interconnecting cracks caused by the 

fatigue failure of asphalt surface or stabilized base under 

repeated traffic loading. The cracking initiates at the bottom 

of the asphalt surface or stabilized base where the tensile 

stress or strain is highest under a wheel load. The cracks 

propagate to the surface initially as one or more longitudinal 

parallel cracks. After repeated traffic loading, the cracks 

connect and form many-sided, sharp-angled pieces that 

develop a pattern resembling chicken wire or the skin of an 

alligator. The pieces are usually less than 30cm on the longest 

side. Alligator cracking occurs only in areas that are subjected 

to repeated traffic loadings. It would not occur over an entire 

area unless the entire area was subjected to traffic loading. 

Alligator cracking does not occur in asphalt overlays over 

concrete slabs. Pattern-type cracking, which occurs over an 

entire area that is not subjected to loading, is rated as block 

cracking, which is not a load-associated distress. Alligator 

cracking is considered a major structural distress. Alligator 

cracking is measured in square feet or square meters of 

surface area 

III. SEVERITY LEVEL OF DISTRESSES 

Distresses Severity level 

Longitudinal cracks Moderate 

Alligator Cracks Heavy 

Potholes Low 

Patches Moderate 

Transverse Cracks Low 

Edge cracking Low 

Block Cracking Moderate 

Slippage Cracking Low 

Weathering and Raveling Low 

A. Probable Defects of the Pavement 

Here we have mentioned the pictures of different types of 

defects that we have studied. 

 Transverse Cracks 

These cracks are non- connected cracks which are formed 

perpendicular to the di reaction of the pavement. 

 
Fig. 3.1: Longitudinal cracks 

 Block Cracks 

These cracks are similar to fatigue cracks. Only the difference 

is the cracks occurs over the entire area of the ground. These 

cracks divide the entire area into rectangular pieces. 

 
Fig. 3.2: Block Cracks 

 Alligator Cracks 

It is the series of interconnected cracks which are caused by 

fatigue failures. These are normally called as crocodile 

cracks. These interconnected cracks can be called as cells. 

Each cell size may go larger than 300 mm. 
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Fig. 3.3: Alligator Cracks 

 Slippage Cracks 

These are formed like crescent or horseshoe shape which are 

generally formed due to braking of the vehicles. Mostly these 

cracks shows on intersections due to stopping. 

 
Fig. 3.4: Slippage Cracks 

 Patching 

It is the area of the pavement which was replaced or covered 

with a new layer of bitumen to repair the existing one. This is 

to be considered as a defect no matter good it is been laid. 

 
Fig. 3.5: Patching 

 Potholes 

These are small bowl-shaped holes formed on the pavement. 

They have sharp corners and verity cal sides near the top of 

the hole. 

 
Fig. 3.6: Potholes 

 Longitudinal Cracks 

These are the long, straight cracks and formed par all el to the 

centre of the pavement. This could be occurred due to joint 

failure or frost heaving. 

 
Fig. 3.7: Longitudinal Cracks 

 Swelling 

It is the upward budge in the pavement surface. Generally, it 

is caused by moisture due to expansion. Swelling is caused 

by expansion in the supporting layer of the pavement. 

 
Fig. 3.8: Swelling 

 Edge Cracking and Shoulder Drop Off 

The type of cracking starts from edge of the pavement which 

may leads to alligator cracks after some days. The main 

causes of this type of defects are weak bases of the soi l. 

Shoulder drop off of the pavement is caused by weak edges 

of the pavement. 

 
Fig. 3.9: Edge cracking and shoulder drop off 

 Weathering and Raveling 

It is the adhesion between the asphalt cement and aggregate. 

Deformation starts with breaking up of fine aggregates in 

small pieces and leaves small patches over the pavement. 

Later, the larger aggregates breaks and leaves rough surf ace. 
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Fig. 3.10: Weathering and raveling 

B. Factors Affecting the Performance of the Flexible 

Pavement 

These are the various factors which affects the performance 

of the pavement: Sub grade 

1) Traffic 

2) Moisture content 

3) Quality of material 

4) Maintenance 

 Sub Grade 

Sub grade is the underlying soil which supports the overall 

load of the traffic and transmits into it. Properties of sub grade 

material are important in determining the thickness of 

pavement. When sub grade stability is low, the thickness of 

pavement require is greater to protect it from wheel loads. 

 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: x Gross wheel load 

 Contact pressure 

 Dual or multiple wheel loads and Equivalent single 

wheel load x Repetition of loads 

 Moisture Content 

Moisture content significantly weakens the soil strength of 

the sub grade. 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. 

