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Abstract 
Pavement structural condition evaluation plays an important role in assessing rehabilitation needs 
and making prudent investment decisions. Deflection testing serves as the most commonly used 
pavement structural condition evaluation technique. Of late, use of traffic speed deflection devices, 
such as Traffic Speed Deflectometer (TSD), are being considered especially at the network level 
for pavement management applications. For asphalt concrete (AC) pavements, Surface Curvature 
Index computed from TSD measurements (SCITSD), is a widely-used index for assessing the 
structural condition of the AC layers. Since asphalt modulus is temperature sensitive, measured 
deflections and consequently the computed SCITSD are also affected by pavement temperature at 
the time of testing. For consistent pavement evaluation, SCITSD computed across sections and over 
time should be adjusted to a reference temperature.   

This study presents an applied method for adjusting SCITSD to a reference temperature. The 
method was based on a model developed from a dataset built from responses computed with 
dynamic-viscoelastic analyses under TSD moving load in a wide range of pavement properties. 
The method was field evaluated with TSD data from three locations within the US and one location 
each in Europe and Australia. The US locations include the Minnesota Department of 
Transportation’s MnROAD pavement test track facility and one in-service pavement sections each 
in Virginia and Illinois. The results showed that the proposed method can reasonably adjust SCITSD 
to a reference temperature which enables its application in pavement structural assessment and 
subsequent use in pavement management activities.  
 
 
Keywords: Surface curvature index, Temperature adjustment, Viscoelastic analyses, Traffic speed 
deflectometer, Pavement management system 
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Introduction 
Pavement structural evaluation is an important component of in-service pavement assessment that 
highway agencies undertake in determining pavement rehabilitation needs. Vertical surface 
deflections from Falling Wheel Deflectometer (FWD) is the most common structural response that 
provide the inputs for structural analysis of in-service pavements and for the planning of 
maintenance and rehabilitation (M&R) strategies. 
 Deflection basin indices derived from vertical surface deflections are known to be simple 
yet good indicators of pavement structural condition. Their merit in pavement analysis and 
pavement management system applications have been documented in several studies [1-3]. 
Surface Curvature Index (SCI) is one such deflection basin indices that has been shown to be a 
good predictor of horizontal tensile strain at the bottom of the asphalt layer (εt), a critical response 
used to predict asphalt concrete (AC) pavement fatigue performance [3].  

Recently, traffic speed deflection devices (TSDDs), such as Traffic Speed Deflectometer 
(TSD) and Rolling Wheel Deflectometer (RWD), have made pavement structural evaluation 
practical at the network level for pavement management applications [4]. TSDDs, such as TSD, 
are globally gaining importance, as they can measure near continuous surface deflections at traffic 
speed to overcome the limitations of FWD, such as stop-and-go operation, lane closures, and slow 
rate of testing, especially for network level pavement management applications. TSD is equipped 
with Doppler lasers along the midline of rear dual tires (Figure 1a) that measure pavement 
deflection velocities. The TSD device used in this study was equipped with seven Doppler lasers 
- one for reference and others to measure deflection velocities at six locations: 100, 200, 300, 600, 
900 and 1500 mm in front of the rear dual tires (Figure 1a). The surface deflections are then 
computed from measured deflection velocities (Figure 1b) through one of several available 
methods (Figure 1c) [5,6]. SCI computed from TSD measurements referred to hereafter as SCITSD 
is defined as the difference between deflections at the midpoint between dual tires (D0) and at 300 
mm from that point (D300) as shown in Figure 1c. 
 SCITSD was identified as one of the most robust indices to estimate maximum horizontal 
strain at the bottom of the AC layer [4]. Katicha et al [7] categorized pavement structural condition 
at network level into Good, Fair, and Poor using SCITSD. The SCITSD is also a widely-used index 
in Europe for assessing bearing capacity characteristics of pavements at network level with TSD 
data [8, 9]. Baltzer compared SCITSD in different years and showed that it increased year by year 
in a pavement section indicating a decrease in bearing capacity [10]. For the use of SCITSD in 
pavement management activities, the index measured at different temperatures should be adjusted 
to a reference temperature. The objective of this study is to introduce a field validated temperature 
adjustment method for this purpose.  
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Figure 1. (a) Doppler laser location between TSD dual tires used in this study (b) measured 
deflection velocities from TSD sensors (c) computed surface deflections from TSD data 
 
