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Abstract— The interaction between road pavement and
vehicle tyre influences many factors, directly or indirectly
related to safety and efficiency of road exercise. The
geometry of a paved road surface is usually described by
means of specific characteristics or properties like texture, the
evenness or the roughness and deflection and these
interaction effects determined some functional performance
of pavement that are related to the correct and the reliable use
of road infrastructure especially in terms of users safety and
comfort. For these reasons it is important to be able to
determine or measure the pavement surface unevenness
conditions in order accurately developed the design and
construction activities as well as to plan and realized the most
appropriate pavement management and evaluation program
when the infrastructures are subjected to the wear due to
traffic and environmental actions. Pavement evaluation is a
technique of assessing the condition of a pavement, both
structurally and from the point of view of surface
characteristics relatives and their economic evaluation.
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I. INTRODUCTION

The interaction between road pavement and vehicle tyre
influences many factors, directly or indirectly related to
safety and efficiency of road exercise. Various characteristics
of road pavement have importance for these problems but a
primary road is reserved to be surface geometry. For this
purpose the geometry of a paved road surface is usually
described by means of specific characteristics or properties
like texture, the evenness or the roughness and deflection.
The above listed interaction effects determined some
functional performance of pavement that are related to the
correct and the reliable use of road infrastructure especially
in terms of users safety and comfort. For this reasons it is
important to be able to determine or measure the pavement
surface unevenness conditions in order accurately developed
the design and construction activities as well as to plan and
realized the most appropriate pavement management and
evaluation program when the infrastructures are subjected to
the wear due to traffic and environmental actions. Pavement
evaluation is a technique of assessing the condition of a
pavement, both structurally and from the point of view of
surface.

Il. PRESENT SCENARIO

India's total road network has increased to 4.69 million km
now from 2 million in the 1990s (Indian Infrastructure, 2013)
and is the world’s second longest road network spread over
the entire 29 states of the country. Among this, Uttar Pradesh
has 0.16 million km of roads, which consists of 3.9% of

India's total roadways. The large variation in terrain,climatic,
environmental, soil and traffic characteristics of Uttar
Pradesh roads, differentiate it from other roads in the country.
In the case of Uttar Pradesh roads, flexible pavements
contribute the major portion and are subjected to intense rain
and heavy traffic.

In India, it is estimated that annually 7,200-30,000
billion rupees is lost to the economy due to constraints of road
network capacity and quality. The annual road safety toll also
is alarming and exceeds 1.5 lakh deaths. Studies conducted
by the World Bank have reported that an amount of Rs 15,000
crore per annum is estimated as the economic loss due to poor
riding quality, inadequate thickness of pavement and
insufficient capacity. In India, the Road User Cost Study
(RUCS) has brought out that due to bad condition of roads
and low design speeds, the average utilization per day of
commercial vehicle is only 200 to 250 km, incurring high
Vehicle Operating Cost as compared to 500 to 600 km in
developed countries. These trends together with the
constraints on resourceshighlight the need for a better syste
management for road infrastructure.

I1l. NEED FOR THE STUDY

The roads of the country, especially those in the
southern region, are showing signs of distress after each
monsoon leading to heavy loss on their maintenance along
with loss resulting in poor riding quality, accidents and
reduction in speed. The factors affecting the deterioration of
the roads are very complex in nature and vary from place
to place.

Hence, there is a need to have a thorough study of
the deterioration mechanism under varied climatic zones and
soil conditions before arriving at a definite strategy of road
improvement. Realizing the need for a detailed study
involving all types of roads in the state with varying traffic
and soil conditions, the present study has been attempted. It
is hoped that this study would help to provide the data gap for
sustainable road development in the State.

IV. OBIECTIVES OF THE STUDY

The broad aim of the study is to evaluate the performance of
in-service roads in terms of reliability, surface condition,
structural failure and safety with respect to the strength of the
pavement layers and subgrade soil properties and develop
relationships and models for prediction. Towards achieving
this aim, the objectives of this research work havebeen
formulated as given below:

1) Evaluate the structural and functional condition of the
study stretches.

2) Study the condition of pavements under different soil
conditions in Uttar Pradesh.

3) Develop correlation between the strength of the
pavement with subgrade soilproperties and pavement
condition.

