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Abstract— The main objective of the present dissertation 

work is to conduct pavement performance evaluation of 

roads which is constructed using Zydex Nanotechnology 

under the technology demonstration project of NGNRY 

under KRRDA, Government of Karnataka. The study area is 

selected are Kethohalli to T-02 (3.44km) Road of Tumkur 

Taluk, Tumkur District and Pandrahalli to Godabanahal 

Road of Chitradurga Taluk, Chitradurga District. The study 

includes Functional Evaluation (Roughness measurement 

using MERLIN and Pavement Condition Survey by Visual 

Rating method), Structural Evaluation (Deflection study 

using BBD and Axle load Studies) and Geotechnical 

Investigation (Grain Size Analysis, Atterberg Limits and 

CBR) of the mentioned road stretches.                                        
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I. INTRODUCTION 

Providing a good road network plans important role in 

development of any country. The road network is a system 

of interconnected roads designed to accommodate vehicles 

and pedestrian traffic. In India ,there are about more 6 lakhs 

villages located in different terrain conditions .A large 

number of villages in the rural India are still not connected 

with all-weather roads, without a good system of network 

these villages lags many facilities like basic necessities ,like 

health education etc... It has now been realized that for the 

development of rural areas, development of proper and 

communication system must be given priority. 

Rural road integration is a key part of rural 

development by elevating access to monetary and social 

administrations and thereby creating expanded agrarian 

salaries and profitable occupation opportunities. It is 

additionally a key fixing in guaranteeing poverty decrease. 

Rural roads have been planned and constructed under 

various rural development programmes of the government 

of India. Genuine endeavours through these projects too 

couldn't make all-climate integration to more than 50 

percent of the 6 lakhs villages. 

II. OBJECTIVES OF THE STUDY 

The main objectives of the present study are as follows. 

1) Functional Evaluation of the selected road stretches by 

conducting Pavement Condition Survey and by 

MERLIN. 

2) Structural Evaluation of the selected road stretches by 

conducting Axle Load Survey, Benkelman Beam 

Deflection Studies (BBD). 

3) To know the properties of soil in these road stretches by 

conducting Geotechnical investigation on the collected 

sample.  

III. LITERATURE STUDY 

A. Bala Raju Teppala and C.B. Mishra (2014):                                                                                                        

In this paper, it is stated that the burgeoning urban 

population of India with rapid rise in industrialization 

coupled with high increase of road vehicles engaging in 

rapidly expanding cities to fit the developmental needs of 

the economy demands good quality of roads to cope up the 

increasing pressure of road traffic. It becomes the 

responsibility of researchers, scientists, contractors to 

improve the riding quality while maintaining the economy 

for the country like ours. In this paper, initially the 

investigations are carried out to determine engineering 

properties of locally available crushed stones, fillers and 

60/70 grade bitumen for mix design. Marshall Method of 

mix design for DBM (grade 1) was adopted to find out the 

optimum bitumen content. In order to arrive at homogenous 

mix with required standards, VG 30 bituminous mix with 

obtained 4.25% optimum bitumen content is taken into 

consideration for Modified Marshall Mix design by addition 

of 0.03%, 0.04% and 0.06% dosage of Zycosoil chemical is 

prepared and tested to determine the key properties as per 

the codal provision. 

B. Pushpak Luhana, Jayesh Kumar Pitroda and L.B. Zala 

(2013):  

In this paper study was mainly on benefits of using 

nanotechnology to make soil water proof are like increment 

in California bearing ratio results in wet conditions, 

decrement in maintenance or negligible maintenance, 

increase in life span of road because reduction in thickness 

required of pavement. In these Nanotechnology chemicals 

has been developed to prepare in-situ waterproofed layer, to 

act like a nano breathable membrane on the compacted soil 

layer during pavement construction. 

