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Abstract: Bengaluru is the capital city of Indian state of Karnataka. It has population range from 8.42 million and is a very
popular and highly developed city in the southern India. The study includes the functional evaluation of road networks in
the Silk board junction, Bengaluru, Karnataka. There are four road links in the Silk board junction; functional evaluation
is done for all four roads links to determine the pavement condition, serviceability and surface characteristics. Pavement
Condition Index (PCI) value obtained for the various road links are 79.72, 79.63, 81.03, and 86.81. Pavement condition of
two road links is good compared to other two. Roughness measured by the MERLIN test has International Roughness
Index values (IRI) 1.82m/km, 1.63m/km, 1.86m/km and 1.53m/km, which are all within the permissible limits. Skid
resistance measured in terms of Macro Texture Depth (MTD), for one link MTD is deviated up to 1.52mm from the mean
value 1mm, other three links have linear road profile. Rut Depth (RD) for all four roads was measured. For road 1 and
road 2 ruts were moderate and for road 3 and road 4 there were no ruts on the main roads.

Keywords: Functional evaluation, Pavement Condition Index (PCI), Present Serviceability Rating (PSR), International
Roughness Index (IRI), Macro texture Depth (MTD), Rut Depth (RD), GIS integration in PMS.

. INTRODUCTION

Pavement performance is evaluated to find the functional behaviour of pavement and structural condition of the pavement
sections. The purpose of evaluation is for routine maintenance, monitoring the road networks and to do perfect planning for the
future aspects. There are mainly two categories in the pavement evaluation, on is functional and another one is the structural
evaluation. Functional evaluation deals with the riding comfort, and surface characteristics of the pavement. Structural evaluation
deals with the load carrying capacity of the pavement over the design period.

1. Functional evaluation:
e Functional evaluation of pavement is the capability of pavement to give the better safety and service to the road
user by offering good riding quality for the pavement.
e Riding quality of pavement can be measured by using some indices; those are Present Serviceability Index
(PSI), Pavement Condition Index (PCI), and International Roughness Index (IRI), rutting, skid resistance, and
noise level etc.
2. Needs of present study
Most highways and airport authorities perform distress survey of pavement periodically to assess the quality of pavements.
Now days in urban areas due to growing traffic, improper maintenance, congestion, pavement condition is getting worse. So
it is necessary to know the present road condition and function of a road with respect to safety and serviceability. This project
work includes pavement distress survey to quantify the amount of distresses in a particular area. PMS has very important role
in keeping the highway system in good workable condition. Also, the pavement distress surveys are measuring tools for the
functional evaluation of pavement service and condition in terms of rating panel like Present Serviceability Index (PSI),
pavement condition index (PCI), international roughness index (IRI), and Macro texture depth by sand patch method (MTD)
etc.
3. Objectives
The specific objectives of the project are listed below;
Selection of study location and to perform road inventory survey.
To conduct pavement distress survey by visual observations and compute the Pavement Condition Index (PCI).
To evaluate road roughness by MERLIN survey, macro texture depth by skid resistance test and rut depth measurement.
To do individual Present Serviceability Rating (PSR) by questionnaire survey.
To do data analysis by GIS integration.
4. GIS integration in pavement management system
GIS is a necessary tool in the PMS, it is used to present, expand and enhance the each component of pavement management
system. PMS has many components starting from planning stage to the future implementation stage. Each PMS component is
integrated into the computer system and then special and special data is analyzed using GIS integration method. This results
in the identification of effective functions which are required in the PMS/GIS integration. Those functions in GIS includes
the mapping, data base editing, formula setting, co ordinates setting, network generation, integrated models, and algorithms,
etc. all the results are incorporated into the GIS system and analysis is done. Results we get are based on the pavement
management models and the GIS integration system
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Il. METHODOLOGY AND TEST PROCEDURES

1. General
This chapter deals with the methodology involved in the project. The methodology follows the specific objectives of the
project. To satisfy the objectives of functional evaluation of urban roads, survey techniques and procedure is explained in
detail in this chapter. To perform the functional evaluation of pavement survey location has to be chosen and evaluation is
done for the all four road networks.

