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 India has a total road network of approximately 6.7 million kilometers (kms), making 
it the second-largest road network in the world.

 Road Network Statistics

 Road network of India carries 60-71% of freight and 87-95% of passenger traffic.
India’s freight transport market in is huge and growing, valued at 157.45 billion USD
in 2024 and projected to 222.14 billion USD by 2034

 National Highways which are mere 2% of the total road network carries almost 40 to
50% of the total freight

 Majority of the National highways in India are flexible (bituminous) pavement.

Highway Network

Length (%)Length (km)Category

2.19151,000National Highway (MORTH)

3.00186,528State Highway (PWD)

10.17632,154District Road (PWD)

72.974,535,511Rural Road (PMGSY)

8.76544,683Urban Road (Municipal Corporation)

5.7354,921Project Road (SAIL/ NMDC/ BRO etc.)

1006,404,797Total



 Majorly two factors are determined to evaluate the quality of road infrastructure in the world.

 Mean Speed Score : International Monetary Fund (IMF)

 MS score is a measure of cross-country road quality based on the travel time between large cities according to Google 
Maps. 

 “India has mean speed score of 58 compared to around 100 scored by the chart leaders”.

 Road Quality Indicator : World Economic Forum (WEF)

 It is one of the components of the Global Competitiveness Index published annually. This score is given based on a 
long-running and extensive survey, tapping the opinions of over 14,000 business leaders in 144 countries.

 The WEF Road quality indicator ranges in a scale of 1(low) - 7(high). The world average is 4.07 points and India’s 
average updated on 2019 is 3.7 points. 

Based on the 2024 statistics of IMF, Singapore is ranked as no 1 and India at 51st place in Road Quality Index. 

Can we be the no 1…. If Yes, then How?

Road Quality Index



Types of Pavement Distress – Bituminous Pavement

Pavement Distress

Functional Failure Structural Failure

Rectification Rehabilitation
Streaking/ Bleeding Slippage

Ravelling Potholes

Rutting Alligator Cracking

Shoving Transverse Cracking

Typical Functional Failures Typical Structural Failures

 More than 90 % of pavement in India are Flexible in Nature. 

 If effective pavement maintenance management system been implemented, India can improve its ranking and road quality index.

 Flexible pavements shall have pavement distresses broadly categorized in to Structural and Functional failure



Causes and Impact of Pavement Distress

 Safety

 Riding Quality and Comfort of road users

 Vehicle operation cost

 Integrity of Pavement Structural Health and Life cycle cost

 Overall Economic Growth of the Country

Thus, Identifying, Understanding, and Measuring Pavement Distresses Accurately and its timely Rectification Becomes Necessary…..

Improper DrainageTraffic Loading Poor Quality Soil for SubgradePoor Construction Practices

Causes

Impact



Distress Maintenance of Flexible Pavements

 Flexible pavements shall be maintained as per IRC: 82.

 And the Flexible pavement maintenance are broadly classified in to three categories.

 Routine Maintenance - It is conducted throughout the year to maintain basic functionality of the
pavement, like pothole filling, repair of cracks, patch work etc.

 Preventive Maintenance – It is performed to improve or extend the functional life of pavement surface
while in good structural condition.

 Periodic Maintenance – This includes regular maintenance operations compared to preventive
maintenance to be carried out at specified frequency based upon condition or performance of the road
surface.

 IRC 82 evaluates a pavement based on Pavement Condition Index (PCI).



Distress Measurement and Maintenance as per IRC 82: 2023

Evaluation of Extent 
of Distress

Evaluation of Rut 
Depth (mm)

Evaluation of IRI 
(m/km)

Individual Indices 
(Cracking, Ravelling, 

Patching, Pothole)
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Weighted sum of each 
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Determination of Pavement Condition Index (PCI)

Poor to FailSatisfactory to FairExcellent to Good
Condition

FailPoorFairSatisfactoryGoodExcellent

0 to 20> 20 to 40> 40 to 60> 60 to 80> 80 to 90> 90 to 100PCI

Re –ConstructionMajor Rehabilitation Minor Rehabilitation RenewalPreventiveRoutineRecommendations

PCI Scale

Extent of pavement distresses can be measured based on visual pavement condition survey and NSV (Network Survey Vehicle)



Network Survey Vehicle (NSV)

 A Network Survey Vehicle (NSV) is a specialized vehicle equipped with technologies
like lasers, GPS, and video imaging to collect road condition and inventory data.

 How it works:

 Road Data Collection

 Longitudinal and Transverse Profiling: Measures the surface profile of the road
to assess roughness and rut depth.

 Pavement Texture: Evaluates the texture of the road surface.

 Road Geometry: Captures data on road alignment, cross-slopes, and curves.

 GPS Coordinates: Provides accurate location data for each section of the road.

 Video Imaging: Captures video footage of the road surface and roadside
features for visual documentation and analysis.

