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Abstract  
The development of multi-channel surface waves (MASW) analysis in recent years 

provides promise for accurate non-destructive characterization of pavements. This paper 
investigates the application of MASW to pavements in order to characterize the top layer of 
the structure in terms of layer thickness and wave velocity. MASW data are collected on full-
scale pavement sections and compared to seismic data collected at the same locations. Core 
samples are drawn to determine actual layer thickness. Effects of testing temperature and 
different type of pavement structure (Full Depth vs. Composite) are investigated. The results 
show that these parameters affect MASW interpretation and accuracy. 

Résumé  

Le développement de l’analyse par ondes de surface multi-traces (MASW) offre ces 
dernières années la promesse d’une caractérisation non destructive plus précise des chaussées. 
Cet article examine l'application de la MASW aux chaussées pour caractériser la première 
couche de la structure en terme d'épaisseur de couche et de vitesse sismique. Les données du 
MASW sont recueillies sur des sections de chaussées grandeur réelle et  comparées avec les 
données sismiques obtenues aux mêmes emplacements. La véritable épaisseur de couche est 
déterminée avec des carottes. Les effets sur l'essai de température et de structure de la 
chaussée (la profondeur totale vs. le matériau) sont examinés. Les résultats montrent que ces 
paramètres affectent l'interprétation et la précision de la MASW.  
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1 Motivation and Introduction 
Non-destructive testing for pavement materials characterization has been a major need for 

constructors in their QA/QC procedures and for consultants in evaluation projects. Pavement 
thickness estimation is one of the most desired characteristics for both parts. A target 
accuracy of ± 6mm is pursued. This accuracy is often achieved by coring. However this 
method damages the structure and also is not efficient in terms of area covered. MASW 
technique has been applied lately for pavement characterization reporting accurate results in 
hot mix asphalt (HMA) sections [1]. The focus of this research was to analyze temperature 
susceptibility as an environmental effect in thickness estimation accuracy in full depth HMA 
and composite (HMA over Portland Cement Concrete- PCC) pavements.     

MASW data collection is based on N wave signals collected on the surface along an 
equally spaced (with spacing X1) linear array of sensed points from the wave source, such as 
an impact event. The impact event for wave’s generation must be provided by a high 
frequency impactor (small contact area).  The multiple data are processed as individual 
signals obtained by each sensor. Data are transformed from the offset time-domain to the 
frequency-phase velocity domain using a 2-D Fourier transform, obtaining a phase velocity 
dispersion curve.  
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The multiple data are presented in the dispersion curve format where the results may be 

interpreted in terms of Lamb wave theory [2,3]. For layer investigation, the MASW data are 
fit to analytically computed fundamental A0 and S0 Lamb modes, using an iterative 
procedure. The A0 and S0 modes are determined by the material Poisson’s ratio, the material 
shear wave velocity and the plate thickness.  Shear wave velocity can be estimated from 
surface wave velocity, and the surface wave velocity is obtained from the asymptotic value of 
phase velocity at increasing frequencies in the dispersion curve. The same individual Fourier 
transforms that are used to create the dispersion curve are also analyzed in the magnitude 
spectrum. In this case the offset results are averaged and normalized to obtain clearer natural 
frequency responses. The pavement thickness is estimated by relating the maxima associated 
with the fundamental thickness resonance in the summed frequency domain amplitude spectra 
(11.23 kHz in Fig. 1) with the zero group velocity frequency of the S0 Lamb mode [4].  An 
example of a full-depth HMA pavement dispersion curve (FEM simulation shown for clarity), 
with overlaid Lamb wave curves, is shown in Figure 1. The plots are generated by the 
Seis_NDT v.10 MASW program, which was developed by Dr. Nils Ryden. 

 

 

Figure 1.  MASW results from FEM simulation of full depth pavement. Phase velocity 
dispersion curves (top) and summed amplitude spectra (bottom) responses. The computed A0  

and S0 Lamb modes for the full depth layer are shown. A fixed Poisson’s ratio of 0.32 
assumed for the asphaltic material.  