Methodology follows the steps given below;
e  Selection of road networks

Road inventory survey

Preparation of survey sheets

Field tests and data collection

Data analysis and calculation of results

Data analysis by GIS integration

Discussion of results

Conclusion and future scope

2.2 Selection of road networks

The present study area is located at silk board junction, Bengaluru, Karnataka, India. The road stretches at the silk board junction
are surveyed and their performance is evaluated. Image of the location is shown below in figure 3.2.

2.3 Road inventory survey
Road inventory survey is to be done for all selected road stretches. The information like road length, width, type of road, class of
road, median, shoulder type and width, traffic data etc are to be collected. Inventory survey has been done by a manual method
using tape and visual observations.

Table 3.1 Road inventory data

Width of road Total Width vovge/ Footpath
SI. No no. of | of TW)(/) LHS RHS

LHS | RHS lanes Median way i i

Type width Type Width Length

Road 1. 3.3km
Banashank | 8m to | 8.05m
ari road | 10.87 | to Two 1.3m to 1.3m to
(W) m 11.46m | 4 0.8m way Concrete 4.5m Concrete 4.5m
Road 2. 9 .3m 3km
Whitefield | to 93m to | 4 Two 3m to 3m to | Kerb -
road (E) 11m 11m 1.1m way Concrete 5.1m Concrete 5.1m 0.2m

6.3m 3.5km
Road 3. to
Madiwal 16.83 | 6.5m to Barrica | Two 2.4m to 2.4m to
road (NW) | m 14.5m 4 der way Concrete 3.2m Concrete 3.2m
Road 4. 3.8km
Electronic 8.75m
city road | 7m to | to Two 1.5m to 1.5m to
(SE) 13.7m | 12.6m 6 1m way Concrete 4.6m Concrete 4.6m

2.4 Sampling technique

When the study area is large and availability of time to complete the work is short, in such condition sampling is done to
minimise the work. Sampling means out of n number of sample units only some are taken for the study purpose. One sample size
for the evaluation of roads is taken as 2500+/- 1000 square feet (By ODOT PCI survey manual). To find the number of samples
equation is shown below;

n= (NS?/ ((e%/4) (N-1) +S?) = (300*10%/ ((5%°/4) (300-1) +10°=15

Where n= Minimum number of data required for sampling, N=Total number of sample units in the pavement section,
e=Allowable error in the estimate of section PCI (e=+/- 5%), S= Standard deviation of PCI (For asphalt pavement S=10).
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2.5 Pavement Condition Index (PCI)

Pavement condition index is a simple, convenient and in an expensive way to evaluate the condition of the road surfaces, identify
maintenance and rehabilitation needs, and ensure that road maintenance budgets can be spent wisely. Pavement condition index
rates the condition of the surface of the road network. The PCI gives a numerical rating for the condition of road segments within
the road network, where 0 is the worst possible condition and 100 is the best.

2.5.1 Types of failures observed

[

Figure 3.1 Alligator crack Figure 3.2 Edge failure Figure 3.3 Block crack

Figure 3.4 Potholes and fatigue failure Figure 3.5 Pothole distress Figure 3.6 Longitudinal crack
2.6 Present Serviceability Rating (PSR) survey procedure

In the present study, Present Serviceability Rating survey has been done by interviewing the road users. Survey forms are
prepared and distributed to the persons travel on that road daily. Survey form includes rating description and their respective PSR
scale, based on those statements person has to rate the pavement. PSR survey preferred to interview two wheelers and three
wheelers only.

