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Defects in 
“Bitumen Pavements”“Bitumen Pavements”

resulting from
Improper Quality Management



1.Surface Defect – 1.1Fatty Surface, 1.2Smooth Surface, 
1.3Streaking,1.4 Hungry Surface

2.Cracks –2.1 Hairline Cracks,2.2 Alligator Cracks,2.3 
Longitudinal Cracks, 2.4Edge Cracks,2.5 Shrinkage Cracks 
and 2.6 Reflection Cracks 

DEFECTS IN BITUMINOUS SURFACINGS 
(IRC: 82-1982)

and 2.6 Reflection Cracks 

3.Deformation –3.1 Slippage,3.2 Rutting, 
3.3Corrugations,3.4 Shoving,3.5 Shallow Depressions,3.6 
Settlements and 3.7Upheavals

4.Disintegration –4.1 Stripping,4.2 Loss of 
Aggregates,4.3 Reveling,4.4 Potholes and 4.5 Edge 
Breaking



1.Surface defects

These are associated with the surfacing layers 
and may be due to excessive or deficient 
quantities of bitumen in these layers. 
These types areThese types are

•1.1Fatty surfaces
•1.2Smooth surfaces
•1.3Streaking
•1.4Hungry surfaces 



1.1 Fatty Surface 

Causes:
•Excessive binder in a premix surfacing
•Loss of cover aggregates in surface dressing
•Non uniform spreading of cover aggregates

(If excessive binder is used)

A surface having thin film of excess or free bitumen binder onit. The binder so
collected becomes generally soft in hot weather and may be picked up and spread
by the traffic. In cold or wet weather, the surface is likely to be slippery and this
can cause accidents.

•Excessive application of binder
•Poor quality of aggregates
•Too heavy a prime or a tack coat
•Excessively heavy axle loads
Treatment:
•Application of cover aggregates or sand
•Open-graded premix surfacing with low bitumen
•Burning of excessive binder
•Removing and re-laying



Fatty surface

(If excessive binder is used)



Fatty surface

(If excessive binder is used)



(If excessive binder is used)



1.2 Smooth Surface

Smooth surface has a very low skid resistance
value and becomes very slippery when wet.It is 

(If excessive binder is used)

A smooth surface, Photo 2 has a very low skid resistance
value and becomes very slippery when wet. Such a condition
invites hazards, especially on gradients, bends, and intersections.

value and becomes very slippery when wet.It is 
very dangerous in gradients bends and at 
intersections
Causes:
•Excessive binder 
•Polishing of aggregates under traffic
Treatment:
•Re-carpeting with pre-mix
•Slurry seal, sand



Smooth surface

(If excessive binder is used)



1.3 Streaking

Streaking is characterized by the appearance of 
alternate lean and heavy lines of bitumen either
longitudinal or transverse.
Causes:
•Applying bitumen binder at too low 

(If low heating of binder is adopted)

•Applying bitumen binder at too low 
temperature 

•Poor adjustment and careless operation of 
bitumen distributors.
•Mechanical faults
Treatment:
•Remove and application of new surface
•Prevention is better than to correct it.



(If low heating of binder is adopted)

Streaking



1.4 Hungry Surface

It is characterized as the loss of aggregates from
the surface or appearance of fine cracks 
Causes:

(If less binder is used)

Causes:
•Use of less of bitumen in surfacing
•Use of absorptive aggregates in the surfacing
Treatment:
•Slurry seal fog seal 
•Applied at an average thickness of 2-5 mm.



Hungry surface

(If less binder is used)



The common defect in bituminous 
surface is the formation of cracks.
the common types of cracks are 

•2.1 Hair-line cracks

2.Cracks

•2.1 Hair-line cracks
•2.2 Alligator cracks 
•2.3 Longitudinal cracks
•2.4 Edge cracks
•2.5 Shrinkage cracks
•2.6 Reflection cracks



2.2 Alligator crack

These appear as interconnected cracks forming small
blocks which resemble the skin of an alligator
Causes:
•Settlement of below pavement layers due to 
inadequate compaction

(If over heating of binder is adopted)

inadequate compaction
•Application of excessive magnitude of wheel loads.
•Repetition of heavy wheel loads under adverse 
environmental condition

•Hardening of bitumen in the mix due to rapid 
weathering action

•Brittleness of binder either due to aging or initial 
overheating



Alligator cracks

(If over heating of binder is adopted)



2.3 Longitudinal cracks

Appear more or less as straight line along the road
these may appear at the joint between the pavements

Causes:

(Weak pavement joints)

Causes:
•Weak jointing between adjoining spreads in the
layers of the pavement.

•Differential frost heave along the center line
•Cracking at the pavement-shoulder joint may also
occur due to alternate wetting and drying beneath
the shoulder surface owing to poor drainage



Longitudinal crack



2.4 Edge cracks

These are formed parallel to the outer edge of the
pavement usually 0.3 - 0.5m inside from edge.
Causes:
•Lack of lateral support from the shoulder
•Settlement or yielding of the underlying material.