4) Study the periodic performance of the study roads.
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5) Review the models available for predicting the pavement
condition.

6) Develop models to predict the performance of flexible
pavements and comparethe same with models developed
using other techniques.

7) Calibrate HDM-4 to Uttar Pradesh conditions.

8) Compare the different overlay strategies and select the
most feasible option.

9) Develop models to predict the Riding Comfort and Skid
Resistance of the pavement to support timely
intervention.

V. SCOPE OF THE STUDY

To fulfil the above objectives, the scope of the study was set
to two parts. In the first part, study of the strength parameters
of urban roads with respect to different subgrade soil
properties were attempted using one time data collected from
44 road stretches divided into 68 homogeneous sections
distributed in five Municipal Corporations in Uttar Pradesh.
The field data include structural and functional condition of
the pavement,inventory, traffic and drainage characteristics.
In the second part of the study, performance evaluation of 8
road stretches representing NH, SH and MDR located in
different geographical settings was attempted using time
series data collected from the field to develop deterioration
models.

VI. WORK PROGRAM

In order to achieve the above objectives, attempts were made
to identify the parameters that affect the performance of roads
and to develop performance models suitable to Uttar Pradesh
conditions. A critical review of the various factors that
contribute to the pavementperformance was presented based
on the data collected from five Corporations and also from
selected road stretches of Uttar Pradesh as indicated in the
scope. These roads represent the urban condition as well as
National Highways, State Highways and Major District
Roads in the sub urban and rural conditions. Relationships
were established between the strength and ride quality of the
pavement with technical parameters such as Structural
Number, subgrade soil classification, gradation, relative
compaction, CBR value of subgrade, pavement history, IRI
value, status of road and category. The universally accepted
World Bank Software ‘HDM-4, Highway Development and
Management’ was also used for analysis. Application of
SPSS was used to develop deterioration models and those
were compared with HDM-4 and Fuzzy Rule based models.

VII. METHODOLOGY

A. General

The methodology in general comprise of selection of study
stretches, field investigations, laboratory investigations, data
preparation, analysis, development of relationships and
models. Extensive literature survey was done. The works
reported in journals at the national as well as international
level were reviewed. Research work being carried out in
various academic and research institutions were also
referred. The methodology adoptedis represented in and
explained in the succeeding sections.

The steps adopted in the present study are as given below:

1) Review of the previous works in pavement evaluation:
The published literatures were reviewed to get an insight
on evaluation of flexible pavements, application of
different tools, geographical area so far covered in such
studies, models reported and their adaptability to Uttar
Pradesh conditions etc.

2) Selection of study area: Since it was aimed to study the
performance of all types of roads, focus was given on
urban roads and other roads separately. Based on a
preliminary scanning of the list of urban roads in the five
corporations of Uttar Pradesh using maps and secondary
data on the traffic and other details, 44 roads were
selected for pavement evaluation. In order to conduct
periodic  performance evaluation and develop
deterioration models, eight representative road sections
including NH, SH and other roads were selected
considering the type of road, traffic, geographical
location, climatic condition, construction aspects etc.

3) Data collection, compilation and analysis: Field
investigations were done as per the methodology
discussed in the sections given below.

4) For urban roads, using the one time data collected from
field, relationships between pavement strength
represented by deflection, condition of the pavement and
subgrade soil characteristics were developed.

5) For other roads (NH, SH, etc.), from the data obtained
through periodic evaluation, deterioration models were
developed using different tools. The predicted values
were compared with observed values for validation.
VIII. FIELD AND LABORATORY INVESTIGATIONS -

INSTRUMENTATIONAND PROCEDURE

The instrumentation and procedure adopted for data
collection is discussed in this section.

A. Inventory:

Detailed inventory of all study stretches were taken and the
data were collected as per Indian Roads Congress format.

B. Pavement drainage characteristics

The drainage characteristic of the pavement is controlled by
the following factors and hence data on the same were
collected from the field and secondary sources.

1) Camber or cross slope: The cross slope/ camber of the
pavement surface was noted using a camber board (slope
meter) in percent slope at 5 to 10 locations in each study
stretch of 100 to 200m and the mean camber was
recorded (Fig. 3.2). Typical sections selected were at
level road and with gradient, for rolling terrain and flat
terrain. Under each category, at least one typical section
was selected with

2) adequate camber (b) inadequate or deficient camber and
(c) practically nil or zero slope. The cross slope of
shoulders (in percentage or as ratio) were noted at typical
locations. The shoulder level in mm, i.e., shoulder drop
or raised shoulder with respect to pavement edge was
also recorded.