Table 3.2 PSR questionnaire form

Ride rating description SR Scale
Without discomfort, perfect riding

P
4
Little distortion, smooth riding 3
2
1
0

Medium distortion fair to uneven riding
Heavy distortion, uncomfortable riding
Intolerable, very discomfort in riding

—5
By
—3
—2
1

The interviewer will tick mark the rating for a particular road section mentioned in the survey form based on his own riding
experience. The interview is done for about 80 people and took the average of rates given by them. Based on the road user’s
opinion, pavement serviceability rating was calculated in numerical scale 0 to 5, and pavement performance is evaluated whether
it is good, bad, or average

2.7 International Roughness Index (IRI) determination using MERLIN

MERLIN is nothing but a Machine for Evaluating Roughness using Low-cost Instrumentation. Using MERLIN equipment and
graph sheet roughness value D is calculated.

IR1=0.593+0.0471D

Where D is roughness in mm obtained from graph established by MERLIN test
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Table 3.3 Permissible limits for IRI

Road roughness IRl in m/km (ASTM E1926)
Good Less than 1.5
Acceptable Less than 2.7

2.8 Skid resistance test by sand patch method

Completely dried and clean river sand should be taken for the sand patch test, sand is sieved through 600 microns, 300 microns
and 150-micron size IS sieves. Sand passing through 300 microns and retaining on 150 microns IS sieve is preferred for the test.
One test is done for one sample unit of the pavement section

Table 3.4 Survey form for skid resistance test

Sand patch | Sand patch | Sand patch | Sand patch

Sample | diameter  for | diameter  for | diameter for | diameter  for
unit road 1 (cm) road 2 (cm) road 3 (cm) road 4 (cm)
1 19 22 16 13
2 20 21 17 12
3 20 19 16 14
4 21 20 16 15
5 21 21 16 18
6 21 23 18 13
7 21 21 19 19
8 18 21 18 20
9 17 20 19 17
10 19 22 14 18
11 19 22 16 20
12 17 21 17 20
13 19 20 17 22
14 16 20 17 21
15 15 19 16 23
16 14 18 16 22
17 16 19 15 24
18 18 19 15 22
19 18 20 20 23
20 18 21 21 21
21 17 24 20 21
22 17 26 21 22
23 16 25 20 19
24 20 22 22 23
25 21 23 16 21
26 20 20 17 24
27 21 21 17 19
28 21 19 18 21
29 22 18 21 21
30 23 17 20 23

Macro Texture depth=Volume of sand /Area of circular patch

Table 3.5 Grading of sand for skid resistance test

Grading of sand
Sieve size (mm) % by mass passing
0.60 100
0.30 90 to 100
0.15 0to 15

2.9 Rut depth

By using the wooden straight edge of 2.5m length, rut depth for all sample units was measured. For road 1 and road 2 ruts were
moderate and for road 3 and road 4 there were no ruts on the main roads.
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Table 3.6 Survey form for rut depth measurement

Sample Rut depth for | Rut depth for | Rut depth for | Rut depth for
unit road 1 (cm) road 2 (cm) road 3 (cm) road 4 (cm)
1 1.2 Nil 1.6 Nil
2 1.3 - 1.3 -
3 1.8 - 1.5 -
4 1.6 - 1.5 -
5 2.2 - 1.7 -
6 2.3 - 1.2 -
7 2.2 - 1.6 -
8 1.1 - 1.4 -
9 1.0 - 1.6 -
10 1.0 - 1.8 -
11 1.0 - 1.2 -
12 1.2 - 1.2 -
13 1.1 - 1.3 -
14 1.3 - 1.1 -
15 1.2 - 1.2 -
16 1.2 - 1.3 -
17 1.3 - 1.2 -
18 1.4 - Nil -
19 1.7 - - -
20 1.8 - - -
21 1.7 - - -
22 1.8 - - -
23 1.5 - - -
24 1.4 - 1.2 -
25 1.4 - 1.3 -
26 1.6 - 1.1 -
27 1.7 - 1.3 -
28 1.2 - 1.2 -
29 1.1 - 1.2 -
30 1.0 - 1.4 -

2.10 Quantum GIS (QGIS)

QGIS is software used for Geo referencing, storing the attribute data. Attribute data includes section data’s like number of lanes, a
width of pavement, length, history of the road, the condition of pavement, traffic volume, etc. All these data can be stored in a
single attribute table for each road stretches separately. Field data are entered in the table for each sample unit of a road section;
each section can be represented by geometric tools like point, line or polygon on the Geo referenced map.

