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Abstract— In the present study Pavement Performance 

Evaluation of rural road Anur to Hunasenahalli Road 

(2.16km) constructed under the technology demonstration 

project of PMGSY scheme at Shiddlaghatta of 

Chikkaballapur District, Karnataka State. The study includes 

Structural Evaluation (Deflection study using Benkelman 

Beam Deflectometer and Axle load studies), Functional 

Evaluation (Roughness measurement using MERLIN and 

Road Inventory by Visual Rating), Pavement Condition 

Survey (by Visual Rating method) and Geological 

Investigation (Grain Size Analysis, Atterberg Limits and 

CBR) of above mentioned roads which are constructed with 

various technologies. Based on obtained results of all the 

survey   suitable maintenance and rehabilitation work is 

suggested are. 
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I. INTRODUCTION 

The rural roads are the basic infrastructure for the 

development of rural areas and these roads have been 

planned and constructed under various rural development 

programs of India. The ODR and village roads, which are 

low volume roads, cover 80% of the total road network of 

the country and it is usually constructed as granular material 

with thin bituminous surfacing and also theses pavements 

granular material comprises the main structural layer over 

subgrade to carry traffic load. 

Good system of roads plays a vital role in the 

economic development of the nation. At the production 

stage of agriculture or industrial products require raw 

material that as to be transported. At distribution stage these 

products are further synthesized to required form and 

distributed to consumers which require good transportation. 

About 40% of 825000 villages in India are lacked 

with access to all weather roads. This was a backdrop for 

development of economic activities in India. India 

constitutes of nearly 74% of rural population which were not 

fully integrated into the national economy. As investing on 

rural roads at that point was given low priority and viewed 

separately from the need for state and national highways. 

Recognizing this critical issue of rural road 

segment, Government of India scheduled a plan to boost the 

rural connectivity. In the year 2000, the Government 

launched a National wide program which was named as 

Pradhan Mantri Gram Sadak Yojana (PMGSY) under the 

ministry of rural road development. This program 

envisioned of providing of new connectivity for nearly 

180000 habituating villages, by constructing about 

372000km of roads, providing full farm to market 

connectivity. PMGSY worked under objective of providing 

connectivity to all unconnected villages having population 

of 500 and more with all-weather roads. 

II. SCOPE OF WORK 

Assessment of structural and functional parameters for the 

selected pavement. Recognizing the merits of new 

technology (cell filled concrete) road over plain bituminous 

road, concrete and ICBP roads. To measure the structural 

and functional parameter required for the pavement 

condition index (PCI) which is further required for 

deterioration model. Review of Geotechnical parameters of 

the selected pavement and comparing them with the detailed 

project report. Once the roads are constructed there is 

gradual deterioration of the pavement with the movement of 

traffic and climatic condition. The pavement undergoes 

various types of distress, building up of congestion of 

vehicles increases the delay time of the traveler. 

In the design life of the pavement, its performance 

evaluation is an important for carrying out further 

improvement and maintaining activities. The evaluation is a 

method which indirectly provides the feedback of the 

performance of the new technology under the traffic and the 

changes in the environment, whether the road is performing 

in the good condition or required of improvements. 

Structural and functional evaluation and conditional survey 

at regular interval is carried out successfully then the further 

step of analyzing these observation and depending on the 

results, type of maintenance and rehabilitation activities is 

suggested, the pavement is also strengthen by  providing 

suitable thickness of overlay depending on the severity of 

the failures. 

III. PRESENT CASE STUDY 

The current study of road stretch for the project work is 

carried out in Chikkaballapur district of Karnataka which 

comprises various technologies. Following are the stretches 

considered for study. 

 District: Chikkaballapura 

 Name of section: Anur Hunasenahalli to T-07 

 Chainage of test stretch: CH 0.0 km to 2.16 km 

 Total length of the road: 2.16 km 

Sl. 

No 

Total length 

(km) 
Adopted Technology 

1 0.10 
Conventional concrete 

(GSB,GSB,M30) 

2 0.40 
Cell filled concrete 

(GSB,GSB,M30) 

3 0.20 
Cell filled concrete  

(GSB,G3,M30) 

4 0.40 
Cell filled concrete 

(GSB,G3,M10,M30) 

5 0.10 
ICBP (interlocking concrete 

block pavement) 

6 0.50 Conventional flexible 
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pavement 

7 0.125 Conventional concrete 

8 0.335 
Conventional flexible 

pavement 

Total = 2.16 km  

Table 1: Technology Adopted 

IV. METHODOLOGY AND INVESTIGATIONS CARRIED OUT  

Once the pavement is constructed it is desired that, it 

performs to the satisfaction of the road users, but with time 

as the climate and season changes the working condition of 

the pavement tents to fail gradually even increase in traffic 

volume affects the pavement performance. Therefore at 

suitable interval the pavement performance has to be 

evaluated after which appropriate maintenance and 

rehabilitation methods are suggested depending upon the 

amount of failure in the pavement. The evaluation technique 

involves following methods. 