 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. 

 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. 

C. Materials 

Here the type of the materials provides on the flexible 

pavement: 

 Soil 

Soil is the main material of construction of fill or 

embankment and the sub grade of roadways. Soil is also used 

in other pavement layers usually as stabilized soil in sub-base 

and base course. The pavement layers are laid above the soil 

sub grade which provides the stability and support to the 

pavement. The design performance of a pavement 

particularly flexible one depends upon the type of sub grade 

and its properties. 

 Soil compaction is an important parameter in 

construction of a road. Compaction of soil sub grade 

improves the load supporting capacity of the pavement, 

which in turn results in decreased pavement thickness. There 

are various tests to be performed for evaluation of strength of 

soil sub grade and important one is CBR- California Bearing 

Ratio Test which is to be carried out in the laboratory. 

 Aggregates 

Aggregates bear the load stresses occurring on the road and 

runway pavements and they also abrasive action of traffic 

under dry and wet conditions, when used in wearing course. 

As compared to fine aggregates, coarse aggregate shave 

greater importance in pavement construction. Aggregates are 

used in construction flexible pavement layers and also as sub-

base course in rigid pavement construction. 

 There are various tests to be performed to check the 

desirable properties of aggregates e.g Aggregate Impact Test, 

Toughness Test or resistance to Impact test etc. 

The required properties of aggregates may be summarized as 

follows: 

1) Resistance against Impact loading. 

2) Resistance to abrasive action due to wheel loads. 

3) Resistance against getting polished due to moving 

traffic. 

4) Crushing strength must be adequate. 

5) Shape and gradation. 

6) Soundness or resistance against weathering action. 

7) Good adhesion with bitumen. 

8) Resistance against getting slippery surface. 

IV. BITUMINOUS MATERIALS 

Bitumen is binder used in pavement construction which 

includes both bitumen and tar. Bitumen is a petroleum 

product obtained by distillation of crude petroleum but the 

road tar is formed from destructive distillation of charcoal, 

coal or wood. Both bitumen and tar have same appearance but 

they differ in properties. Tar is rarely used in pavement 

construct on because of its undesirable e properties such as 

susceptible to temperature etc. 

A. Testing of the Materials 

A pavement is designed against a particular design period and 

is expected to give satisfactory service for the period of its 

design life. The recommended design life for National 

Highways and State Highways is 15 years and for 

Expressways or Freeways is 20 years as per IRC: 37-2001, 

when we talk about flexible pavements and for rigid 

pavements it can be taken 20-40 years. After the expiry of its 
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design period, the pavement starts to fail structurally and 

therefore it needs renewal to extend its life. Even during 

service life of pavement the wearing course gets deteriorated 

due to wheel loads and needs routine maintenance. 

 According to “Code of practice for maintenance of 

bituminous surfaces of highway” IRC:82, the defects of 

bituminous surfacing can be summarized as following: 

 CRACKS: For example, alli gator cracks, longitude 

cracks, transverse cracks, 

 shrinkage cracks, edge cracks, reflect on cracks etc. 

 DEFORMATIONS: For example, rutting, corrugations, 

settlement, heaving etc. 

 SURFACE DEFECTS: For example, fatty surfaces, 

hungry surfaces, smooth surfaces etc. 

 DISINTEGRATIONS: For example, stripping, loss of 

aggregates, formation of potholes, weathering and ravel 

etc. 

 Defects can be occurs in the various layers of the 

pavements. So, for all these defects measurements, we 

are going conduct the various type of tests: 

 Aggregate Crushing Value Test 

The test is performed on the aggregates for checking the 

mechanic cal properties of the material that is aggregate. It 

helps us to know 

 Satisfactory resistance to crushing under the roller during 

construction of pavement and under application of heavy 

wheel loads on the pavement. 

 Sufficient resistance to impact loads 

 Adequate resistance to abrasive action and getting 

polished under traffic movements. The test on the stone 

aggregates is carried out on Compression Testing 

Machine. The coarse aggregates which are used for 

pavement construction should be strong enough to resist 

the crushing under the load of the rollers during 

compaction. If the aggregates are weak, the stability and 

performance of the pavement is liable to be negatively 

affected. The resistance to crushing of the coarse 

aggregates under the progressively applied compressive 

loads is arti cul ated in terms of Aggregate Crushing 

Value. 

 A low aggregate crushing value indicates higher 

resistance to getting crushed under the application of specific 

load, hence aggregate crushing value should be low to 

achieve high quality pavement. 