125 . . ©
-t [ 4 et e o bt 4]

Figure 3.19 Creating data base

Il. RESULTS AND DISCUSSION
In this chapter results of the field survey are tabulated and discussed. Graphs are plotted for the Pavement Condition Index values
and Macro Texture Depth, and described in detail.
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Table 4.1 PCI and MTD results of all four survey stretches

Road 1 length | PCI MTD (mm) Road 2 length | PCI MTD (mm)
(km) (km)

0 90.5 0.84 0 100 0.69
0.2 72 0.76 0.2 98 0.84
0.4 69.5 0.72 0.4 94.5 0.66
0.6 96 0.85 0.6 32.5 0.72
0.8 75.5 0.99 0.8 84 0.73
1.0 52 0.99 1.0 79 0.69
1.2 54.5 1.06 1.2 76.5 0.80
1.4 80.5 1.52 1.4 92 0.93
1.6 87.5 1.11 1.6 75.5 0.88
1.8 41.5 0.98 1.8 76.5 0.76
2.0 95.5 1.10 2.0 87.5 0.51
2.2 80.5 1.02 2.2 435 0.58
2.4 98 0.76 2.4 98 0.70
2.6 82 0.72 2.6 56 0.80
2.8 100 0.63 2.8 80.5 1.04
3.0 100 0.56 3.0 100 0.70
Road 3 length | PCI MTD (mm) Road 4 length | PCI MTD (mm)
(km) (km)

0 100 1.17 0 71 2.05
0.2 100 1.24 0.2 90 1.52
0.4 94.5 1.11 0.4 77 1.43
0.6 65 0.93 0.6 54 0.84
0.8 36 1.25 0.8 72.5 1.04
1.0 75.5 1.17 1.0 79 0.80
1.2 76.5 1.10 1.2 61.5 0.69
1.4 85 1.24 1.4 87 0.63
1.6 435 1.42 1.6 100 0.61
1.8 98 0.76 1.8 98 0.66
2.0 56 0.76 2.0 100 0.69
2.2 80.5 0.73 2.2 100 0.74
2.4 96.5 1.17 2.4 100 0.63
2.6 93 1.04 2.6 100 0.80
2.8 100 0.76 2.8 99 0.66
3.0 100 0.83 3.0 100 0.72

Pavement Condition Index (PCI) and Macro Texture Depth (MTD) are obtained are tabulated in the table no.5. For these values
graphs are plotted below for PCI and the MTD values.

120
100
80
60
40
20

PCI

Sample unit

mroadl ®road?2 ®road3 ®road4

Graph 4.1 Pavement Condition Indices
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From graph 4.1: The average PCI value obtained for various roads are 79.72, 79.63, 81.03, and 86.81 for road 1, road 2, road 3
and road 4 respectively.

4
| |

2
o b ——Road 1

0 0.5 1 1.5 2 25 3 ——Linear (Road 1)
Road length (km)

Graph 4.2 Macro texture depth profile for road 1

Above graph 4.2 shows that for road 1 TD of 0.98mm coincides with the linear profile of road. Maximum TD is 1.52mm that is
highly varied with respect to linear profile. Remaining values are within the range from 0.99mm to 1.11mm.

4

£ 2

Eo","""‘“"",“‘"’?”"‘" =—&o—Road 2

[

S 0 0.5 1 1.5 2 2.5 3 ——Linear (Road 2)

Road length (km)

Graph 4.3 Macro texture depth profile for road 2

Graph 4.3 shows the linear variation in TD with the original profile of the road. Most of the TDs are in line with the linear profile
of the road. Maximum and minimum TDs are 1.04mm and 0.51mm respectively.