2 Experimental Procedure 

2.1 Specimen description 
Three test sections at the University of Illinois were analyzed. Sections 2 “S2” and 4, “S4” 

are composite pavements. Nominally, 15cm of plain Portland cement concrete was overlaid 
with 10cm and 4.5cm, respectively, of HMA. The composite pavement is supported by a 
granular base on top of a fine-grained sub-grade. Thermocouples were embedded and 
measure continuously the temperature in the HMA overlay.  A third section, a full depth 
HMA pavement, has a nominal HMA thickness of 15cm on top of a fine-grained sub-grade. 
Figure 2 depicts the three tested sections with their nominal thickness. In the actual test slab, 
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S4 has variable thickness along the section; however the area with a 4.5cm HMA depth was 
selected for testing. In order to study the effects of environmental conditions on the test 
results, MASW data were collected during in Illinois between January 28th to June 15 2008. 
Representative HMA temperatures during these times for the central Illinois area are 
analyzed. The temperature ranges and associated name designation are “low” (< 11oC); 
“med.-low” (11-18oC); “medium” (19-25 oC); “med.-high” (26-32 oC) to “high” (>32oC).   

 

 
Figure 2  Cross section of the three testing sites. All dimensions in cm. 

2.2 Testing procedure description 
The MASW data collection equipment consisted of an 8-bit digitizer from National 

Instruments, two accelerometers, impactors, amplifiers and a field laptop computer.  A 
consistent data collection setup was applied for all tests. The data collection parameters were 
the following: sampling rate of 1MS/sec, 5000 point signal length, and a variable window 
resolution from ±0.25Volts to ±0.05Volts. The window height (gain) was adjusted beyond 
trace number 15. The impact was generated by a steel ball of 8 mm diameter, which was 
triggered using a nearby accelerometer.  A single accelerometer was used to collect data from 
thirty-three (33) impact points, separated by 3cm spacing. This gives a total of 99 cm of test 
coverage. This length of test coverage is governed by the desire to monitor only the top few 
layers composed of asphalt and concrete.  More detail on the tests is given elsewhere [5]. At 
the end of the testing, one core sample from each of the three test sections was obtained, and 
the actual thickness was measured to provide ground truth thickness values.  

The Seis_NDT v.10 MASW program was used to process and analyze the multi-channel 
data. The obtained dispersion curve data were confirmed by comparing the high frequency 
asymptote in the dispersion curve to the surface wave velocity value measured directly using 
the one-sided surface wave velocity test, as explained elsewhere [10]. The fundamental Lamb 
wave mode curves, also computed by the Seis_NDT software, were used in the iterative 
analysis. Due to the visco-elastic properties of the HMA material, a reduction in the HMA 
modulus is expected with an increase in the testing temperature.   

3 Experimental Results 

3.1 Velocity estimation 
The high frequency asymptote of the MASW dispersion curve data should tend towards 

the surface wave velocity of the top layer. In some data collection days, a one-sided time-
domain surface wave velocity test was also carried out. Table 1, shows the surface wave 
velocity results for both methods.  
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Table 1.Comparison of one-sided (time domain) method for surface wave velocity estimation and asymptote 

of MASW dispersion curve. 
 

Full Depth  SECTION 2 SECTION 4  
Temperature 

Level  
One-
Sided 

Disp. 
Curve Error 

One-
Sided 

Disp. 
Curve Error 

One-
Sided 

Disp. 
Curve 

MEDIUM N/D N/D   1496 1432 4% 2643 N/A 
MID HIGH 1491 1553 4% 1261 1252 -1% 2633 N/A 

HIGH 1335 1372 3% 897 1252 40% 2620 N/A 
 
Usable dispersion curve data from Section 4 could not be obtained since the high 

frequency (asymptotic) response was not obtained at these temperatures. The one-sided 
velocities in section 4 are higher than in the other sections and decrease relatively little with 
increasing temperature, indicating that the velocity estimate of the thin overlay may be 
compromised by the underlying higher velocity concrete. The surface wave velocity estimates 
for composite section 2 and the full-depth HMA section are accurate in almost all cases, 
although the large error at section 2 for high temperature is likely a result of error in one-
sided velocity measurement. These results follow the expectation and give confidence in the 
experimentally obtained MASW velocity data. 

