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Abstract 

Most of the road network in India has a significant level of deterioration and therefore requires major rehabilitation projects; in 

general, most of these rehabilitation activities involve a new asphalt layer on the original pavement structure; knowledge and 

analysis of structural capacity of the pavement is essential to perform a durable and economical rehabilitation design. The 

determination of the structural capacity of flexible pavements as a function of the deflections produced by the application of a 

load. The techniques most used in many countries to measure pavement deflections are the Falling Weight Deflectometer (FWD) 

and the Benkelman beam, the first one works under dynamic loading and the second device under static loading. The use of 

devices under static loading has not been recommended by several design methodologies, including AASHTO, but these are still 

used widely in many countries including India, for this reason it is necessary to compare the deflections by Benkelman beam and 

falling weight deflectmeter. In this study deflections measure by BBD and FWD techniques on 30 deflection observation points 

on selected 1.5 km flexible urban highway stretch. Both test are perform simultaneously on marking points. And data collected 

by booth test are as per IRC: 81-1997 and IRC: 115-2014. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 General:  

In economic growth and development of country Transportation infrastructure plays a lead role. The road transport is the oldest 

and most widely mode of transport of mankind. Pavements are the key elements of infrastructure of the country, whose functions 

are to promote transport activities, economic activities and to improve the standard of living life. All structures fail at some point 

but the life of structure is extending by the maintenance and rehabilitation activities. The maintenance and rehabilitation 

activities of pavement structures become increasingly important as pavements deteriorate with time and traffic operation. The 

combined effects of traffic loading and the environment will cause every pavement, no matter how well-designed/constructed to 

deteriorate over time. 

 Pavement Evaluation Concepts: 

Pavement evaluation is a technique of assessing the condition of a pavement, both structurally and from the point of view of 

surface characteristics. The pavement evaluation is performed to determine the capacity of the pavement to sustain future traffic 

loading and/or the level of support that the pavement would provide to a subsequent overlay.  A pavement evaluation is typically 

accomplished using nondestructive testing (NDT) equipment designed to measure the surface deflection of a pavement under a 

simulated wheel load. 

Now, this evaluation of pavement is done under two main categories:   

 Functional Evaluation 

 Structural Evaluation  

 Objectives of Study:  

The objective of this study is to compare BBD and FWD testing of flexible pavements. This has been accomplished by 

completing the following related objectives: 
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1) To carry out comparison between deflections measurements on existing flexible pavements under static and dynamic load 

techniques. 

2) To determine the structural capacity of flexible pavements. 

3) To suggest the strengthening requirements for selected existing flexible pavements. 

 Need of Study:  

The use of devices under static loading has not been recommended by several design methodologies, including AASHTO,  

but these are still used widely in many countries including India, for this reason it is necessary to compare the deflections  by 

Benkelman beam and FWD. for this reason it is necessary to establish the comparative studies between the deflections 

obtained from Benkelman beam deflection test and falling weight deflect meter.  

 Scope of the Work:  

The following survey and tests will be conduct to compare deflection of flexible pavements by BBD and FWD techniques: 

1) Pavements condition survey by visual observation. 

2) Demarcation of the road into three sub-stretches and marking the deflection observation point on the stretch. 

3) To collect the structural details of the existing flexible pavement by test pit. 

4) To perform Benkelman beam deflection (BBD) and falling weight deflectometer (FWD) test for deflection survey.  

5) To collect the soil sample of subgrade for laboratory testing like grain size analysis, cone penetration test, proctor 

compaction test and California bearing ratio test for moisture content and strength of soil subgrade. 

II. LITERATURE REVIEW 

Murillo Feo C.A. and Bejarano Urrego L.E, Research on Correlation between deflections measurements on flexible pavements 

obtained under static and dynamic load techniques. Aim of this paper is Correlation between deflections measurements on 

flexible pavements obtained under static and dynamic load techniques. The techniques most used in Colombia to measure 

pavement deflections are the Falling Weight Deflectometer (FWD) and the Benkelman beam, the first one works under dynamic 

loading and the second device under static loading. different associations like the AASHTO do not recommend the use of 

deflectometers under static load, but in several countries, including Colombia which presents damage in the most of the road 

network, these devices are still in use especially the Benkelman beam, not only for structural evaluation but also for design of 

pavement structures; this is due especially to difficult acquisition, unfamiliarity and cost of falling weight deflectometer. 

