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Elastic properties of asphalt 
pavements are extensively 
used for pavement 
evaluation and 
maintenance scheduling. 
Presently, methods such as 
Falling Weight 
Deflectometer (FWD), 
Plate Load Tests and 
Rolling Dynamic 
Deflectometer (RDD) are 
used by the Texas 
Department of 
Transportation (TxDOT) 
for these measurements. 
These methods have a slow 
rate of data production 
because they are contact 
measurement systems. In 
this project, a laser system 
and a Ground Penetrating 
Radar (GPR) system were 
developed for the 
measurement of the elastic 
properties of asphalt 
pavement. Several 
experiments and field tests 
were conducted to find the 
correlation between the 
electrical properties and the 
elastic properties of asphalt 
pavements. Lab tests 
performed using the 
frequency-modulated 
continuous-wave (FMCW) 
GPR and the Pulse GPR 
indicated a close 
correlation between the 
dielectric constant of 
asphalt and its density. The 

Pulse GPR was then used to 
estimate pavement deflection for 
a 0.3-mile pavement section and 
the results were compared with 
the FWD results. The pavement 
deflections estimated using the 
GPR and those measured using 
the FWD were found to be 
within an acceptable range of 
error. 
 

What We Did … 
This research is to study the 
following two aspects: 1) 
replacing geophone sensors with 
laser sensors; 2) the relationship 
between elastic and electrical 
properties of pavement materials, 
and finding methods to derive 
elastic property values of 
pavement materials by 
measuring their electrical 
properties. The research 
conducted in this project 
includes: 
(1) Laser Device for 
Deflection Measurement 
The laser device developed for 
measurement of pavement 
deflection works on the 
triangulation principle.  Figure 1 
demonstrates the geometry of 
image formation. The laser beam 
intercepts the optical axis at 
point A and the reflected laser 
spot located at point A′ (on the 
position detector). Image B′ 
corresponds to point B. By the 
law of image focusing, the 

change of h on the position 
detector is determined by          

where f is the focus length of the 
lens; α  is the angle between the 
projected laser beam and 
reflected laser beam; β is the 
angle of the reflected laser beam 
on the position detector; and H is 
the sensing range. On the other 
hand, once h is measured, H can 
be found. 

 (2) Accelerometer 

Because the pushcart or the 
FWD frame, referred to as laser 
frame on which the laser device 
is mounted, will vibrate after the 
falling weight impacts on the 
pavement, this frame vibration 
causes errors in the laser-
measured deflections. To solve 
this problem, the accelerometers 
are employed to measure the 
vibration of the laser frame. The 
acceleration data was integrated 
twice to get the vibrations in 
mils. Finally, the pavement 
deflections measured using the 
laser were compensated by the 
laser frame vibration using the 
measured frame vibration. A 
setup of the laser and 
accelerometer with the FWD 
device is shown in Fig. 2.  
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Fig. 2 Laser device setup 

Fig. 3 GPR device for elastic properties measurement  
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Fig. 1 Triangulation principle 

(3) GPR Device for 
Measuring Electrical 
Properties of Pavements 
The elastic properties of 
pavement materials are 
theoretically correlated with their 
electrical properties. The 
measurement of elastic 
properties should be achieved 
indirectly by measuring the 
electrical properties of a 
pavement. To accurately measure 
the electrical properties of 
pavement, both time domain and 
frequency domain methods were 
investigated. The Pulse GPR is 
based on time domain 
measurement at a lower 
frequency band. It is used to 
measure elastic properties of 
deep pavement layers. The 
FMCW GPR is used to measure 
top pavement layers, especially 
thin asphalt layers, to increase 
the resolution. The developed 
GPR device is shown in Fig. 3.  
 