3) Presence of wvalley stretch: Availability of cross
drainages or culverts at valley locations were noted.
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4)

5)

7)

8)

9)

10)

C.
)

2)

3)

Soil moisture content: Measurement of moisture content
of soil and its variationswith depth (0.5, 1.0 and 1.5 m)
during 2 or 3 typical seasons.

Water table data: This was collected from local enquires.
High Flood Level Data: This was obtained from local
enquiry.

Rainfall data: Average rainfall data in the locality for the
past 3 years of the study period was collected from
secondary sources.

Land use data: The collected data included land use of
the adjoining road formation, type of cultivation with or
without irrigation or built up along the road side. The
relative level of the road land with respect to the road
formation levelhad been collected from the field as
primary data.

Cross slope: Cross slope of the adjoining land were also
recorded.

Longitudinal side drain: Availability of side drains on
left and right side of the road with details including the
depth with respect to road level were recorded.

Pavement Surface Condition

Cracking: 3 to 6 study stretches of 15 to 50m length with
some cracks already developed on the surface were
identified from the selected roads. Location of cracking,
cracked area, wheel path (if visible) and distance of
the cracked areawith respect to the pavement edge or
centre were noted. The areas of classified cracks (fine,
medium and wide cracks) were recorded in terms of the
total area of pavement. The percentage of cracked area
with fine cracks (width less than 1.0mm), medium crack
(width 1.0 to 3. 0 mm), wide cracks (width more than 3.0
mm) and mixed cracks were noted.
Crack length propagation studies on selected control
stretches:
Control sections of dimensions 1m x 1 m were marked
on the road and the crack length data were periodically
measured. The selected area consisted of the following
types
a) Area without any crack
b) Area with only fine cracks of width less than 1.0 mm
€) Area with medium cracks of width 1.0 mmto 3 mm
d) Area with wide cracks of width more than 3.0 mm
e) Area with all the above types of cracks
Potholes: Study stretches of length about 200 to 500 m
was selected considering identical conditions. The data
of potholes on each study stretch were collected and
recorded periodically two or more times a year covering
different seasons including the periods before and after
monsoon season.

1) Open orunfilled potholes: The average depth, length
and width of unfilled potholes were recorded in mm
and classified into groups such as small, medium
and large size. The numbers of potholes of each
group for each study stretch were recorded to know
the growth pattern.

2) TImproperly filled potholes: Details of improperly
filled potholes (size and number) were recorded with
details such as unsuitable materials like soil, brick
aggregates, large boulders, stones etc in adequate
compaction, not cut to rectangular shape with

4)

5)

6)

vertical edges, not properly cleaned or loose
materials not removed, a tack coat not properly
applied and level difference of the finished surface
with the adjoining surface.

3) Patched potholes: The features of the patched
potholes such as slippery with excess binder,
absence of seal coat, level of the patch, etc. were

noted includingthe number and area.

Fig 1.2: Alligator cracks

Fig. 1.3: Pothole and Alligator Cracks
Rutting: The data collected consists of location of the
longitudinal rut withrespect to pavement edge or centre
line or wheel path, mean depth and width ofthe
longitudinal ruts in mm and location of the wheel path
with respect to pavement edge, if visible.

Undulations: Measurement of undulations or depressions
were done using Straight edge and wedge scale on
stretches of length 30 to 50m, along three longitudinal
lines, representing two wheel paths and centre line, and
were grouped as per IRC/ MoRTH guidelines and
number in each category was recorded. The Bump
Integrator was used to measure the undulations as
discussed in Section

Shear failure denoted by large size depressions with
heaving in adjoining portion were measured using a
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straight edge and vertical scale or steel tape. The mean
length, width and depth of such depressions were noted.

7) Raveling: Raveling is the loss of material from the
surface of the pavement. The reason that can be
attributed to raveling is mainly thin surfacing, such as
surface dressing, seal coat and premix carpet. The
affected area is expressed as percentage of the total
pavement area.