Lack of lateral support

•Settlement or yielding of the underlying material.
•Inadequate surface drainage,especially during 
flooding conditions
•Shrinkage due to drying out of surrounding earth
frost heave
•Inadequate pavement width forcing traffic too close
to the edge of the pavement.
•Non provision of extra width of pavement on curves
•Erosion of soil from shoulders



Edge Crack

Lack of lateral support



2.5 Shrinkage cracks

These are cracks appearing in the transverse 
direction or as interconnected cracks forming 
a series of blocks

(If poor compaction is adopted)

a series of blocks

Causes:
•Shrinkage of the bituminous layer itself with age.
•Poor, inferior compaction of various layers
•Non uniform settlement of embankment



Shrinkage Crack

(If poor compaction is adopted)



2.6 Reflection cracks

These are reflection of cracks in the pavement
underneath. the pattern may be longitudinal,
transverse, diagonal or block.

(improper jointing of layers without crack filling)

Causes:
•Joints and cracks in the pavement layer underneath
•Occur in overlays where cracks in the old pavement
have not been properly repaired.
•In widening improper jointing of both old and new
pavements



Treatment of cracks

•Crack filling with bituminous binder having 
low viscosity
•Cut-back bitumen and emulsions are 
generally usedgenerally used
•Slurry seal or sand bituminous pre-mix 
patching is used to fill the cracks.
•If cracks are fine brooming of emulsified 
bitumen into the cracks followed by sanding 
to prevent the picking up the binder by the 
traffic



Reflection crack



Any change in shape of the pavement 
from its original shape is a deformation. 
the following are the types

•3.1 Slippage

3.Deformation

•3.1 Slippage
•3.2 Rutting
•3.3 Corrugations
•3.4 Shoving
•3.5 Shallow depressions
•3.6 Settlements & upheaval



Slippage is the relative movement between
the surface layer beneath.
Causes:
•Unusual thrust of wheels in a particular direction

3.1 Slippage
Inadequacy of tack coat

•Unusual thrust of wheels in a particular direction
•Omission or inadequacy of tack coat
•Lack of bond between surface and lower courses 
•Failure of bond between two layers due to 
•Excessive deflection of the pavement
Treatment:
•Removing the effected area and patching the area 
with premix material



3.1 Slippage

(Inadequacy of tack coat)



It is a longitudinal depression or groove in the
wheel tracks.
Causes:
•Heavy channelised traffic
•Inadequate compaction of the mix

3.2 Rutting
Improper compaction

•Inadequate compaction of the mix
•Improper mix design
•Inadequate pavement thickness
•Use of inferior materials in any of the layers
•Intrusion of sub grade clay into base course
Treatment:
•Rectification shall be done by filling with premix
•Open-graded or dense graded patching material



Rutting along wheel path

(Improper compaction)



It is formation of fairly regular undulations
across the bituminous surface
Causes:
•Lack of stability in the mix 

3.3 Corrugation
(unstable mix design)

•Lack of stability in the mix 
•Oscillations set up by the vehicle springs can 
cause alternative valleys and ridges

•Faulty laying of surface course
Treatment:
•If surface is thin the same shall be scarified 
then a new surfacing layer has to be laid

•Spreading of sand bituminous premix 





Shoving is a form of plastic movement within
the layer resulting in localized bulging.

Causes:
•Lack of stability in the mix

3.4 Shoving
(unstable mix design)

•Lack of stability in the mix
•Lack of bond between surface and lower courses
•Heavy traffic movement of start & stop type 
•Use of non-volatile oil on roller wheels
Treatment:
•Removing the effected area and patching the 
area  with premix material



Shoving

It is a form of plastic movement within
the layer resulting in localized bulging



Shoving

It is a form of plastic movement within
the layer resulting in localized bulging



Shoving



These are localized low area depressions limited
size dipping about 25mm or more below profile
resulting localized bulging of pavement surface
Causes:

3.5 Shallow depression
Improper compaction

Causes:
•Settlement of lower pavement layers
•Inadequate compaction of sub grade or pavement
layers  
Treatment:
•Filling with premix material  open graded or dense
•Graded and compacting to the desired profile 



Shallow depression

(Improper compaction)



These are characterized by large deformations 
of the pavement  
Causes:
•Inadequate compaction of the fill of embankments
•Excessive moisture in sub grade

3.6 Settlement & upheaval
(Excessive moisture in sub-grade)

•Excessive moisture in sub grade
•Caused due to capillary action or poor drainage
•Inadequate pavement thickness
•Frost heave conditions
•Improper compaction of pavement layers  
Treatment:
•Excavate the defective fill and doing embankment 
afresh under controlled conditions 



Upheaval



It is the separation of bitumen adhering to the
surfaces of the aggregate particles
Causes:
•Use of hydrophilic aggregates 
•Inadequate mix composition
•Continuous contact of water with coated chips