(4) Correlation Study 
between the Elastic and 
Electrical Properties of 
Pavement Materials 
A step-by-step approach was 
used to corroborate the proposed 
methods for measurement of 
pavement deflections using GPR. 
Initial simple lab experiments 
were performed to confirm the 
relationship between the density 
of asphalt and its dielectric 
constant.  These experiments 
were followed by field tests on 
test pads using the GPR and the 
FWD.  The FWD and the GPR 
data were then processed and 
compared.  The relationship 
between the two data sets was 
mapped and curve-fitted to give 
an empirical relationship 
between the deflection of 
pavements and the processed 
GPR data. As the final step, GPR 
data was collected from a section 
of pavement at intervals of 5 feet 

Project Summary Report 0-4827-S               - 2 -                                                         



and the calculated pavement 
deflection results were compared 

with the data collected by FWD. 

What We Found… 
1.) The laser device and 
accelerometer device were tested 
in the field; the setup of the 
devices is illustrated in Fig. 2. 
After compensating the effect of 
the laser frame vibration from 
the recorded deflections, the 
pavement deflections using the 
laser device and FWD were 
compared. Table 1 shows the 
results obtained using the FWD 
and the laser device for 
deflections measured at 20 
inches from the point of load 
impact. The laser device 
measured results are very close 
to the results measured by FWD 
geophone sensors. Laser sensors 
are verified to be capable of 
replacing current geophone 
sensors. 
2.) The measured dielectric 
constants of asphalt by Pulse 
GPR and FMCW GPR were 
plotted against density as shown 
in Fig. 4. This graph clearly 
shows that the dielectric constant 
of asphalt is correlated with its 
density.  The correlation is more 
of a monotonic correspondence. 
3.) The tests conducted on TTI 
Test Pads, as shown in Fig. 5, 
demonstrate that the pavement 
deflections have a monotonic 
correspondence with the GPR 
data.  
4.) As shown in Fig. 5, the 
profile of the deflections 
measured on TTI Annex using 
the GPR and the FWD indicates 
that the relative error between 
the measurements using FWD 
and GPR was within the 
acceptable range. 
 
The Researchers 
Recommend… 
Construct a database of different 
kinds of pavement structures to 
improve measurement accuracy 
and speed. 

Dielectric Constant vs Density
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Fig. 4 The relation between asphalt dielectric constant and its 
density 

Fig. 6 Correlation between GPR and FWD data 

Comparison Chart
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Fig. 5 Comparison of GPR and FWD data 

Table 1 Deflections measured by laser device and FWD  

 Laser (mils) FWD (mils) 

Drop 1 9.65 12.5 

Drop 2 12.17 12.43 

Drop 3 13.37 13.05 

Drop 4 13.5 13.2 

Drop 5 10.15 12.5 

Develop algorithms for obtaining 
better correlation. 
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For More Details… 
 This research is documented in: 
 Report 0-4827-1, Feasibility Study of Non-Contact, High Speed Elastic Property  
 Measurement of Pavements-Theoretical and Experimental Results 
 Report 0-4827-2, Feasibility Study of Non-Contact, High Speed Elastic Property  
 Measurement of Pavements 

 
Research Supervisor:  Richard Liu, Ph.D., P.E., (713) 743-4421, 

cliu@uh.edu
TxDOT Project Director:    Brian Michalk, Construction Division 
                                                                        (512) 465-3681 
 BMICHALK@dot.state.tx.us
TxDOT Program Coordinator:   Ed Oshinski, Aviation Division 
                                                                        (512) 416-4534 
      eoshinsk@dot.state.tx.us
TxDOT Research Engineer:                           German Claros, Ph.D., P.E., Research and    
                                                                        Technology Implementation Office 
                                                                        (512) 465-7403 
                                                                        gclaros@dot.state.tx.us

To obtain copies of reports, contact CTR Library, Center for Transportation 
Research, (512) 232-3138, email: ctrlib@uts.cc.utexas.edu  

 

 

 

 

 

 

 

DISCLAIMER 
 
This research was performed in cooperation with the Texas Department of Transportation 

and the Federal Highway Administration. The contents of this report reflect the views of the authors, 
who are responsible for the facts and accuracy of the data presented herein. The contents do not 
necessarily reflect the official view or policies of the FHWA or TXDOT. This report does not 
constitute a standard, specification, or regulation, nor is it intended for construction, bidding, or 
permit purposes. Trade names were used solely for information and not for product endorsement. 
The engineer in charge was Dr. Richard C. Liu, P.E. (Texas 86143). 
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