The need for temperature adjustment of SCITSD 
SCITSD is known to characterize the strength of the upper portion of a AC pavement structure [11] 
and, thus, is influenced by asphalt concrete (AC) layer properties such as modulus and thickness. 
To quantify this statement, a database of 15,000 pavement structures was developed through Monte 
Carlo simulation. The details regarding the simulation can be found elsewhere [12]. The dataset 
developed was used to rank the sensitivity of pavement properties (layer modulus and thickness) 
that affect the SCITSD and visualize with a Tornado plot [13]. Figure 2 illustrates the Tornado plot 
using Spearman's rank-order correlation coefficients between SCITSD and pavement properties. 
The rank-order correlation coefficient measures the strength and direction (negative or positive) 
of a relationship between two variables. 

The rank-order correlation coefficient in Figure 2 is calculated as [13]: 
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in which, ∆R is the difference in the ranks between the input and the output values in the same data 
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pair and n is the number of simulations. The effect of the pavement property on the SCITSD is high 
when the absolute value of r is close to one; when the r is close to zero, the effect of the variable 
on SCITSD is minimal. The negative correlation for all pavement properties in Figure 2 indicates 
that an increase in each of the simulated pavement properties reduces the SCITSD.  
 Figure 2 confirms that AC layer thickness (r = -0.76) and modulus (r = -0.44) are the most 
sensitive parameters and have higher influence on SCITSD. From asphalt rheology, the AC modulus 
varies with temperature of the asphalt layer; hence, the variation of SCITSD with modulus can also 
be viewed as its sensitivity to temperature. Base thickness (r = -0.26) and base modulus (r = -0.18) 
have a moderate impact and subgrade properties have negligible effects on SCITSD. In summary, 
this sensitivity analysis shows that AC layer properties are the most effective parameters to be 
accounted in temperature adjustment method. 
     

 
Figure 2. Sensitivity of pavement properties on SCITSD 

 
Review of available temperature adjustment models 
Several models [14- 16] are found in the literature for adjusting SCI measured from FWD to 
reference temperature. Most of these models are based on empirical relationships with locally 
calibrated parameters from a limited set of measured SCI and pavement temperatures. However, 
due to differences in loading configuration (single plate versus dual tires) and mechanism (impact 
versus moving load) between the FWD and TSD, use of these models with TSD data is 
questionable.  
 The authors adopted an interim procedure to address temperature adjustment of SCITSD for 
a recently completed FHWA research study on TSDDs [4]. The model is based on a theoretical 
model that adjusts asphalt concrete modulus and thus hereafter termed as Stiffness Adjustment 
Model (SAM).  
 
The model had been modified from its original version and is briefly described in this section.  

 
The steps for this model are: 

1. Compute tensile strain at the bottom of the asphalt layer from the measured SCITSD  
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    𝜀𝜀 = 𝑎𝑎 (SCITSD)𝑏𝑏                                                                                                                            (2) 
 
where a and b, are model parameters shown in Table 1 that depend on the thickness of AC 
layer. When the thickness is unknown, default values for thin, medium and thick pavements 
are also provided. 

 
2. Compute the AC layer dynamic modulus at the test temperature, Ef, based on the 

calculated strain (Equation 2) using the following equation: 

  𝐸𝐸𝑓𝑓 = 𝑐𝑐×𝜀𝜀𝑑𝑑                                                                                                                                          (3)   
             

where c and d, are model parameters shown in Table 1 that depend on the AC layer 
thickness. When the thickness is unknown, default values for thin, medium and thick 
pavements are also provided. 
 

3. Compute a temperature adjustment factor, Tc, for the AC modulus as follows: 

𝑇𝑇𝑐𝑐 = 𝑒𝑒−0.43𝑇𝑇𝑟𝑟 

𝑒𝑒−0.043𝑇𝑇𝑓𝑓
                                                                                                                                        (4) 

      
where Tr is the reference temperature and Tf is the AC layer mid-depth temperature at the 
time of testing. 