Therefore, it is important to determine the degree of correlation between these two devices to be able to obtain FWD deflections 

as a function of Benkelman beam deflections. In this paper representative results of deflection basins acquired in the study. The 

tendency of the deflection curves is deep and of short length, which means that the subgrade corresponds to a poor-quality soil 

and deficient pavement performance. It was observed that the deflection basins obtained from the Benkelman beam are much 

deeper (12 to 232 mm²) than those obtained using FWD (31, 29 to 164, 14 mm²) giving more critical quality of the structure. The 

effective structural number (SNeff) was obtained using the methodology of the Hogg Model for BBD and FWD measurements. 

III. STUDY AREA AND METHODOLOGY 

 Study area location  

Ahmedabad city is the administrative Centre of Gujarat, India. Located at latitude 23.0300° North and longitude 72.5800° East, 

the city is the Centre for social, educational, commercial, residential, cultural, political and economic activities of Ahmedabad 

district. 

Study section and survey details. Divine Road (230 33’ 53.16” N 720 25’ 30.55” E) is one of the Urban Highway in 

Ahmedabad city in Gujarat State. It is Near to Science City Road, Sola Ahmedabad. The Urban highway connecting the Sola 

Gam Road is taken as study area having of 1.5 km.  
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Fig. 2.1: Study Area Divine Road CH: 0.00 to CH: 1.5 km 

 Methodology 

 
Fig. 2.2: Flow Chart of Methodology 
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IV. DATA COLLECTION 

 Preliminary Studies: 

 Prior to starting the deflection studies, it is essential to carry out preliminary studies consisting of the following operations: 

 Historical data of study area location like map, annual rainfall, temperature and traffic condition data etc. 

 Visual inspection of road stretch and demarcation of the road into sub-stretches based on pavement surface condition and 

grouping into sub-stretches into three groups. 

 Marking of deflection observation points along the selected wheel paths. 

 Existing highway pavements structural details by test pit. 

 Marking of the Deflection Observation Points 

The deflection observations points are marked at transverse distance of 1.5 m from the pavements edge because lane width is 

more than 3.75m and it is four lane divided road. Points are marked at only the outer wheel path in left side of the lane. 

 
Fig. 3.1 (a): Test patterns                                       Fig. 3.1 (b): Marking of the points 

 Marking of the Deflection Observation Points 

Existing pavement layers thickness above the subgrade layer in 330 mm for base and sub-base layer in base layer WBM ( Water 

Bound Macadam) is 210 mm and sub-base layer 120 mm GSB (Granular sub base) layer are clearly shows in figure (a) and 100 

mm BT(Bituminous Thickness) layer are shown in figure (b). 

  
Fig. 3.2 (a): Test Pits View                                    Fig. 3.2 (b): Existing Pavements layers 

 Benkelman Beam Deflection (BBD) Test 

Benkelman beam is less expansive deflection measuring equipment and method of study is simple and easy to carry out. The 

magnitude of rebound deflection of a flexible pavements when a standard wheel load of truck is moved forward is measured 
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using Benkelman beam. Here this survey is carried out on 30 deflection observation points on selected stretch. Equipment, 

procedure and field data collection during BBD studies are describe below. The Benkelman Beam survey is carried out at every 

50 meter interval. First 500 m section Dial gauge reading data of Benkelman beam survey on stretch are shown in above table 

and other data shown in data analysis chapter. Analysis of this data are shows in next chapter and other Benkelman beam survey 

data shows in figure 3.3. 

 
Fig. 3.3:  Benkelman beam survey on study location 

 Falling Weight Deflectometer (FWD) 

Falling Weight Deflectometer (FWD) is an impulse-loading device in which a transient load is applied to the pavement and the 

deflected shape of the pavement surface is measured. The working principle of a typical FWD is illustrated in Figure DO, D1, 

etc., mentioned and surface deflections measured at different radial distances Impulse load is applied by means of a falling mass, 

which is allowed to drop vertically on a system of springs placed over a circular loading plate. The deflected shape of the 

pavement surface is measured using displacement sensors which are placed at different radial distances starting with the center of 

the load plate. 

FWD test on study area location are shown in below figure 3.5. Deflection recorded on the same observation points of BBD 

point. Load and deflection data are acquired with the help of a data acquisition system in the car with computer system and data 

recorded by technician. Data record sheet are shown in below table. 