IX. TRAFFIC STUDIES:

Traffic studies were conducted on the study road stretches
with axle load survey on roads indentified for deterioration
modeling. The data collected include:

1) Classified traffic volume count survey was done for 24
hours on a representative day.

2) Direction wise count of classified Heavy Commercial
Vehicle (HCV, 2 —axle rigid, 3 — axle rigid, multi — axle
articulated and load tractor — trailer units) for 24 hours
was done on a representative day.

3) Axle load study on 2 axle, 3 axle, and multi axle
HCV using probable wheel weigh bridge, on each
direction with a minimum of 20 percent sample was
carriedout. (Figure). Axle load studies on a small sample
of Light Commercial Vehicle (LCV) and Tractor Trailers

was also done.

)
. ~

\

.

-
3

Fig. 1.4: Axle load Survey
The fourth power rule for the determination of Equivalent
Single Axle Load is
ESAL = (Li/La)*

Where,
L; is the axle load of the i vehicle and
La is the Standard Axle Load

Standard Axle Load taken for an axle with single
wheel assembly is 6000kg and dual assembly is 8160 kg. For
Tandem axle with dual wheel assemblies in each axle, the
standard axle load is taken as 15100 kg. The vehicle damage
factor which is an indicator of the damaging power of an
axle with respect to that of standard axle is given by
Vehicle Damage Factor (VDF)
Total ESAL

~ No. of vehicles weighed
VDF is taken as a parameter for crack and raveling
progression models.

X. ROUGHNESS SURVEY

Roughness or ride quality is a measure of the unevenness of
the pavement surface along a linear plane. It represents the
ability of the pavement to provide a comfortable ride to the
users. Pavement roughness is considered as the most
important road feature by the public.Roughness is important
on roads with higher speed limits, for those above 70 km
perhour. Even though it is important for state highway
agencies, it is generally of less importance to cities due to the
difference in speed limits. Roughness is normally converted
into an index such as the Present Serviceability Index (PSI)
or the International Roughness Index (IRI).

The roughness of pavement surface is commonly
designated as unevenness index value and is expressed in
surface roughness measured by a Bump Integrator.
Roughness index is represented as the ratio of the cumulative
vertical displacement to the distance travelled and is
expressed in mm/km. A Towed Fifth wheel Bump Integrator
was used in the present study, which consists of a trailer
towed by a vehicle.

A standard pneumatic tire wheel inflated to a tire
pressure of 2.1kg/sg.cm was mounted within the trailer
chasis, with a single leaf spring on both sides of the wheel
supporting chasis. The test was done at a speed of 32+1 km
per hour. The readings of the revolution counter and
integrating counters were noted and entered in the data sheet.
One measurement in each lane was taken.

Fig. 1.5: Roughness Survey in Progress
Calibration of the Bump Integrator was done using
MERLIN — Machine for EvaluatingRoad Roughness using
Low Cost Instrumentation.

Recommended Standards for Roughness Values:
The maximum permissible values of surface roughness
measured with Bump Integrator for different surfaces as per
IRC SP 16(2004).

Maximum permissible surface
Type of surfacing — Unevenness
Longitudinal Transeverse
profile(mm) profile(mm)
Surface dressing 10 8
Open graded 8 6
Premix Carpet
Mix seal surfacing 8 6
Semi dense
bituminous 6 4
Concrete
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Bituminous 5 4
concrete
Cement concrete 5 4

Table 1: Maximum permissible surface unevenness for road
(Source: IRC SP 16, 2004)

Newly constructed surfaces are expected to give
roughness values corresponding to‘Good’ category while the
values under ‘average’ and ‘poor’ category indicate level of
service and intervention level for maintenance as given in the
Table 3.2. Surfacing with very low roughness values loose
skid resistance and are not desirable.