4. Compute the AC modulus, Er, at the selected reference temperature as follows: 

𝐸𝐸𝑟𝑟 =  
𝐸𝐸𝑓𝑓
𝑇𝑇𝑐𝑐

                                                                                                                                       (5) 

 
5. Compute the strain, εr, at the selected reference temperature by rearranging Equation (2) 

as follows: 

𝜀𝜀𝑟𝑟 = �𝐸𝐸𝑓𝑓
𝑐𝑐
�
1
𝑑𝑑                                                                                                                                       (6) 

   
6. Calculate the temperature adjusted SCITSD using the inverse of Equation 1. 

Subsequent field application of the SAM for TSD data collected as part of Transportation Pooled 
Fund Program TPF-5(282) study [17] identified limitations in the SAM, especially when applied 
to thin pavement sections. Thus, further examination and refinement of the temperature adjustment 
model was warranted that led to this study. Firstly, in applying the SAM, the adjustment factors 
were found to be relatively insensitive to AC layer thicknesses, while as discussed earlier, AC layer 
thickness has a significant influence on SCITSD and therefore the adjustment factor is expected to 
be a function of both AC layer thickness and temperature. Secondly, the LEA approach used in the 
development of SAM is not able to properly simulate the dynamic pavement response due to 
moving load, such as TSD loading, and the viscoelastic properties of AC layer. Lastly, SAM 
methodology can be computationally intensive for network level pavement management 
application.  

To overcome the above limitations, a model based on simulation of TSD dynamic 
responses with viscoelastic analyses was developed as detailed in the next section.  
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Table 1. Model parameters for SAM * 

AC Layer Thickness 
SCITSD and maximum tensile 

strain, equation 2  
Strain and AC modulus, 

equation 3 and 6 
a b R2 c d 

76-102 mm  
(3-4 inches) 2.335 0.962 0.82 3.64E+06 -1.27 

102-127 mm 
(4-5 inches) 1.875 1.02 0.9 4.52E+06 -1.36 

127-152 mm 
(5-6 inches) 1.957 1.024 0.95 4.98E+06 -1.44 

152-178 mm 
(6-7 inches) 2.452 0.987 0.97 4.41E+06 -1.46 

178-203 mm 
(7-8 inches) 2.876 0.952 0.97 3.42E+06 -1.46 

203-229 mm 
(8-9 inches) 3.381 0.912 0.97 3.39E+06 -1.51 

229-254 mm 
(9-10 inches) 3.786 0.882 0.96 2.54E+06 -1.49 

254-279 mm 
(10-11 inches) 4.375 0.8373 0.95 2.27E+06 -1.51 

279-305 mm 
(11-12 inches) 4.701 0.8103 0.94 1.99E+06 -1.52 

305-330 mm 
(12-13 inches) 4.905 0.7895 0.94 1.72E+06 -1.53 

330-356 mm 
(13-14 inches) 5.392 0.7479 0.92 1.59E+06 -1.55 

356-381 mm 
(14-15 inches) 5.015 0.7594 0.94 1.11E+06 -1.49 

381- 406 mm 
(15-16 inches) 5.248 0.7285 0.92 1.00E+06 -1.51 

Thin 
76-152 mm  
(3-6 inches) 

 

2.883 
 0.927 0.9 9.65E+05 

 -1.072 

Medium 
152- 229 mm  
(6-9 inches) 

 

3.071 
 0.935 0.97 1.37E+06 

 -1.264 

Thick 
229-406 mm  
(9-16 inches) 

 

4.115 
 0.8412 0.94 2.76E+05 

 -1.076 

 * SCITSD is in μm and AC modulus is in MPa. 
  