C. Dr. Atul Bhatore and Dr. (Mrs.) V.Tare (2015):  

The goal of the present study is to complete the pavement 

performance study on the rural road sections constructed 

under different rural road schemes and to develop combined 

pavement condition prediction models. The scope of the 

study also consists of suggesting the optimum maintenance 

strategies for rural roads, based upon the developed 

pavement performance models. The road network and 

inventory data for each of the identified rural road section 

has been collected from the construction and maintenance 

records of the concerned highway division’s in-charge of the 

maintenance of these roads as well as by carrying out the 

actual field studies. Present Condition Index (PCI), a record 

mirroring the composite impacts of fluctuating distress 

types, seriousness level and degree upon the general state of 
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pavement has been computed for each rural road segment in 

all categories. 

D. Julius B.Arop (2012):  

This paper reports the results of research on the application 

of nanmaterials to improve the quality and durability of road 

infrastructure. The research investigated road transportation 

infrastructure failures and feasibility of preventive 

engineering solutions using nanotechnology. Laboratory 

experiments were conducted on different treated and 

untreated Nigerian soil samples to study the changes in their 

fundamental geotechnical properties. 

E. Vinay H N and Sunil S (2014):  

The research was on white topping technique. The nature of 

overlay treatment in the name of maintenance on flexible 

pavements is generally Hot Mix Asphalt (HMA) as this 

technology is in for many years. Lack of interest in selecting 

different resurfacing alternative is seen in road contractors 

because of ease in construction of HMA overlay and 

experience gained by them in construction of HMA overlay. 

In the present work an attempt is made to evaluate the 

structural and functional condition of existing flexible 

pavements and provide a cost effective rehabilitation 

solution. 

IV. MATERIALS AND METHODOLOGY  

Technology adopted in the construction is nanotechnology 

and materials used for different layers are explained below, 

as per the literature available from the Zydex industries.  

- Terraprime is used for primer coat 

- Nanotac is used for tack coat 

- Zycosoil is used for bituminous layers (PMC and seal 

coat ) 

The pavement performance evaluation involves a 

study of functional as well as structural behaviour. It 

depends on type of material, layer thickness, traffic and time 

etc. In general pavement evaluation serves the planning and 

design activities of pavement management and also 

construction and maintenance activities. Generally 

performance evaluation study includes the structural and 

functional evaluation. 

V. STUDY AREA SELECTION 

In this study two roads were selected from Tumkur and 

Chitradurga districts in Karnataka state, which were 

constructed under the technology demonstration project of 

NGNRY under KRRDA, Government of Karnataka. 

SI.No 
Name of 

the road 
Type of the Road Package Number 

Width of the Carriage way Total length 

(In m) In km 

1 

 

Kethohalli to 

T-05 
Village road KS-25-04 3.75 3.44 

2 

 

Pandrahalli to Godabanahal 

 
Village road KS-10-04 3.75 0.6 

Table 5.1: Details of Study Stretches 

VI. DATA COLLECTION 

A. Pavement Construction History Data 

Study Stretch Pavement Layer details Chainage 

Kethohalli to 

T-05 

75mm Wbm Grade3 + 

100mm Soil aggregate + 

50mm GSB + 100mm GSB 

0 to 1km 

75mm Wbm Grade3 + 

75mm Soil aggregate + 

75mm GSB 

1 to 2km 

75mm Wbm Grade3 + 

100mm Soil aggregate + 

100mm GSB 

2 to 2.65 

km 

75mm Wbm Grade3 + 

75mm Soil aggregate + 

75mm GSB 

2.65 to 

3.44 km 

Pandrahalli to 

Godabanahal 

75mm Grade2 metalling + 

75mm Grade3 metalling + 

125mm Gravel sub base + 

100mm Gravel subgrade 

0 to 0.6 

km 

Table 6.1: Pavement Layer Details 

B. Functional Evaluation  

Functional assessment of pavement is fundamentally 

concerned with the ride quality or surface composition of a 

pavement area. Everybody who drives or rides in a vehicle 

over the surface of a pavement can subjectively judge the 

smoothness of the ride. Along these lines, it is normal that 

smoother roads will last more. Roughness is commonly 

measured utilizing distinctive lists, for example, Present 

Serviceability Rating (PSR), Present Serviceability Index 

(PSI), Ride Number (RN), and International Roughness 

Index (IRI). 