Type of surface Condition of road surface
Good | Average Poor
Surface Dressing <3500 | 3500-4500 | >4500
OGPC <3000 | 3000-4000 | >4000
Mix seal surfacing | <3000 | 3000-4000 | >4000
SDBC <2500 | 2500-3500 | >3500
Bituminous Concrete | <2000 | 2000-3000 | >3000
Cement Concrete <2200 | 2200-3000 | >3000

Table 2: Maximum permissible values of roughness for road
surface (mm/km) (Source: IRC: SP: 16-2004)

O G P C - Open Graded Premix Carpet,

S D B C - Semi Dense Bituminous Concrete

A. Skid Resistance Test:

The basic function of a pavement is to extend smooth and safe
surface for the travelling public. The travelling public is
primarily interested in this functional condition, which is
primarily measured with roughness and surface friction. The
engineers and managers are interested in developing the most
cost-effective maintenance and rehabilitation program. They
are interested in an engineering analysis of the structural
condition, as well as the functional condition. The friction
between the road surface and the tire is a detrimental factor
for safe stopping speed and distance requirements.  Skid
resistance is defined as the resistance offered by the surface
of the pavement against skidding of vehicle. Portable Skid
Resistance Pendulum was used for the study. The test was
conducted on wet surface. The apparatus was set on the road
surface in the lineof the wheel track as shown in. The
instrument directly gives the co-efficient of friction on a
scale, which is graduated, and it is recorded as 100 times the
co-efficient of friction. The value is represented as Skid
Number (SN). Readings were taken at a point until same
values were obtained for three consecutive trials. The testing
was done as per procedure adopted in TRRL 1969 report.

B. Texture Depth Studies (Sand Patch Test):

The texture depth gives the macro texture of the surfacing,
which contributes to the net skidding resistance at high
speeds. This is achieved by providing drainage routes for
water between road surface and tire. The apparatus consist of
a measuring cylinder of 50 ml. volume and spreader disk
comprising of a flat wooden disc 65 mm in diameter with a
hard rubber disc 1.5 mm thick, stuck to one face.

The testing was done as per Clause 602.12 of
MORTH Specification. The grading of the sand used for the
test is given in.

BS Test Sieve (mm) | % by Mass Passing
0.6 100
0.3 90-100
0.15 0-15

Table 3: Grading of Sand for Sand Patch Test
Washed dried sand with round particle passing
through 0.6 mm sieve and 15% retainedon 0.15 mm sieve
was used for the test. The cylinder was filled with sand
and pouredinto a heap on the surface, spread into a circular
patch to its largest diameter as shown.

Fig. 1.6: Sand Patch Test in progress
The diameter was measured to nearest 1 mm at four
points at every 45 degrees. From the measurements, the mean
diameter D was calculated from the equation 3.13 and was
adjusted to the nearest 0.01 mm.
Texture depth =63660 /D> mm
For surface, which give a texture depth of less than
1mm, the volume of sand is reducedto 25 ml or less and the
texture depth was again calculated using the equation.
Texture depth = Volume of sand (ml) * 1000/area of patch
(mm?) in mm

XI. EXTRACTION OF CORE

Cores were extracted from the study roads wherever needed
using Core Cutter to identify and record the pavement layer
details as shown in figure.

A. Trial Pits and Sand Replacement Test

For all the urban roads under study, test pit of size 0.5m*0.5m
was taken by the edge of the carriageway to find out the layer
details. The field density of the subgrade soil was determined
using the sand replacement method in the field.

Laboratory tests were done to find the CBR value of
the subgrade soil, Optimum Moisture Content (OMC),
Maximum Dry Density (MDD), Atterberg Limits, PI and the
Soil Classification.

B. Selection of Road Stretches:

1) Urban roads

Based on a preliminary assessment with respect to the
road conditions and traffic, 44roads from five corporations,
which represent urban conditions, were selected for the study.
These road stretches were further divided into 68
homogeneous sections.

All rights reserved by www.ijsrd.com 84



A Review Paper on Pavement Surface Unevenness Evaluation
(I3SRD/Vol. 9/Issue 07/2021/018)

1) Study

evaluation

The road stretches for conducting the periodic evaluation

were identified to represent variation in pavement

composition, traffic composition, climatic conditions, terrain

and soil characteristics. Eight roads with twelve

homogeneous sections were selected asstudy stretches

based on the above factors.

1) Field Data Collection and Laboratory Investigations

Data collection ranged from simple ‘windshield surveys’

to the use of testing vehiclesthat measure deflection,

unevenness, skid resistance and cracking on the surface and

axle load surveys. The data include:

1) Inventory of the study sections

2) Pavement drainage characteristics

3) Pavement surface condition (cracks, raveling, potholes,
rutting, edge break etc.).

4) Unevenness using Bump Integrator (IRC SP 16, 2004).

5) Skid Resistance using portable skid-resistance Pendulum
(BS 812-1967).