Viscoelastic analysis model (VEA Model) 
A practical model was developed based on viscoelastic (VE) simulation of a range of pavement 
structures under TSD loading. In the absence of adequate measured TSD data for a range of 
pavement structures and temperatures to develop an empirical model, viscoelastic simulation of 
TSD loading provided a more comprehensive and realistic dataset for a device specific temperature 
adjustment model. 3D-Move program was chosen for the model development since it can account 
for important factors relevant to this study such as VE characterization of the AC layer and moving 
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load to generate a dynamic response. Fourier transform technique along with frequency-domain 
solutions are adopted in 3D-Move to allow the direct use of the frequency sweep test data of AC 
mixture in the analysis. The program’s predicted responses (stresses, strains, and displacements) 
have been field validated in previous studies [18]. The ability of 3D-Move to simulate the dynamic 
response of pavement under TSD loading was confirmed in the field trials at the MnROAD test 
track [4]. 
 A database of 426 pavement structures was generated from the pavement layer properties 
shown in Table 2. Though, base and subgrade properties have minimal effect on SCITSD, the 
variations of those properties are also considered in the analyses to develop a more complete and 
representative dataset. A non-uniform tire pressure distribution shown in Figure 3 along with tire 
grooves was used in the analyses to simulate the TSD loading configuration. The TSD loading was 
considered as 4080 kg (9 kips) per dual tires. The speed of TSD was set as 48 kph in the analyses, 
however, the performance of the developed model at different speeds was evaluated in the field 
validation. 

 
Figure 3.  Non-uniform contact pressure for the TSD in the analyses 
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Table 2.  Pavement characterizations used in sensitivity analyses 
Corresponding 
Temperature 

(°C) 

Asphalt 
Thickness (mm) 

Base Thickness 
(mm) 

Base 
Modulus 

(MPa) 

Subgrade 
Modulus (MPa) 

0 
10 
20 
30 
40 
50 
 

76 
127 
178 
229 
279 
330 
381 

 

150 
250 
300 
400 
500 
762 
889 
1016 

138 
276 
552 
1380 

34.5 
69 
 

 
 The sensitivity of AC layer dynamic modulus to temperature is a function of AC mix 
properties, including binder type and mix gradation. To account for variability in the effective 
parameters, two sets of AC layer properties were used in the study based on freeze and non-freeze 
climatic regions as defined in Long-Term Pavement Performance (LTPP) study [19].  Data 
collected as part of LTPP’s Specific Pavement Studies (SPS) was utilized to select binder grade 
and aggregate gradation for freeze and non-freeze climatic regions. Table 3 summarizes the AC 
layer mix properties used in analyses. The most common binder grade and aggregate gradation in 
collected LTPP field data were considered as reference properties in analyses. In each climatic 
region, two additional AC mixes (margin 1 and 2 in Table 3) were also considered in the study to 
cover the potential range of binder types used in the corresponding regions.  

Since the 3D-Move program considers loading rate dependent material properties, dynamic 
modulus as a function of frequency, commonly known as AC layer master curve, is a key input 
parameter to the analysis and was generated from the parameters in Table 3 and using AC dynamic 
modulus equation [20].  

 
log 𝐸𝐸∗ = −1.25 + 0.029𝜌𝜌200 − 0.0018(𝜌𝜌200)2 − 0.0028𝜌𝜌4 − 0.058𝑉𝑉𝑎𝑎 − 0.822 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏+𝑉𝑉𝑎𝑎
+

3.872−0.0021𝜌𝜌4+0.003958(𝜌𝜌38)−0.000017(𝜌𝜌38)2+0.0055𝜌𝜌34
1+𝑒𝑒(−0.603313−0.313351 log(𝑓𝑓)−0.393532 log(𝜂𝜂))                                                                                  (7)         

 
where  E* = dynamic modulus of mix,105 psi 

η = viscosity of binder,106 poise 
f = loading frequency, Hz 
ρ200 = % passing #200 (0.075 mm) sieve 
ρ4 = cumulative % retained on #4 (4.76 mm) sieve 
ρ38 = cumulative % retained on 3/8 in. (9.5 mm) sieve 
ρ34 = cumulative % retained on 3/4 in. (19 mm) sieve  
Va = air void, % by volume 
Vbeff = effective binder content, % by volume 
 
The viscosity can be calculated as a function of temperature based on A and VTS viscosity 

temperature susceptibility [21] as follows: 
log log 𝜂𝜂 = 𝐴𝐴 + 𝑉𝑉𝑉𝑉𝑉𝑉. 𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇𝑅𝑅                                                                                                          (8) 
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where  η = the viscosity, cP 