 
Fig. 3.4: Falling weight deflectometers test on study location 

V. DATA ANALYSIS 

 Subgrade Evaluation Data 

The soil sample is collected at 0.900 km at the pavement composition survey locations. Grain size analysis, liquid Limit and 

plastic Limit, MDD, CBR tests are done on collected sample. 
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Table - 4.1 

Summary of test results for pit area samples 

Location 
IS 

Classification 

Sieve Analysis % by Weight 

Gravel > 

4.75 mm 

Coarse Sand (4.75 

- 2.0) mm 

Med Sand (2.0 - 

0.425) mm 

Fine Sand (0.425 - 

0.075) mm 

Silt Clay < 

0.075 mm 

Divine Road (1.5 km), 

Sola, Ahmedabad 
SM 13.5 15.5 25 13.5 32.5 

 

Cone penetration method 

Colour 

Compaction CBR 
Moisture Content 

(%) 
Liquid Limit (LL) 

% 

Plastic Limit (PL) 

% 

Plasticity Index (PI) 

% 

OMC 

(%) 

MDD 

(g/cc) 

CBR 

Soaked 

23 NP NP 
Dark 

Brown 
7.10% 2.118 5.73 4.76 

Table - 4.2 

Existing Pavement composition 

Crust Thickness 

BC/ DBM (mm) WMM (mm) WBM (mm) GSB (mm) Total thickness 

100 210 120 430 

 Analysis of Benkelman beam deflection test  

The Benkelman Beam survey is carried out at every 50 meter interval. Total 1.5 km stretch divided into three 500 m sub stretch 

or section. The Benkelman beam survey data with analysis are shown in table 4.3 
Table - 4.3 

Summary data collection of Benkelman beam deflection test 

Location Dial Guage Readings 
Temp. 

Rebound 

Deflection 

Temp.             

Correction 

Seasonal 

Correction 

Corrected 

Deflection 

Mean 

Deflection 

Standard 

Deviation 

Characteristics 

Deflection 

km Side 
Initial Inter. Final 

Do Di Df T(°C) Dr Tc Sc D Dm Sd Dc 

0.000 LHS 0 -0.522 -0.6 39.4 0.012 0.088 1.18 0.118 0.118 0.005754 0.129508 

0.250 - 0 -0.244 -0.384 39.4 0.008 0.088 
 

0.11328 0.118 0.005754 0.129508 

0.500 - 0 -0.699 -0.765 40.2 0.015 0.104  0.14042 0.136626 0.015184 0.166994 

0.750 - 0 -0.344 -0.387 40.2 0.008 0.104  0.0954 0.136626 0.015184 0.166994 

1.000 - 0 -0.827 -0.829 41.9 0.017 0.138  0.1829 0.181291 0.00249 0.186272 

1.250 - 0 -0.764 -0.782 41.9 0.016 0.138 
 

0.18172 0.181291 0.00249 0.186272 

1.500 - 0 -0.83 -0.833 41.9 0.017 0.138 
 

0.1829 0.181291 0.00249 0.186272 

 Falling Weight Deflect meters data analysis  

The FWD test data collected from different load drops at each test point primarily consist of peak load, peak deflections at 

different radial locations. Average value of load and deflections are calculated from the three drop test data collected at a given 

location. 
Table - 4.4 

Data collection of falling weight deflectometers 

Location Points Temp Force D1 D2 D3 D4 D5 D6 D7 D8 D9 

0.050 LHS 1 39.4 41.41 556.00 454.80 394.50 320.70 250.40 162.60 113.00 82.20 65.70 

0.250 - 5 39.4 40.50 1059.50 798.00 621.50 419.50 275.20 149.60 100.40 76.50 61.20 

0.500 - 10 39.4 39.61 942.80 942.80 686.40 433.20 274.90 144.70 93.30 67.50 54.50 

0.750 - 15 40.2 40.64 1006.50 753.10 568.50 380.60 261.90 153.30 106.50 82.10 65.90 

1.000 - 20 40.2 40.72 1001.00 764.80 575.20 367.30 228.70 113.40 73.30 52.90 42.60 

1.250 - 25 41.9 40.11 1206.30 946.10 766.60 561.00 377.90 194.40 117.70 85.80 69.30 

1.500 - 30 41.9 40.40 927.20 672.60 514.80 351.20 236.80 130.20 82.40 58.50 45.00 

VI. CONCLUSION 

In this study I have collected data and from study area location divine road, sola, Ahmedabad. In all data collection major data of 

Benkelman beam deflection test and falling weight deflectometers data and other laboratory test data of soil sample are also 

included.  
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