C. Structural Evaluation 

Pavement structural assessment is concerned with the basic 

limit of the pavement as measured by deflection, layer 

thickness, and material properties. It is utilized to get data 

on the load bearing capacity for both roads and air terminals 

to assess the requirement for support and restoration, 

resource pavement assessment, and construction quality 

control. Non-destructive testing has turned into a necessary 

piece of pavement structural assessment and rehabilitation 

methodologies as of late. The falling weight deflectometer 

(FWD) is viewed as the most well known gear utilized for 

non-destructive testing of air terminals and highways. In 

small projects, the Benkelman Beam can be utilized to 

survey basic adequacy of the pavement layers. Addition to 

this Vehicle Damage Factor by Axle load surveys and 

Traffic analysis were carried out. 

D. Geotechnical Investigations 

Detailed evaluations in the laboratory were done on the soil 

sample in accordance with the Indian Standard 

Specifications. The following tests was carried out for each 

soil sample i.e., Atterberg limits (Liquid limit and plastic 

limit), OMC (optimum moisture content), MDD (Maximum 

Dry Density) and CBR (California Bearing Ratio Test). 
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VII. RESULTS AND DISCUSSIONS  

A. Road1- Kethohalli to T-05 

1) Benkelman Beam Studies 

SI.No 

 

Chainage(km) 

 

Characteristic 

Deflection (Dc, 

mm) 

Average 

Characteristic 

Deflection 

(mm) From To 

1 0 0.5 0.687  

 

 

0.535 

 

 

 

2 0.5 1.0 0.621 

3 1.0 1.5 0.422 

4 1.5 2.0 0.664 

5 2.0 2.5 0.531 

6 2.5 3.0 0.511 

7 3.0 3.44 0.312 

     Table 7.1: Average characteristic Deflection Value 

The Benkelman Beam Deflection Studies were 

carried out on the above mentioned road stretch and test was 

conducted as Per IRC-81 1997.  The observed average 

characteristic deflection value (Dc) for the stretch is 0.535 

mm. 

2) Classified Volume counts and Axle Load Survey 

SI.No PCU CVPD ESAL 
Traffic 

Category 
E.F 

1 119 67 60667 T3 0.254 

Table 7.2: Average PCU, CVPD, ESAL, Traffic category 

and Equivalent Factor Values 

The Axle load survey was carried out on the above stretch 

for a period of 24 Hours. The test was conducted as per IRC 

SP-19 2001. The observed equivalent factor is 0.254. 

3) Merlin Study 

SI.No 

Chainage 

(km) 
Average IRI 

Value (m/km) 

Average IRI 

Value (m/km) 
From To 

1 0.00 1.00 3.204 
2.961 m/km 

or 

2961 mm/km 

2 1.00 2.00 2.870 

3 2.00 3.00 3.301 

4 3.00 3.44 2.470 

Table 7.3: Average Roughness (IRI) Values 

The MERLIN survey was conducted on the above stretch 

and the observed average International Roughness Index 

(IRI) value was found to be 2.961 m/km. 

4) Pavement Condition Survey 

SI.No 

Chainage 

(km) 

Pavement 

Condition Index 

(PCI) 

PCI 

Rating 
From To 

1 0.0 1.0 4 Good 

2 1.0 2.0 5 
Very 

Good 

3 2.0 3.0 5 
Very 

Good 

4 3.0 3.44 5 
Very 

Good 

Table 7.4: PCI Value and Rating 

5) Geotechnical Investigation on Soil-Laboratory Test 

Results 

SI.No 1 2 3 4 5 

Chainage 

(km) 
0.0 1.0 2.0 3.0 3.4 

IS soil SP SP SP SW SW 

Classification 

Atterberg 

Limits 

(IS2720,Part5,

1985) 