TR= the temperature at which the viscosity is estimated, Rankine 
A = Regression Intercept 
VTS = Regression slope of viscosity temperature susceptibility 

 
Table 3.  Binder grade and material gradation used in sensitivity analyses 

AC Mix Properties Freeze 
Margin 1 

Freeze 
Reference  

Freeze 
Margin 2 

Non - 
Freeze 

Margin 1 

Non - 
Freeze 

Reference  

Non - 
Freeze 

Margin 2 

Performance Grade (PG) 
 

58-34 
 

64-22 
 

 
70-16 

 
58-28 

 
70-22 

 
76-16 

Binder — Regression 
Intercept 10.035 10.98 10.641 11.01 10.299 10.015 

Binder—VTS -3.35 -3.68 -3.548 -3.701 -3.426 -3.315 

Air Voids (Percent) 4 4 4 5.5 5.5 5.5 

Effective Binder Content 
(Percent) 6 6 6 5 5 5 

 

Percent Passing #200 Sieve 4 4 4 4 4 4 

Percent Retained #4 Sieve 49 49 49 50 50 50 

Percent Retained 9.5 mm 
Sieve 28 28 28 23 23 23 

Percent Retained 19 mm 
Sieve 6 6 6 4 4 4 

 
Figure 4 depicts the master curve at different AC layer temperatures corresponding to 

reference AC mix properties of ‘freeze’ climatic region detailed in Table 3. The figure illustrates 
that the temperature has a significant effect on AC modulus. Similar master curves were developed 
for each AC mix in Table 3.  

The input variables shown in Table 2 are sampled based on AC and base layer thickness of 
typical pavement sections to minimize the number of VE analyses. In all, a dataset of 426 pavement 
sections with corresponding SCITSD was developed using VE analyses with TSD loading 
configuration.    
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Figure 4.  Dynamic modulus at different temperatures for reference AC mix of 

‘freeze’ region used in analyses. 
 From Figure 2, the temperature adjustment model should include parameters reflecting AC 
layer thickness and modulus. The temperature sensitivity of the AC modulus arises from the binder 
type used in the AC mix. Lukanen et al. [16] used latitude as a surrogate for binder modulus or 
grade in a temperature adjustment model for SCI from FWD. Similarly, to account for binder grade 
in the proposed VEA model, the PG binder used in analyses were transformed to latitude using 
LTPPBind online program [22] that select PG binder based on the altitude of the location. The 
program recommends PG binder for the specific site based on site temperature condition after 
adjustment for traffic loading and speed. Table 4 shows latitude from LTPPBind corresponding to 
the PG binder used in dataset.  
 
Table 4. Latitudes for binder PG used in analyses  

PG-grade 58-34 64-22 70-16 58-28 70-22 76-16 
Latitude 47.96 47.73 40.93 40.63 43.10 38.56 

 
SCITSD computed from the VE analyses were utilized to develop VEA model in following 

steps: 
 

1. Adjustment factors defined as the ratio of SCIs at a reference temperature (e.g. 25 °C) to 
the SCIs at other temperatures (SCIRef/SCIT) were estimated.   
 

2. An adjustment factor model with functional form inspired by Lukanen et al. [16] was 
defined with the most effective parameters on SCI (AC layer thickness, temperature and 
latitude of test location). The model was then calibrated with calculated adjustment factors 
from the VE analyses (step 1). 

Equation (9) shows the temperature adjustment factor model for SCITSD. It should be noted that 
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proposed equation can be used with any reference temperature.  
 