6) Rebound deflection using Benkelman Beam (IRC 81,
1997).

7) Traffic studies including axle load surveys using
Portable Weigh Bridge (TRLOverseas Road Note 40).

8) Pavement composition from trial pits and core cutter
method.

9) Texture depth using sand patch method (BS 598 part 105,
1990).

10) Field Density of the subgrade soil using sand
replacement method (IS 2720 Part28, 1974).

11) Laboratory investigation of the subgrade soil properties
including CBR.

roads for periodic pavement performance

41 Development of Pavement Performance Models and
Relationships:
The influencing parameters were identified from the
literature. Non-linear regression models using SPSS were
developed. Calibration of HDM-4 deterioration models to
suit tolndian conditions was done. Fuzzy rule based models
were also developed for deflection and compared with other
models. The effect of subgrade soil type on the rebound
deflection and Modified Structural Number relationship has
been checked using appropriate plots. Performance models
were developed for cracking, pothole, raveling, roughness
and for safety considerations.

a) Serviceability Levels for Maintenance: [MORT&H,
2004] Serviceability levels for maintenance is a
qualitative rating of the effectiveness of a highway in
terms of operating conditions such as traffic volume,
speed, comfort and safety. The maintenance program can
be divided into three levels, level 1, 2 and 3 for
maintenance purposes. Level lis the desired level that
provides for highest level of comfort, convenience and
safety. Level2 is the level to which the road deteriorates
from Level 1 after two-three years of use beforefresh
maintenance is implemented. Level 3 represents the
minimum level necessary to protect the investment and
provide reasonable levels of safety.

b) Economic Analysis: The 'Committee for Maintenance
Norms for Roads in India', (2001), has recommended
the total costs for carrying out various types of
maintenance and rehabilitation (M&R) works on
bituminous pavements situated in various price zones 0f
the country. The economic indicators such as Net Present
Value (NPV) and Internal Rate of Return (IRR) are also
provided for comparison purposes.

I§IIO Serviceability Indicator Level 1 Serv1ceab11L1';}\1/;_lezv gl Level 3
Roughness by Bump Integrator(max. permissible) 2000mm/km 3000mm/km 4000mm/km

1 Equivalent IRI 2.8m/km 4.0m/km 5.2 m/km

2 Potholes per km(max. number) Nil 2-3 4-8

3 Cracking and patching area (max permissible) 5% 10% 10-15%

4 Rutting — 20 mm (maximum permissible) 1% 1.5% 2.5%

5 Skid number (minimum desirable) 50SN 40SN 35SN

Table 4: Serviceability Levels for Maintenance
Source: (MORT&H, Guidelines for maintenance of primary, secondary and urban roads, Indian Roads Congress, 2004).

C. Urban Roads selected for the study:

From a preliminary study of the traffic and condition of the
roads, 44 road sections were selected from five corporations
namely Sitapur,Barabanki,Raibareli,Sultanpur,Charbag. The
roads were selected based on a preliminary assessment of the
roadcondition, traffic, importance of the road, variations in
soil type, climatic conditions and terrain. These roads were
again divided into 68 homogeneous sections for further
studies.

XIl. PERIODIC PAVEMENT EVALUATION STUDIES

Results obtained from the field investigations and laboratory
tests for the eight study roads identified for periodic pavement
evaluation are discussed here. One time data on subsoil
parameters, traffic and drainage characteristics were

collected. The results were used as variables in development
of models.

A. Subgrade Soil Investigation results

The results of the various tests conducted on the sub grade
soil collected from the study of roads.

1) Traffic Volume Count Survey

The Traffic Census Data collected on all the study roads were
analysed. The Passenger Car Unit values for each count
station were calculated. PCU values were determined for the
slow moving vehicles, fast moving vehicles & for the
commercial vehicles .

1) Axle load survey and Vehicle Damage Factor

Axle load survey was conducted for five study roads. Vehicle
Damage Factor is an input variable for crack and raveling
progression models. The VDF values for each Type of
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Vehicles in both directions were calculated and total ESAL
were obtained for each category.

a) Pavement Strength and History

The pavement thickness, strength represented as Modified
Structural Number, Relative compaction of the subgrade soil
and history are estimates in tis paper.