 
Fig. 3.11: Compression testing machine 

a) APPARATUS 

1) Steel cylinder with central diameter 150 mm 

including an appropriate plunger and a piston 

2) Steel tamping rod having diameter of 16mm and 

length of 450-600mm 

3) Balance of capacity 3kg at least 

4) A Compressive Testing Machine (CTM) which is 

capable of applying load 50 tones at a uniform rate 

of 4-5 tones per minute 

5) IS sieves of having sizes 2.36mm, 10mm, 12.5mm 

6) Cylindrical measure having dimensions of internal 

diameter of 115mm and height 180mm 

b) Preparation of the Test Sample 

The sample of coarse aggregate which are passing from 

standard 12.5mm IS sieve and getting retained over 10mm IS 

sieve is to be taken. If the sample of aggregates is not dry it 

should be oven-dried by heating at a temperature of 100-110 

degrees for 4 hours and then allowed them to cool at a room-

temperature. The sample is filled in the cylindrical measure 

in 3 layers and tamped 25 times with tampi ng rod, the depth 

of each layer being approximately equal. Then the aggregates 

at the top layer are leveled and the sample is weighed. 

c) Procedure 

It consists of the aggregates passing from 12.5mm sieve and 

retained on 10mm sieve. The aggregate should be oven-dried 

by heating at 100-110°C. 

1) Sieve out the material through 12.5mm and 10mm 

from IS sieve. The test material should be passed 

from 12.5mm of sieve and retained on 10mm. 

2) The cylinder of the test shall be put in position on 

the base plate and the sample should be added in 3 

layers and each layer will subjected to 25 strokes 

with tempered rod. 

3) The aggregate should be leveled properly after 

tempering. 

4) A plunger is inserted in such a way that it laid 

horizontally at its surface. Proper care must be taken 

as to make assure that it doesn’t jam in the cylinder. 

5) Put the material under the compaction testing 

machine. 

6) The load is applied gradually as the total load is 

reached in 10 minutes. The total load shall be 40 

tones. 

7) Now, release the load and crushed material is to be 

collected from cylinder. 

8) Crushed material is now sieved out by 2.36mm IS 

Sieve. 

9) The material passing the sieve will be weighed and 

recorded. 

Aggregate crushi ng Value = W2/W1* 100 in percentage 

= Total weight of dry sample in gms 

= Weight of portion passing 2.36 mm sieve. 

 Aggregate Impact Value Test 

This experiment is done on the aggregates to check the 

toughness of the materials. Due to the heavy vehicular 

movement on the road, the aggregates are subjected to the 

sudden load as a result, break down takes place. The 

aggregate should have sufficient toughness to resist the 

disintegration from the impact of wheels of the vehicles. 

Therefore, this characteristic is measured by Impact value test 

in terms of testing of the materials. 
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Fig. 3.12: Impact Testing machine 

a) APPARATUS: 

 x Steel cylinder with central diameter 150 mm 

including an appropriate plunger and a piston 

 x Steel tamping rod having diameter of 16mm and 

length of 450-600 mm 

 x Balance of capacity 3kg at least 

 x Impact Testing Machine having capacity 45 to 60 

kg. 

 x IS sieves of sizes 2.36mm, 10mm, 12.5mm 

 x Cylindrical measure having dimensions of having 

internal diameter of 115mm and height 180mm 

b) Procedure: 

1) The test sample having capacity size 10mm and 

12.5mm are taken. The aggregates must be oven-

dried by heating at 100-110°C for a period of 4 hours 

and allow them to cool. 

2) Sieve out the test material through 12.5mm and 

10.0mm from IS sieves. The aggregate passing from 

12.5mm sieve and retained on 10mm sieve were 

taken. 

3) Now, put the aggregates to the measuring cylinder 

as it filled about just 1/3 rd depth. 

4) Then compact the material by giving 25 blows with 

the tamping rod. 

5) We add 2 more layers of aggregate in the same way, 

so that cylinder will be full. 

6) Now, strike the remaining aggregates. 

7) Find out the total weight of the aggregates which is 

taken as W. 

8) Put the impact machine on the level plate on the 

floor. 

9) Put the sample in a mould and place under the 

machine and tempered it 25 times with temping rod. 

10) Now, pull the hammer up at its lower end is 382mm 

above the aggregate sample in the mould and allow 

it to fall. 

11) Remove the crushed aggregate from the mould and 

si eve it out from 2.36mm IS sieve. 

12) Weigh the crushed sample passing the sieve 

carefully. Also, weigh the material which was 

retained in the sieve. 

13) Now, calcul ate the aggregate impact value on the 

basis of their formul as. 