1) Benkelman beam deflection & FWD method 

2) Roughness using MERLIN 

3) Traffic analysis over the existing pavement 

4) Pavement condition survey 

5) Geological investigation 

A. Benkelman Beam Deflection Method for Structural 

Evaluation 

Benkelman beam deflection method is one of the oldest and 

simple means for performing the structural evaluation of the 

existing pavement. This involves determining the structural 

condition of the pavement. When a standard wheel is 

applied over the surface of road at the present temperature 

of the field and moisture content, the pavement tents to 

deflect to certain depth and the deflection is regained as the 

wheel load is moved, the extent of rebound deflection is 

measured in the dial gauge of the BBD. The BBD survey is 

carried out according to IRC 81-1997.Characteristic 

deflection is calculated by sum of (Dm + s) where Dm being 

the mean deflection value and s being standard deviation. 

The average of two cycle evaluation reading is given below. 
FWD are often preferred over other deflection 

measuring methods now a days because they are much faster 

than other tests and the results obtained will be more precise 

compared to BBD deflection values. The setup will be 

mounted in the vehicle and it will be operated though 

computers specially made for the operation of FWD. The 

type of load applied here is impact load. 

B.  Roughness Index for The Given Road Stretch 

Roughness estimation is one of the functional evaluations of 

the pavement condition. Pavement roughness is 

characterised by the amount of undulation or unevenness 

present in the existing condition of the pavement along its 

longitudinal profile. Hence these irregularities have to be 

measured as it affects the riding quality for the passenger 

and increases the vehicle operational cost. 

MERLIN (Mission for Evaluating Roughness 

Using Low Cost Instrument) is a simple and manually 

operating instrument which is used to observe the amount of 

irregularity present. Bump indicator is another such 

instrument used to determine the roughness index of the 

pavement, but comparatively MERLIN is low cost 

equipment. 

MERLIN device is positioned over the wheel path 

of the pavement. It comprises of two legs, which is 1.8m 

spaced out and a moveable probe is situated at half way 

between the two legs, all of which rest on the surface.  

This device works on simple principle of 

measuring the vertical distance ”Y” between road surface 

and the probe when both the legs rest at two points on an 

imaginary road surface, this is called mid chord deviation.  

 
Fig. 1: Measurement of unevenness of pavement 

The readings are easily taken in the histogram chart 

attached to the instrument itself. For easy performance of 

the instrument, bicycle wheel is fitted as the front leg where 

as a rigid metal rod present as the rear leg. MERLIN hauled 

with the help of handles present above the rear leg. A 

moving arm consists of probe at one end and pointer at other 

end. Least of 200 readings are taken to determine the 

roughness index of the existing pavement is calculated by 

following equation where D is the result obtained from 

histogram chart 

IRI = 0.593 + 0.0471× D mm/km                 (3.1) 

C. Traffic Volume Count 

A traffic volume count is defined as the number of vehicles 

passing through a point on the road for the given stretch in 

specified time interval. As traffic is the major reason for the 

early deformation of the pavement hence volume count is a 

significant parameter in the traffic management and 

geometric design of the pavement. The traffic volume count 

is done by counting the number of vehicle and classifying 

these types of vehicles. Generally the counting is carried out 

for a period 24 hours for 3days in which in hourly variations 

of traffic in 24hours and daily variation are considered. At 

the suitable position along the stretch in convince of the 

observer the point is fixed. 

D. Axle Load Survey 

Axle load survey in one of the traffic analysis studies, it 

involve in determining the axle load of various vehicles 

passing through the point for the given road stretch. 

Vehicles whose axle loads more than 3 tonnes are 

considered as they affect the structural stability of the 

pavement due to repeated application of the vehicle load. 

Hence axle load survey results are significant as it influence 

the structural design of the pavement. 

Axle load survey is carried out by laying the 

portable axle load pads which can measure up to 

20tonnes.These pads are placed along the wheel path; they 

are connected to the digital indicators which displays the 

measured wheel load.  

E. Pavement Condition Survey 

When pavement is open to the traffic after its construction, 

gradually with increase in the traffic volume, seasonal 
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variations and changes in the adjacent condition of the 

pavement; distress starts to appear in the form of cracks or 

potholes, reducing its skid resistance, undulation, bleeding, 

edge failure of the pavement, etc. Therefore pavement 

condition survey is carried out to observe the present state of 

the pavement and record them and suitable rectification is 

provided in the form of overlay or patchwork. Condition 

survey is performed at suitable interval in its design life. 

This survey is carried by walking through the 

stretch with odometer and stopping at points where the 

pavement distress being observed, noting the kilometer 

chainage at that point and this condition is also recorded 

visually by clicking pictures.  

Generally the distress conditions observed in 

pavement surface are 

 Longitudinal and transverse Cracks 

 Rutting 

 Patch work over the surface 

 Ravelling 

 Potholes 

 Edge drop 

F. Geological Investigation 

The good performance of pavement till its design life greatly 

depends on the property and characteristics of soil strata 

beneath the pavement, in order to determine these properties 

geological investigation is performed. It involves digging a 

small test pit with in the carriage width to a depth of 

minimum 20cm, in which upper 10cm of soil is discarded. 