XIIl. PAVEMENT DETERIORATION CONDITION

A. Riding Comfort Index (RCI)

The riding quality of pavement is represented by an index
called Riding Comfort index (RCI) (Fwa, 2005). RCI is a
function of pavement unevenness and is measured on a scale
of 0 to 5 as given in Table. RCI value of zero represents a
well-constructed new pavement and five indicates an
extremely rough pavement. As the first step, the measured
unevenness values were classified in to different ranges.
Range selection was based onthe data obtained. The RCI
value can be obtained directly from the table below, if the
unevenness index value of a particular pavement stretch is
known.

Unevenness Index Riding Comfort Index
(mm/km) (RCI)

<2500 0
2500-3500 1
3500-5000 2
5000-7000 3
7000-10000 4

>10000 5

Table 5: Riding Comfort Index values

B. Distress surveys and Pavement Condition Index (PCI)

The Pavement Condition Index (PCI) is used to indicate the
present condition of the pavement numerically. It is directly
related to the operational condition and structural integrity of
the pavement surface like ability to resist fracture, distortion
and disintegration. Surface distress is the term, which
indicates the damage observed on the pavement surface. The

PCI is represented as a function of the type, severity and

densityof surface distress (Fwa, 2005).

Distress surveys were performed to find out the type,
severity and quantity of surface distress. This information
was used to determine the pavement condition index (PCI),
which is a measure of the rate of deterioration. Distress is the
measure mostly used by maintenance personnel to decide the
type of maintenance treatment required, when it is needed
and the funding needs in the PMS process. PCI method
is based on a visualsurvey of the number and types of
distresses in a pavement. PCI provides numericalrating
between 0 and 100, with 0 representing the worst possible
condition and 100 representing the best possible condition.
To determine the PCI of a pavement section, PAVER
procedure and deduct value curves developed for pavement
pavements are used as given below:

1) The pavement section is divided into sample units.

2) The sampled units are inspected to determine the distress
types and severitylevels. This is recorded to compute
density.

3) The deduct value for each distress type and severity is
determined; for example a (for alligator cracking) and b
(for longitudinal and transverse cracking). Distress

density is computed first to use the deduct curves.
Density is the amount ofdistress (extend) divided by the
sample unit area for bituminous pavement. A deduct
value is a number from 0 to 100 with a zero indicating
that the distress has no impact on pavement condition and
100 indicating an extremely serious distress which will
cause the pavement to fail.

4) The individual deduct values are summed up to compute
the Total Deduct Value.

5) Correction curves are used to determine the Corrected
Deduct Value (CDV) from the TDV. The correction
curves used are for different number of entries with
deduct value over five points.

6) The deduct value is adjusted by using correction chart.
The result is CDV. This is done to ensure that the total
deduct value do not exceed 100, if the pavement is badly
deteriorated. PCI is computed using the following
equation for each sample unit inspected PCI= 100 —
CDV

7) PCI of entire section is computed by taking average of all
PCI values.

8) Condition rating of the pavement section is determined
using PCI and rating scale.

C. Structural Number and Modified Structural Number
(MSN)
The Structural Number (SN) concept was first developed
from the AASHO Road test. It denotes a measure of total
thickness of the pavement weighted according to the
strengthof each layer and is calculated using the equation
given below:

SN=Y a;
where, I =summation over layers, ai= strength coefficient
for each layer (Table) d; = thickness of each layer measured
in inches

. . Strength
Layer/Specification coefficients
Bituminous Concrete (BC) 40mm 0.3
Bituminous Concrete (BC) 25mm 0.28
Semi Dense Bituminous Concrete 025
(SDBC) 25mm '
Dense Bituminous Macadam (DBM) 0.28
Premix Carpet (PC) 20 mm(in the case
of overlaidpavementswith PMC as 0.18
original surfacing)
Bituminous Macadam (BM) 0.18
Water Bound Macadam (WBM Gr
IILor III)
0.14
Wet mix macadam / (Lime cement)
stabilized
Granular Sub base (GSB)/Quarry Rubish 011
/Moorum '

Table 6: Strength coefficients for pavement layers
(Source: Guidelines for maintenance of primary, secondary
and urban roads, IndianRoads Congress, 2004)