Therefore, Aggregate Impact value= W2/W1* 100 in 

percentage 

= Total weight of dry sample in gms 

= Weight of portion passing 2.36 mm sieve  

 Los Angeles Abrasion Test 

Due to the heavy vehicular movement, the surface coarse of 

the road pavement is subjected to the wearing and tearing 

action at the top surface. So the road aggregates used in the 

surface course should possess enough hardness or resistance 

to abrasive action. When the vehicular loads on the pavement 

surface moves at a greater speed, the soil particles present 

between the road surface and types causes abrasion to the 

road surface. Steel types of animal drawn vehicles cause 

noteworthy abrasion of road surf ace. 

 Los angels abrasion test is used to determine the 

abrasion of the aggregate which are used in the construction. 

. In order to determine the hardness of aggregates IRC (Indian 

Road Congress) has suggested Los Angeles Abrasion test 

over the other tests. It determines the percentage wearing and 

tearing due to relative abrasion between the aggregates and 

the steel balls which we used as a charge while performing 

the test. 

 
Fig. 3.13: Los Angels Abrasion Testing Machine 

a) Apparatus: 

 x Los Angeles Abrasion Testing machine 

 x 1.70 mm IS sieve 

 x abrasive charge depending on grade of aggregates 

x balance 

 x oven 

 x tray 

b) Procedure: 

Clean the aggregates that have been oven dried at a 

temperature of 105-110°C, to constant weight. The grade of 

the aggregate to be used in the test should be closest to those 

used in road construction. 

 Take the aggregate sample weighing 2.5kg and 

place them in the LA abrasion testing machine. 

 Add steel charge balls as per grading. Here we are 

using 8 balls. 

 Fix the cover of machine and tighten the bolts so that 

no material is lost during the test. 
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 Now, allow the machine to rotate at a specified 

speed of 30-33 revolutions per min. and the 

specified number of revolution is 500 for the grade 

C. 

 If the revolutions are complete, the machine is 

stopped and the material is removed out and dust is 

taken care off. 

 The material is sieved out on 1.70 mm sieve and then 

washed and dried up. 

 Penetration Test 

 
Fig: 3.14: Penetration test apparatus (Penetrometer) 

 Consistency of bituminous materials depends upon 

numerous factors such as its composition and temperature 

when temperature lies between 25-50 degrees. Most of the 

paving grade bitumen remains either in plastic or semi-solid 

state and have high viscosity because of which they cannot be 

mixed with aggregates. But there are certain grades of 

cutback bitumen and bituminous emulsion which possess low 

viscosity at this temperature and can be easily mixed at low 

temperatures without heating. 

 Penetration value we used to find the consistency of 

bituminous material and measure of hardness. It is the vertical 

distance penetrated by the needle point in to the bituminous 

material under the specific load condition, time and 

temperature. This distance is measured in one tenths (1/10th) 

of an mm. This test is used for finding out the consistency of 

bitumen. 

a) Apparatus: 

 Container: A flat bottom, cylindrical metallic dish having 

dia. 55cm and 35mm of depth is required. If we get the 

penetration value is of the order of 225 or more, dish of 

having 70mm dia. and 45mm depth is to be taken. 

 A Standard needle: A straight, good quality, conical end 

needle. 

 Water Bath: It should maintain at 25±0.1°C to the sample 

to be immerged to the depth should not less than 100mm 

from top and supported on perforated shelf shouldn’t be 

more than 50 mm. 

 Penetration Apparatus or Penetrometer: It should allow 

the needle to penetrate with appreciable friction for 

desired time duration and should accurately give results 

in 1/10 of mm. 

 Thermometer: It should be readable upto 0.2°C. 

b) Procedure: 

1) Test specimen preparation: - First of all, soften the 

bitumen to a pouring consistency at a temperature 

between 75° to 100°C above its temperature which 

soften the bitumen and stir the material thoroughly 

to make it homogeneous and should free from air 

bubbles and water. Pour the melt sampl e into the 

container at a depth at least 15mm in excess of the 

expected penetration. Now, allow it to cool at an a 

temperature between 15° to 30°C for 1 hour. Then 

place it with the transfer metallic dish in the water 

bath at 25° ± 0.1 °C. 

2) Now, fill the metallic dish with water to a sufficient 

depth so that it completely covers the container. 

Place the sample under the needle of penetrometer 

and put this on the stand of the given apparatus. 

3) Now, clean up the needle with benzene solution 

(C6H6), allow it to dry and then adjust it with the 

weight. The total moving load should be 100gms by 

including the weight of the needle, super-imposed 

weight and carrier. 

4) (iv) Adjust the needle using the adjusting screws to 

make the contact with the surface of the given 

sample. 