3
——y == == —&—Road 3

0 0.5 1 1.5 2 2.5 3~ Linear (Road 3)

MTD (mm)
O Rr N

Road length (km)

Graph 4.4 Macro texture depth profile for road 3

For road 3 maximum and minimum TD obtained are 1.42mm and 0.73mm respectively. There is a little variation in the TD with
respect to the linear profile of the road that we can observe from graph 4.4.

3

= == 3 —&—Road 4
— Linear (Road 4)

o N

0 0.5 1 1.5 2 2.5 3

MTD (mm)

Road length (km)

Graph 4.5 Macro texture depth profile for road 4

Road 4 is provided with super elevation, and we can observe its linear profile in the graph. For about half km length of road TD is
highly varied, then after TD is nearer to the normal road profile. It is shown in graph 4.5.
Table 4.2 International roughness index

Sl. no | Road section Roughness IRI
(D in mm) (m/km)
1 From silk board towards Banaashankari 26 1.82
2 From Silk board towards Whitefield 22 1.63
3 From Silk board towards Madiwala road 27 1.86
4 From Silk board towards Electronic city 20 1.53
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Above table 4.2 shows the international roughness index in m per km length of the road. As per the specifications provided by
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ASTME- 1926, IRI obtained for all four roads is less than 2.7 m/km, so it is acceptable.
Table 4.3 Pavement serviceability rating based on numerical scale

Sl. No | Road section Average Service
PSR condition

1 From silk board towards Banaashankari 2.875 Fair

2 From Silk board towards Whitefield 4.625 Very good

3 From Silk board towards Madiwala road 3.5 Good

4 From Silk board towards Electronic city 4.375 Very good

Table 4.3 gives the serviceability rating obtained from individual questionnaire survey provided with the numerical scaling and its
description as well. Based on the PSR value obtained by numerical scale, road 2 and road 4 gives very good service to the road
users. Serviceability rating for road 1 is between 3 and 4 scale, so it gives fair service. Serviceability provided by road 4 is also
good.

Table 4.4 Pavement serviceability rating not based on numerical scale

Sl. no | Road section Service
condition

1 From silk board towards Banaashankari Bad

2 From Silk board towards Whitefield Good

3 From Silk board towards Madiwala road Fair

4 From Silk board towards Electronic city Good

VIII' CONCLUSION AND DISCUSSIONS

By using distress survey data PCI is calculated, where mainly distresses of higher density are contributed in the computation of
PCI value, the lower distresses like small potholes, cracks of lower severity, and other distresses of the lesser area do not affect
the value of pavement condition index. Because for distresses of lower density cannot get the deduct values from the graphs
provided in the distress survey manual. So that, even though the distress survey data shows the bad condition for road sections
land 3 and good condition for road 2 and 4, there is no much difference in the PCI values and got Average PCI for road 1, road 2,
road 3 and road 4 are 79.72, 79.63, 81.03, and 86.81 respectively.

To determine the surface characteristics of roads roughness, skid resistance and rut depth were measured. Roughness measured by
the MERLIN test gave IRI values 1.82m/km, 1.63m/km, 1.86m/km and 1.53m/km for road 1, road 2, road 3, and road 4
respectively, which are all within the limits, so roughness of surface for all roads is acceptable. By skid resistance test we got
macro texture depth (MTD). For road 2 and 3 variation of road profile with respect to MTD is linear. For road 1 MTD is deviated
up to 1.52mm from the mean value 1mm, for road 4, profile varied at the starting 400m length, after that it is having the linear
profile. Rut depth for all four roads was measured. For road 1 and road 2 ruts were moderate and for road 3 and road 4 there were
no ruts on the main roads, only on service roads have minimum values.

In the present serviceability rating survey, service provided by the pavement is evaluated in two ways, one is based on the
numerical scale, and another one is based on yes or no (good or bad) method not based on the numeric scale. PSR obtained from
numerical scale rating, we can conclude that service condition of road 2 and 4 is very good, that of road 1 is fair and rod 3 gives
good service. By the other method of evaluation, serviceability of road 1 is bad, road 2 and 4 is good and that of road 3 is fair.
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