The AASHO Road Test was conducted on a single
uniform subgrade and hence the effect of different types of
subgrades could not be not included in the equation.
Pavements with a particular structural number, but built on
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different subgrades may not carry the same traffic to a given
terminal condition. But, the structural number did not include
the contribution of the subgrade. In order to extend the
structural number concept to all types of subgrade soils, a
contribution in terms of CBR value of the subgrade was
derived and a modified structural number was developed by
the equation given below:

MSN = SN + 3.51 log1o (CBRs) - 0.85 (logio CBRs)? -1.43
Where, CBRs = California Bearing Ratio of the subgrade.
(Guidelines for maintenanceof primary, secondary and urban
roads, Indian Roads Congress, 2004)

Many PPM’s which were developed later used this
equation for defining the pavementstrength and is extensively
being used.

X1V. HIGHWAY DEVELOPMENT AND MANAGEMENT
SOFTWARE

Highway Development and Management Software (HDM-4)
is an effective tool, which can be used for the analysis of
different alternatives for management of highways (Morosiuk
et al., 2002). This facilitates make comparison Of cost
estimates and economic evaluations of different construction
and maintenance options. Different time- staging alternatives
also can be evaluated, for a given road project on a specific
alignmentor for groups of links on an entire network.

A. Applications:

The = applications of HDM-4 are Strategy Analysis,

ProgrammeAnalysis and Project Analysis.

11 Strategy Analysis:

Strategy analysis deals with entire networks or sub-networks

managed by one road organisation. In this module, a chosen

network can be analyzed as a whole to prepare medium or
long term planning of investments. Different scenarios of
road development can be analyzed.

Typical applications of strategy analysis are:

1) Forecasting of funding requirements on medium and
long term basis for pre defined road maintenance
standards and targets.

2) Forecasting pavement performance under varying levels
of funding on a longterm basis.

3) Optimum allocation of funds according to defined
budget heads such as routine maintenance, periodic
maintenance and budgets.

4) Optimum allocations of funds to sub-networks. This can
be allocated byfunctional road class (main, feeder and
urban roads etc.), administrative regionetc.

5) Policy studies also can be done. This includes impact of
changes to the axle load limit, energy balance analysis,
provision of NMT facilities, sustainable road network
size, pavement maintenance standards, evaluation of
pavement design standards, etc.

11 Programme analysis:

The prioritization of a defined list of road projects into a one-

year or multi-year work programme with defined budget

allocations can be done in the programme analysis module.

The major difference between strategy analysis and

programme analysis is in the physical identification of road

links and sections. Programme analysis deals with individual
links and sections, which are unique physical units

identifiable from the road network throughout the analysis.
This can also be usedto prepare a multi-year rolling
programme, within the resource constraints. Incremental
NPV/cost ratio is used as the ranking index, which
provides an efficient and robustindex for prioritization
purposes. Also, it satisfies the objective of maximizing
economic benefits for each additional unit of expenditure
proposed.

M1 Project analysis:

One or more road projects or investment options are analyzed
in Project Analysis. A road link or section with user-selected
treatments, with associated costs and benefits, projected
annually over the analysis period can be analyzed. For
different investment options, economic indicators are
determined. Project analysis allows the users to assess the
physical, functional and economic feasibility of specified
project alternatives by comparison against a base case (do
nothing). The key parametersare structural performance of
Pavement, prediction of Life cycle costs, deterioration,
Maintenance effects & costs, Road user costs & benefits and
Economic evaluation of project alternatives.

XV. CONCLUSIONS

As mentioned earlier, various types of pavement surface
unevenness deteriorations such as potholes, cracks, ravelling,
surface undulations including depressions along the
longitudinal profile, longitudinal ruts along wheel paths,
polished pavement surface, etc occur at different components
of road structure due to heavy rains, traffic and environmental
factors. Such types of damages needs to be rectified within
the shortest possible period before further deterioration of the
pavement takes place which may lead to rehabilitation of
some layers or total reconstruction of all pavement layers.

The methods of pavement surface unevenness evaluation

discussed in previous chapter helps in;

— Assessment of the road condition and assigning the
minimum acceptable serviceability standards for
maintenance of different categories of roads.

— Estimation of rate of functional and structural
deterioration of pavement under the present traffic
loading and also under the prevailing set of conditions
and other contributing factors.

— Type and extent of maintenance requirements and
various possible alternatives and their economic
evaluation
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