LL(%

) 
25 22 28 24 24 

PL(%

) 
18 16 21 19 17 

PI(%) 7 6 7 5 7 

Compaction 

Parameters 

(IS-2720,Part8 

1983) 

MDD 

(g/cc) 
1.85 1.89 

1.8

7 
1.89 

1.8

6 

OMC 

(g/cc) 
13.6 

12.8

4 
9.6 

14.3

6 
9.4 

CBR 

(IS 2720 Part 12,1983 ) 
4.0 5.0 6.0 7.0 7.0 

Table 7.5: Soil tests results for Kethohalli to  T-05 

Note: SP- Poorly graded sand and gravelly sand, SW- Well 

graded sand and gravelly sand      

6) Designed Crust Thickness Results 

SI.No 1 2 3 4 

Chainage(km) 
0    to    

1 

1    to    

2 

2    to 

2.65 

2.65 to 

3.44 

DPR 

Results 

CBR 

Values (%) 
4 8 6 7 

Pavement 

Thickness 

(mm) 

325 225 275 225 

Obtained 

Results 

CBR 

Values (%) 
5 5 6 7 

Pavement 

Thickness 

(mm) 

275 275 275 225 

Remarks 

The thickness as per DPR is 

325,225 and 275 mm is retained 

and the comparison is only for 

academic purpose 

Table 7.6: Crust thickness design 

B. Road 2- Pandrahalli to Godabanahal 

1) Benkelman Beam Studies 

SI.No 

Chainage 

(km) 
Characteristic 

Deflection 

(mm) 

Average 

Characteristic 

Deflection(mm) From To 

1 0.0 0.6 0.497 0.497 

Table 7.7: Average characteristic Deflection Value 

The Benkelman Beam Deflection Studies were 

carried out on the above mentioned road stretch and test was 

conducted as Per IRC-81 1997.  The observed average 

characteristic deflection value (Dc) for the stretch is 0.497 

mm. 

2) Classified Volume counts and Axle Load Survey 

The Axle load survey was carried out on the above stretch 

for a period of 24 Hours. The test was conducted as per IRC 

SP-19 2001. The observed equivalent factor is 0.0603. 

SI.No PCU CVPD ESAL 
Traffic 

Category 
E.F 

1 119 67 112722 T4 0.060 

Table 7.8: Average PCU, CVPD, ESAL, Traffic category 

and Equivalent Factor Values 
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3) Merlin Study 

SI.No 
Chainage (km) 

Average IRI Value (m/km) 
From To 

1 0.00 0.60 

2.71 m/km 

or 

2710 mm/km 

Table 7.9: Average Roughness (IRI) Values 

The MERLIN survey was conducted on the above stretch 

and the observed average International Roughness Index 

(IRI) value was found to be 2.710 m/km. 

4) Pavement Condition Survey 

SI.No 

Chainage 

(km) 
Pavement 

Condition Index 

(PCI) 

PCI Rating 

From To 

1 0.0 0.6 5 Very Good 

Table 7.10: PCI Value and Rating 

5) Geotechnical Investigation on soil-Laboratory test 

results 

SI.No 1 2 

Chainage (km) 0.0 0.5 

IS soil Classification SW SP 

Atterberg Limits 

(IS2720,Part5,1985) 

LL(%) 28 24 

PL(%) 19 14 

PI(%) 9 10 

Compaction Parameters 

(IS-2720,Part8 1983) 

MDD 

(g/cc) 
1.79 1.81 

OMC 

(g/cc) 
14.02 12.06 

CBR (IS 2720 Part 12,1983 ) 4.0 4.0 

Table 7.11: Soil tests results for Pandrahalli to Godabanahal 

stretch 

Note: SP- Poorly graded sand and gravelly sand, SW- Well 

graded sand and gravelly sand      

6) Designed Crust Thickness Results 

SI.No 1 

Chainage(km) 0    to    0.6 

DPR 

Results 

CBR Values   

(%) 
4.0 

Pavement 

Thickness 

(mm) 

375 

Obtained 

Results 

CBR Values   

(%) 
4.0 

Pavement 

Thickness 

(mm) 

375 

Remarks 

The thickness as per DPR is 

375 mm is retained and the 

comparison is only for 

academic purpose. 