     𝜆𝜆 = 𝑆𝑆𝑆𝑆𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅
𝑆𝑆𝑆𝑆𝐼𝐼 𝑇𝑇

=
10−0.05014𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅+0.019049𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙(ℎ𝐴𝐴𝐴𝐴)𝑙𝑙𝑙𝑙𝑙𝑙(𝜑𝜑)

10−0.05014𝑇𝑇+0.019049𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(ℎ𝐴𝐴𝐴𝐴)𝑙𝑙𝑙𝑙𝑙𝑙(𝜑𝜑)                                                                       (9) 

where  λ = Temperature adjustment factor 
SCIRef = Adjusted SCITSD at reference temperature  

 TRef = Reference temperature, °C 
 T= Mid-depth AC layer temperature at time of measurement, °C 
 hAC= Asphalt layer thickness, mm 
 Φ = Latitude of location of measurement (within 30 to 50 degrees) 
 

Since the latitudes (as substitute of binder grades) in the database were chosen based on 
LTTPBind recommendation, Equation (9) is only applicable for test locations within the US. 
However, the model can also be extended to test sites outside the US. To assess global application, 
step 2 was repeated excluding latitude of test location and the equation was recalibrated as shown 
in Equation (10). 
 

𝜆𝜆 =
𝑆𝑆𝑆𝑆𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅
𝑆𝑆𝑆𝑆𝐼𝐼 𝑇𝑇

=
10−0.0521𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅+0.0322𝑇𝑇𝑅𝑅𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙(ℎ𝐴𝐴𝐴𝐴)

10−0.0521𝑇𝑇+0.0322𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(ℎ𝐴𝐴𝐴𝐴)                                                                                  (10) 

 
 The base and subgrade properties are not included in the equations since they have minimal 
effect on SCITSD (Figure 2) and also that these properties are generally unavailable at network level 
pavement management systems (PMS). However, as described earlier, the dataset used for model 
development accounts for variations of base and subgrade properties to ensure that the model is 
applicable to range of pavement structures.  
 Figure 5 shows the temperature adjustment factors for various asphalt layer thicknesses 
from the VEA and SAM models. Similar trends were observed for all AC mixes in Table 3. 
However, for brevity, only ‘non-freeze’ region’s reference AC mix is shown in the figure. 
Adjustment factors from SAM are similar in different AC layer thickness whereas VEA adjustment 
factors are sensitive to both temperature (AC layer modulus) and AC layer thickness. Field 
validation of the VEA model with TSD data is detailed in the next section.   
 
Field evaluation of VEA model 
Data from the TSD trials at the MnROAD pavement test track facility [4] and one pavement 
section each in Virginia and Illinois [17] were used to validate the US equation (Equation (9)). 
Repeat TSD testing were conducted over the same pavement sections during morning and 
afternoon within a day or two providing deflection data at two different AC layer temperatures.  
The TSD deflections are averaged and reported over 10-m interval and the SCITSD at the two 
different temperatures are shown in Figure 6. The surface temperatures were measured during data 
collection and the BELLS equation was used to estimate the mid-depth pavement layer 
temperatures [16]. 

Figure 6A shows measured SCITSD at the MnROAD mainline section that consists of 
multiple pavement cells subjected to live traffic as part of Interstate 94 near Albertville, MN. The 
data shown in this figure comprises flexible pavement cells with AC layer thicknesses of 76 and 
127 mm. The TSD trial shown in the figure represents the data collected at a speed of 90 kph and 
dual tire load of 5048 kg (11 kips). The average mid-depth pavement layer temperatures were 25°C 
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and 32°C in the morning and afternoon, respectively. Figure 6B shows measured SCITSD at two 
temperatures (32°C and 39°C) of a flexible pavement section with AC layer thickness of 190 mm 
that is part of US-29 near Altavista, VA. In this location, the average speed of TSD was 82 kph 
with dual tire load of 4082 kg (9000 kips). Finally, measured SCITSD of a pavement section with 
AC layer thickness of 286 mm collected at a section of road in Interstate 57 near Champaign, IL 
at two AC layer temperatures of 22°C and 30°C are shown in Figure 6C. The average TSD speed 
was 93 kph and TSD dual tire load was recorded as 4445 kg (9800 lb).     
 The VEA model (Equation (9)) was used to adjust measured SCITSD at these locations. 
Figure 7 shows adjusted SCITSD from the VEA model. The adjusted SCITSD from morning and 
afternoon measurements show good agreement. The agreement between adjusted SCITSD from 
VEA model were evaluated using paired-t-test for differences in means. This test was selected 
since it considers model error and eliminates the random differences due to equipment error. Test 
statistic for each site was calculated using the following equation considering zero differences 
between adjusted SCITSD’s as the null hypothesis: 
       

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  
𝑋𝑋𝐷𝐷
𝑆𝑆𝐷𝐷
√𝑛𝑛

                                                                                                            (11) 

where 𝑋𝑋𝐷𝐷 is average of differences between adjusted SCITSD, 𝑆𝑆𝐷𝐷 is standard deviation of those 
differences and n is number of measurements.  