5) Set the pointer on the penetrometer dial to read 0 and 

note down the initial readi ng. 

6) Now, release the needle by pressing the knob for 

exactly 5.0 sec. 

7) Note down the final reading by the adjustment of 

penetrometer for checking the penetration. 

8) At least 3 readings at points after testing the sample 

should not be less than 100mm apart. 

9) Clean the needle with benzene carefully and dried. 

10) (ix) Now sample container is also transfer in the 

water bath before next testing is to be done so as to 

maintain the temperature 25°C at the constant rate. 

11) Penetration value will be calculated on the basis of 

their mean by taking the values of initial and final 

penetrations in considerations. 

 Softening point of the Bitumen 

The softening point of the bitumen is that temperature at 

which the bituminous material gets soften. It consists of 2 

steel balls having dia. 9.5 mm each which place between the 

two brass rings and heated up under water at a constant 

temperature. As the rings touches the ground, the temperature 

will be counted as softening point temperature. 

a) Apparatus: 

 Two steel balls having dia 9.5 mm each 

 Two brass ring members to support the balls in between, 

having diagram from   top to bottom 17.5 mm and 15.9 

mm respectively. 
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 One support- beaker- so it can hold the rings in position. 

 Thermometre 

b) Procedure: 

1) Take two steel balls having dia 9.5 mm each and 

should have weight 0.05 gms. Also, take two 

members of brass rings having depth of 6.4 mm and 

having dia. from top 17.5 mm and from 15.9 mm 

respectively. 

 
Fig. 3.15: Softening Point Apparatus 

Now, assemble the apparatus with the rings and put 

thermometer in position. 

Fill the beaker with water at a height of 50 mm from the upper 

surface of rings and it shoul d be at temperature of 5°C. 

Note:- we can use glycerin as well only if we want the 

softening point above than 80°C and initial temperature must 

be at 35°C. 

2) Now, apply heat to the beaker and stir the liquid so 

it can maintain the constant temperature 5±0.5°C. 

3) As the temperature i ncreases, the balls start getting 

soften and sink through the ring along with some 

portion of bitumen. 

4) Note down the readings as the balls touches the 

surface of the beaker. 

5) Record the temperature when both balls touch the 

base. And by taking the average of both, it will be 

the softening point of the bitumen. 

 Ductility test of the bitumen 

Apparatus: - standard briquette mould, Ductility testing 

machine, water bath, thermometer having range 0 to 44°C 

 
Fig. 3.16 (a):- Briquette apparatus 

 
Fig. 3.16 (b):- Ductility Machine 

a) Procedure: - Heat the bitumen at a temperature more 

than 100°C till become liquid. 

 Assembl e the moul ds on the brass plate. 

 Get the mould oily internally with glycerin and 

dextrin to prevent it from sticking while pouring the 

bitumen into the moulds. 

 Now, pour the bitumen into the briquette moulds 

until it get level full. 

 Allow it to cool at room temperature for 30-35 

minutes and then put the moulds into the water bath 

to make it specific temperature for 30 minutes. 

 Remove the excess bitumen with the help of sharp 

blade or knife 

 Put the brass plate and mould with briquette 

specimen for one and half hour. 

 After that, remove the briquette from the plate and 

detach the side pieces. 

 Now, clamp the sample with rings at each end of the 

testing machine. 

 Adjust the reading of the machine at 0. 

 Now, start the machine and pull clips at a constant 

speed 50 mm per minute. 

 As it moves, the bitumen tends to elongate. The 

point where it thread of the bitumen breaks, note 

down the readi ng. 

1) Take such 3 reading and compute the ductility of the 

material. 

V. CONCLUSION 

The case study was undertaken to investigate the road failures 

on the particular stretch (Lucknow main gate to Barabanki) 

and purpose of this research is to analyze and evaluation of 

the pavement failures. Various results and conclusions are 

drawn below: 

1) The technique is based on the past experiences by 

keeping literature reviews in mind and selected the 

simple and best suitable method of analysis. 
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2) Pavement condition Index (PCI) was found out to know 

the condition of the pavement according to its distress 

sheet as per severity level from ASTM -D6433. From the 

method of pavement condition index, we got know the 

condition of the pavement which was coming out to be 

very poor in the range. The defects having the high 

severity level was found out to be al li gator cracks. 

3) Since the maintenance option is required because the 

pavement is severe. So various kind of tests were 

performed on the sample which was taken from the site 

and we found that the failures was coming by the 

different reasons which I have already mentioned in the 

chapter 4 of part 4 and gave the best maintenance option 

for the pavement failures. 
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