4.1 Stripping
( over heating of binder & aggregates)

•Continuous contact of water with coated chips
•Over heating of binder, aggregates or both
•Occurrence of rain or dust storm immediately after 
construction 
•Use of improper grade of bitumen or ageing of bitumen 
Treatment:
•Course sand heated at 150 oC shall be spread
•Existing mix shall be removed and a fresh one laid 





4.1 Stripping

( over heating of binder & aggregates)



Rough appearance is due to some portions 
having aggregates intact and other aggregates
have been lost
Causes:
•Ageing and hardening (oxidation) of the binder

4.2 Loss of aggregate
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•Ageing and hardening (oxidation) of the binder
•Stripping of binder from aggregates due to cold or wet
•Insufficient binder for the size of the aggregate used
•Aggregates having no affinity to the binder
•Insufficient rolling before opening to traffic
•Fast traffic over new work  
Treatment:
•Applying liquid seal, fog seal or slurry seal  



4.2 Loss of aggregate 

(If insufficient binder is used)



Progressive disintegration of the surface due to
the failure of the binder
Causes:
•Inadequate compaction during construction
•Construction during wet weather
•Construction during cold weather

4.3 Ravelling
(If insufficient binder is used)

•Construction during cold weather
•Use of inferior quality aggregates
•Insufficient binder in the mix
•Over heating of mix or binder
•Improper coating of aggregates by binder  
Treatment:
•slurry seal
•Renewal coat with premix material  



4.3 Ravelling

(If insufficient binder is used)



Bowl-shaped holes of varying sizes usually 
appear after rains
Causes:
•Isolated weak spots due to defective material

4.4  Pot- hole
(Isolated weak spots)

•Isolated weak spots due to defective material
•Improper compaction
•Segregation of mix during construction
•Stagnation of water below the pavement
•Insufficient bitumen content in localized areas
•Caused due to too much fines or too few fines  
Treatment:
•Filling with premix open graded or dense graded



Pot hole
common

Phenomena

Insufficient bitumen
In localized area

and
Poor compaction



Common defect where edge of bituminous surface
gets broken 
Causes:
•Infiltration of water

4.5  Edge-breaking
Inadequate lateral support

•Infiltration of water
•Worn out shoulders resulting insufficient lateral support
•Inadequate strength at the edge
•Lower layer of pavement not wider than upper layer
Treatment:
•Sectioning of shoulders and compaction
•Adequate side slopes to the shoulders
•Pavement and shoulders be built simultaneously



Edge Breaking

(Inadequate lateral support)





Conclusions



Maintenance of Roads
IRC Manual for maintenance of Roads

1. Due to increased growth of traffic on the
roads accompanied by steady increase in the 
axle loads of commercial vehicles maintenance 
of roads has become and inevitable part of road of roads has become and inevitable part of road 
activity
2. Proper and timely maintenance of Roads is 
very important in preserving the investments 
made on road facilities.
3. It is also important in providing safe 
transportation at a satisfactory level of service.



5.Adoption of an easy and quick reporting and 
recording system.

6.Observance of duties and responsibilities 
assigned to staff, evaluation of productivity and 

Classification of Maintenance of Roads-2
IRC Manual for maintenance of Roads

assigned to staff, evaluation of productivity and 
solving field problems.

7.Training of all involved in maintenance 
methodology and operations

8.Personnel involvement of all concerned with 
maintenance, right from Engineering 
supervisory staff down to gang men.



Frequency of inspections for condition
IRC Manual for maintenance of Roads

Type 
of 

road

E.E. A.E S.O

Routine Special Routine Special Routine Special

NH 
&
SH

Twice 
in year
(Aprl,
Oct)

Before 
and 
after 
monsoo
n

Once 
in two 
months
. 
Jan,Mar,
May,July, 
Sept, 
Nov & 
Dec

Before 
and 
after 
monsoo
n

Once a 
month

Every 
week



The total of an item’s ownership over its life cycle. 

This includes initial acquisition costs ( right of 

Life cycle cost

This includes initial acquisition costs ( right of 
way, Planning, designs, construction) operation, 
maintenance, modification, replacement, 
demolition, financing, taxes, disposal, and 
salvage value as applicable.



RECOMMENDED ROUGHNESS VALUES 
(mm/km) 

SURFACSURFAC
E TYPEE TYPE

GOODGOOD AVERAGEAVERAGE POORPOOR VERY VERY 
POORPOOR

BC/ BC/ 20002000-- 25002500-- 35003500-- Over Over BC/ BC/ 
SDBCSDBC

20002000--
25002500

25002500--
35003500

35003500--
40004000

Over Over 
40004000

PMC/ PMC/ 
MSSMSS

25002500--
45004500

45004500--
55005500

55005500--
65006500

Over Over 
65006500

SDSD 40004000--
50005000

50005000--
65006500

65006500--
75007500

Over Over 
75007500
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