 The values of t critical are selected at 99.9% confidence of interval and number of paired 
measurements. Test statistic and t critical for all locations are shown in Figure 7 and in all cases, 
the test statistic is less than the critical value indicating non-rejection of the null hypothesis. 
Consequently, it can be concluded that the VEA model successfully adjusted the SCITSD 
measurements at different temperatures in different pavement structures and vehicle speed.   
In addition, the data from MnROAD mainline was used to verify the accuracy of the VEA model. 
In this pavement section, the SCITSD measured in the morning can be considered as reference since 
the measurement was taken close to 25°C. The close agreement between adjusted SCITSD measured 
in the afternoon with the measured SCITSD in the morning in Figure 7a verifies the accuracy of 
VEA model. 
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Figure 5.  Comparison of adjustment factors computed from SAM and VEA models 

in various asphalt layer thickness using non-freeze reference material properties. 
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Figure 6. Measured SCITSD at two temperatures at (A) MnROAD facility Interstate 94 near 
Albertville, MN (B) US-29 near Altavista, VA and (C) Interstate 57 near Champaign, IL  
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Figure 7. Adjusted SCITSD for temperature from TSD using VEA model at (A) MnROAD 
facility Interstate 94 near Albertville, MN (B) US-29 near Altavista, VA and (C) Interstate 57 
near Champaign, IL  
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TSD data collected in sections pavements in Europe and Australia were used to evaluate 
the proposed equation for temperature adjustment factor for SCITSD outside of US (Equation (10)). 
As shown in Figure 8, the model effectively adjusted SCITSD to a reference temperature for the 
dataset collected at a pavement section at Europe.  
 

 
Figure 8. (A)Measured SCITSD in two temperatures in a pavement section at Europe (B) 
adjusted SCITSD using VEA model  
 
The VEA model was also used to adjust SCIs from TSD data collected along Deception Bay Road, 
Queensland, in Australia. Figure 9 shows measured and temperature adjusted SCIs at this location. 
As shown in the figure, the model provides reasonable performance to adjust measured SCIs to a 
reference temperature. 
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Figure 9. (A) Measured SCITSD in two temperatures along Deception Bay Road in Australia 
(B) adjusted SCITSD using VEA model  
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Conclusion 
Traffic speed deflection devices, such as TSD, are increasingly becoming effective and practical 
tools for structural evaluation of in-service pavements, especially for network level pavement 
management applications. SCITSD is globally used as an indicator of structural condition of bound 
layers of flexible pavement structures and to estimate remaining structural capacity. Knowledge 
of remaining and required structural life would help pavement engineers in determining the right 
time for rehabilitation treatments. Since asphalt materials are sensitive to temperature, measured 
SCITSD is highly affected by pavement temperature at the time of data collection. A pertinent 
temperature adjustment model would enable the use of SCITSD to track pavement structural 
performance over time and across sections.  
 A parametric sensitivity analysis revealed that asphalt layer properties (thickness and 
temperatures) are the most sensitive parameters affective SCITSD. VE analyses were performed on 
a range of asphalt layer temperatures and pavement layer properties to develop a robust dataset of 
dynamic pavement responses under TSD moving load. The dataset was then used to develop a 
temperature adjustment model for SCITSD called VEA model. The VEA model accounts for all 
sensitive parameters including asphalt layer thickness, temperatures (or modulus) and binder type. 
The VEA model was successfully field validated with TSD data collected in three locations within 
the US - MnROAD pavement test track facility and one in-service pavement section each in 
Virginia and Illinois – and two locations outside the US, one location each in Europe and Australia. 
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