3.2 Thickness estimation 
The experimental results from composite pavement naturally exhibit dispersion curves 

with separable low frequency (controlled by the full composite structure) and high 
frequency responses (controlled by top). Where separable responses exist, the Lamb 
wave curves (which assume only a single layer) must be fit to one of the responses. 
Figure 3 shows the obtained MASW dispersion curve data from composite pavement 
from section 2 at low temperature conditions. In that figure, the Lamb mode curves are 
fit to the high frequency response assuming a Poisson’s ratio of 0.32 (typical for asphalt 
mixtures), and to the low frequency portion of the same dispersion curve data, assuming 
a Poisson’s ratio of 0.2 (typical of early-age PCC).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.Experimental MASW results from S2 low temperature for dispersion curve 

(top) and summed amplitude spectra (bottom) response sets.  
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These types of analyses were carried out for all three pavement test sections at three 

asphalt temperature levels: low, medium and high. In each case, a range of Poisson’s 
ratios were assumed in the analysis. The estimates for pavement thickness based on 
MASW analysis are evaluated by comparison to core samples drawn from each test 
section. The MASW thickness prediction errors, for the different values of Poisson’s 
ratio, are presented in the following tables. The thickness estimates are obtained by 
fitting the fundamental Lamb wave mode curves to the low frequency portion of the 
dispersion curve data, except when a Poisson’s ratio of 0.32 is assumed; in those cases 
the curves are fit to the high frequency portion of the data.  

 
Table 2. Error of MASW thickness estimates in section 2. Actual thickness obtained from a 

drilled core (272mm)  
 

Error in mm 
 ν 0.2 0.27 0.32* 0.42 

LOW 8 -3 -28 n/a  
MEDIUM -44 -31 -44 0 

HIGH -43 -35 -63 0 
 
 

Table 3. Error of MASW thickness estimates in section 4. Actual thickness obtained from a 
drilled core (188mm) 

 
Error in mm 

 ν 0.2 0.27 0.32* 0.42 
LOW -8 -16 -1 13  

MEDIUM -2 -1 7 7 
HIGH 14 24 36 38 

 
 

Table 4. MASW thickness predictions for full depth section and corresponding error for 
Poisson’s ratio of 0.32. Actual thickness obtained from a drilled core (153mm) 

 

  
Predicted 

thkns (mm) 
Error in 
mm 

Error in 
% 

LOW 167 14 9 
MEDIUM 160 7 5 

HIGH 123 -30 -20 
 
The MASW thickness estimates are inconsistent overall, and depend on appropriate 

selection of the Poisson’s ratio. The thickness estimates show decreasing accuracy as the 
temperature increases. This is in part due to the fact that the measurements usually 
become harder to perform at high temperatures owing to the lossy nature of HMA. 
Nevertheless, the low frequency data can still be used to obtain thickness estimates. 
Furthermore, it appears that a Poisson’s ratio of 0.32 is not a representative value for 
HMA at high temperatures; in the case of high temperatures very high values of 
Poisson’s ratio give the best results. Thus typical assumed values of Poisson’s ratio, for 
example 0.2 for concrete and 0.32 for asphalt, cannot be generalized. For composite 
pavements at low temperatures, the lowest overall errors are given for Poisson’s ratio 
=0.2, which is typical of concrete. For composite pavements at medium temperatures, the 
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lowest overall errors are given for Poisson’s ratio =0.27. The thickness estimates of the 
full-depth HMA section are fairly accurate for low and middle temperatures when a 
Poisson’s ratio of 0.32 is assumed. For higher temperatures, a very high Poisson’s ratio 
(0.42) generally provides better thickness estimates.   It should be recognized that these 
Poisson ratio values may also depend on the age of the asphalt material.  

4 Conclusions  
Both full depth and composite HMA pavements can be characterized using the MASW 

procedure. It appears that the MASW approach provides reasonable top layer wave velocity 
estimates for both composite and full-depth HMA pavements when the high frequency 
portion of the dispersion curve data is used. Thickness estimates are less reliable overall, 
although most accurate estimates are generally obtained for full depth (single layer) HMA 
structures, and least accurate results for pavements at high temperature. Accuracy in the 
thickness estimates using the MASW procedure depends on the assumed value of Poisson’s 
ratio. For composite pavements at low and medium temperatures the fundamental Lamb wave 
mode curves (A0 and S0) should be matched to the low frequency region of the MASW phase 
velocity data and a relatively low Poisson’s ratio (0.2- 0.27) assigned. For high temperatures 
a Poisson’s ratio of 0.42 can be assigned and the Lamb wave modes again matched to the low 
frequency region. For full-depth HMA cases the Lamb wave modes should match all the 
dispersion curve data; the Poisson’s ratio at low and medium temperatures should be 
approximately 0.32. For high temperatures, Poisson’s ratio should be higher than 0.32, 
perhaps approaching 0.4.  
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