And CBR experiment is carried out. 

1) CBR Test 

California bearing ratio, is a laboratory experiment carried 

out in order to determine the strength of the soil sample to 

resist the force applied by the standard plunger or in other 

words to determine the bearing capacity of the soil sample. 

Based on these results the design of the pavement thickness 

is calculated. This experiment is carried out either by 

preparing the soil sample in lab or by directly using the 

undisturbed in situ soil sample. 

2) Calculation 

The CBR value is calculated by following equations 

CBR % =   
𝑙𝑜𝑎𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 𝑎𝑡 2.5𝑚𝑚 𝑎𝑛𝑑 5.0𝑚𝑚 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑏𝑦 𝑝𝑙𝑢𝑛𝑔𝑒𝑟

𝑙𝑜𝑎𝑑 𝑠𝑢𝑠𝑡𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑎𝑔𝑔𝑒𝑟𝑔𝑎𝑡𝑒𝑠 𝑎𝑡 2.5𝑚𝑚 𝑎𝑛𝑑 5.0𝑚𝑚 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 
 

(3.2) 

V. RESULTS OF THE SURVEY CARRIED OUT 

Chainage 

Avg Deflection 

Value (FWD) 

Characteristic 

Deflection (BBD) 

 Cycle1 Cycle2 

0.00 - 0.10 0.64 0.13 0.17 

0.10-1.10 0.71 0.35 0.3 

1.10-1.200 0.92 0.78 0.54 

1.200-1.700 0.62 0.37 0.31 

1.700-1.825 0.56 0.41 0.34 

1.825-2.16 0.87 0.53 0.48 

Table 2: Benkelman Beam Deflection & Fwd 

Chainage 
International Roughness Index (IRI) 

Cycle1 Cycle2 

0.00 - 0.10 3.066 2.83 

0.10 - 1.10 3.81 3.54 

1.100 -1.200 2.477 2.595 

1.200 -1.700 3.655 3.419 

1.700 -1.825 3.066 2.83 

1.825 -2.16 3.301 3.419 

Table 3: International Roughness Index 

Road Stretch Anur to Hunasenahalli 

Cycle 1 681 

Cycle 2 690 

Table 4: Average Daily Traffic 

Chainage 
Pavement Condition Index (PCI) 

Cycle1 Cycle2 

0.00-1.00 97 96 

0.10-1.100 67 63 

1.100-1.200 100 100 

1.200-1.700 76 72 

1.700-1.825 71 68 

1.825-2.16 72 70 

Table 5: Pavement Condition Index  

 

Total commercial 

vehicles per day 

Equivalent 

factor(EF) 

Cycle 1 175 0.00165 

Cycle 2 189 0.00163 

Table 6: Axle Load Survey  

Road Stretch CBR 

Anur to Hunasenahalli 7.02 

Table 7: Californiya Bearing Ratio 

VI. CONCLUSION 

A. For Average Daily Traffic 

A three day 24 hours classified volume count was conducted 

for both the directions of traffic. The average daily traffic 

was calculated from acquired data for each cycle, the ADT 

values are 681 and 690 for cycle 1 & 2 respectively.  

B. For Axle Load 

The found Commercial vehicles per day (CVPD) are 175 

and 189 for cycle 1 & 2 respectively. The Vehicle damage 

factor (VDF) was calculated from the above obtained data’s 

are within the allowable limit of 1.50. Hence the pavement 

failure will be persistent. 

C. For Benkelman Beam Deflection 

The average deflection is noticed for CFC, flexible, rigid 

and also ICBP for both cycles and the values are showing 

constant variation and all the observed deflection values are 

within range. So there is no need of overlay. The deflection 

values obtained in post monsoon are higher than pre 

monsoon for all types of roads. 

D. For Pavement Unevenness Index (IRI) 

The IRI values obtained for all technologies are showing 

constant increase in trend. The international roughness index 

values are within 3.5 mm/km and also at this the level it 

effect less on vehicle operating cost.  

For all the technology demonstration road, with 

same traffic and weather conditions, the cell filled concrete 

pavement bared higher roughness values when likened to 

the other technologies. 
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E. For Pavement Condition Index (PCI) 

The pavement condition index (PCI) values are achieved as 

per ASTM (D6433-11) for conventional concrete 

pavements, CFC pavements, Interlocking concrete block 

pavement and conventional flexible pavements for cycle 1 

& 2 respectively are showing constant fall in trend .The cell 

filled concrete pavement showed lower pavement condition 

Index (PCI) value of 63 when related to the other 

technologies. 

The PCI values ranging from 86-100 are good and 

compel no maintenance; the PCI values ranging from 70-75 

are satisfactory and require less or no maintenance and PCI 

values ranging from 55-70 are fair and require routine 

maintenance, patching and crack sealing. 

ANNEXURE 
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Fig. 2: Photos Taken During Suvey for Anur- Hunasenahalli 

Road 
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