Laser Scanning
(Uses lasers to generate a 

detailed 3D map of the road 
surface)

GPS 
(Provides precise location 

data to  correlate with laser 
data)

Video Cameras
(Capture video footage of the 

road surface and roadside 
features)

Data Processing 
(The collected data is 

processed to generate reports 
and visualizations for analysis 

and decision-making)



Measurement  of Pavement Condition Index as per IRC 82: 2023

Distress Extent RUT Depth Index Roughness PCI



Distress Measurement Criteria

Pavement Condition Index

RatingTOTAL 
PCI

Rut 
Depth 

PCI

Rut 
Depth in 

mm
IRI PCIIRI in 

m/Km
Patching 

PCI
Patching 
Extent %

Patching 
Area

Ravelling 
PCI

Ravelling 
Extent %

Ravelling 
Area

Pothole 
PCI

Pothole 
Number

Pothole 
Area (m2)

Crack 
PCI

Cracks 
Extent %

Area of 
Crack

Satisfactory68.3289.303.2027.380.2097.020.000.0092.640.320.3499.8300.0098.940.0040.0038

Excellent89.9191.692.8094.081.6781.561.294.5284.211.043.6378.8010.1099.080.5331.8657

Satisfactory67.3291.692.8056.401.0059.034.5415.8887.650.732.5541.0120.1898.950.0200.0692

Satisfactory76.5596.031.9079.362.5573.852.147.4981.021.344.7034.2130. 2598.950.0210.0738

Good83.5593.312.50101.102.0069.222.759.6376.841.796.2630.8140.3899.100.2700.9440

Good82.2188.673.30100.481.8883.851.073.7583.671.093.8125.4850.4487.113.54012.3900

• PCI decreases with increase in Extent of Distress.

• IRI and Pothole has maximum impact on PCI.

• For IRI 2 m/km PCI is 100, however with decrease 

in IRI less than 2, PCI further decreases.

• For IRI less than 2 m/km, PCI should be 

considered as 100? Guidelines are not clear.

Pavement Distress and Roughness Index Based 
Rating for Highways (IRC : 82-2023)

Range of Distress
Defect 

Type Poor to FailSatisfactory to 
Fair

Excellent to 
Good

> 105 to 10< 5Cracking 
(%)

> 101 to 10< 1Ravelling 
(%)

> 21 to 2NilPotholes 
(No)

> 101 to 10< 1Patching 
(%)

> 105 to 10< 5Rut Depth 
(mm)

PCI WeightDistress 
Parameter

0.40IRI

0.16Pothole

0.14Rut Depth

0.12Cracking

0.10Ravelling

0.08patch Work



Distress Measurement Criteria

• Majority of Concession Agreements have minimum roughness value as maintenance criteria

Roughness Index (mm/km)Pavement Condition

< 1800Excellent to Good

1800 to 2400Satisfactory to Poor

> 2400Poor to Fail

Roughness Criteria as per IRC : 82 - 2023

Roughness

IRI discrepancy in calculation as per IRC 82 
Recommended As per Present IRC 82 Calculations 

ProposedOriginal
11.870.1298.95Cracking11.8740.1298.95Cracking

6.560.1641.01Pothole6.56160.1641.01Pothole
8.770.187.65Ravelling8.7650.187.65Ravelling
4.720.0859.03Patching4.72240.0859.03Patching

40.000.4100IRI22.560.456.4IRI
12.840.1491.69Rut Depth12.83660.1491.69Rut Depth
84.7667.3196

GoodSatisfactory

Contractual Agreement

BOT TOT Annuity HAM

2500 / 2400 
mm/km

2400 
mm/km

2200 
mm/km

2750 
mm/km

3.4 / 3.3 m/km 3.3 m/km 3 m/km 3.7 m/km
• Example calculation for RI 1 m/km.



Drawbacks of NSV

Potholes
• Clause 7.5.3.4 of IRC 82:2015 describes the severity of a pothole

Severity
Average 

Depth (in 
mm)

Max 
Depth (in 

mm)

No of 
Potholes (IRC 

82: 2023)

Area (in Sq
m)

Low6.70010.80090.009

Low6.80010.900170.017

Low7.80010.500180.018

Low6.40010.50090.009

Low6.70010.100110.011

Low5.40010.20080.008

Low6.80010.800100.010

Low6.00010.40080.008

Low6.60010.50050.005

Low6.00010.800100.010

Pothole data recorded in NSV

 No such definition is given in the revised code, IRC 82:2023. It defines one pothole unit as 300 
mm dia circle

 An object like paper, polyethene bag, mud pump etc. are detected as potholes, thus the 
pothole number increases.

 Pothole PCI ~ No of potholes

 In one of the projects authority issued a letter for rectification of 2193 potholes, however, 
using the criteria of IRC 82: 2015 pothole numbers reduced to 115, and on ground actual 
pothole numbers were even less.



Drawbacks of NSV

 Accuracy of laser sensors gets compromised in following situations

 Wet Condition of Pavement

 Pavement with High IRI – Sensors may get damaged and may need frequent calibration

 Speed of NSV

 Data accuracy is compromised if speed is less than 20 kmph. On a busy road if overtaking is not possible, driving

with designated speed becomes difficult and improper data gets collected

 Skilled Operator/ Driver

 Accuracy and correctness of data greatly depends on the skill of the driver driving the vehicle and operator

processing the data

 Measurement of Roughness

 NSV roughness data includes measurement on speed breakers, WIM, road furniture, road marking etc. These areas

should be excluded by visual inspection.



For Your Attention

Thank You