Table 7.12: Crust thickness design 

VIII. CONCLUSIONS 

A. Name of the road: Kethuhalli to T-05 

The Pavement Condition Survey, Axle Load survey, 

MERLIN and Benkelman Beam Deflection studies were 

conducted on the Kethuhalli to T-05 Road stretch and the 

Following observations are made: 

1) The traffic Survey was done for a period of 24 hours 

only. The total Traffic Count and Category of Traffic 

are Tabulated in Table-7.2 

2) The road surface has few minor patchworks, edge drop, 

rutting and ravelling at few places. Longitudinal 

depression is found at Chainage 0.620km to 0.700km. 

The surface is free from distresses such as Pot Holes, 

Cracking in the entire road stretch during the time of 

survey. The Pavement Condition Rating is provided in 

Table-7.4. 

3) The Benkelman Beam Deflection Studies were carried 

out on the above mentioned road stretch and test was 

conducted as Per IRC-81 1997.  The observed average 

characteristic deflection value (Dc) for the entire stretch 

is 0.535 mm*. So, from the observed values it can be 

concluded that the Relaying of the pavement is not 

warranted. 

4) *The BBD values should not be taken as reference for 

the design of overlay. The characteristic deflection 

values are considered to understand the overall 

deflection characteristics of the pavement under a 

standard load. Since, the surface course is not a 

structural layer; it is only a functional layer. 

5) The Axle load survey was carried out on the above 

stretch for a period of 24 Hours. The test was conducted 

as per IRC SP-19 2001 and the Results are shown in 

Table -7.2. The observed equivalent factor is 0.2539. 

Table-7.2 and from the observed results it can be 

concluded that the vehicles are not over loaded.  

6) The MERLIN survey was conducted on the above 

stretch and the observed average International 

Roughness Index (IRI) value was found to be 2.962 

m/km. Since, observed value is below 3.0 m/km, 

Roughness Value has a less importance on vehicle 

operation cost.  

B. Name of the road: Pandrahalli to Godabanahal 

The pavement Condition Survey, Axle Load survey, 

MERLIN and Benkelman Beam Deflection studies were 

conducted on the Pandarhalli to Godabanhal Road stretch 

and the Following observations are made: 

1) The traffic Survey was done for a period of 24 hours 

only. The total Traffic Count and Category of Traffic 

are Tabulated in Table-7.8. 

2) The Road stretch is in Good Condition. The surface is 

free from the distress such as Pot Holes, Ravelling, 

Edge Drop, Cracking, rutting and Longitudinal 

Depression during the time of survey. The patchwork is 

observed in the Chainage 0.00 to 200.00mts.  The 

Pavement Condition Rating is provided in 7.10.  

3) The Benkelman Beam Deflection Studies were carried 

out on the above mentioned road stretch and test was 

conducted as Per IRC-81 1997.  The observed 

characteristic deflection value (Dc) for the stretch is 

0.497 mm*. So, from the observed values it can be 

concluded that the Relaying of the pavement is not 

warranted. 

*The BBD values should not be taken as reference 

for the design of overlay. The characteristic deflection 

values are considered to understand the overall deflection 

characteristics of the pavement under a standard load. Since, 
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the surface course is not a structural layer; it is only a 

functional layer. 

4) The Axle load survey was carried out on the above 

stretch for a period of 24 Hours. The test was conducted 

as per IRC SP-19 2001 and the results are shown in 

Table-7.8. The observed equivalent factor is 0.0578.  

Table-7.8 and from the observed results it can be 

concluded that the vehicles are not over loaded.  

5) The MERLIN survey was conducted on the above 

stretch and the observed average International 

Roughness Index (IRI) value was found to be 2.71 

m/km, since the observed value is below 3.0m/km, 

Roughness value has less significance on vehicle 

operation cost.  
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