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RESEARCH TASK 2011 2012 2013 2014 2015 2016

1.1. Comprehensive literature 

review  and synthesis on past 

and current research

1.2. Experimental plan and 

modeling framew ork

1.3. Implementation and marketing 

plan

1.4. Phase I report

1.5. Conference call w ith panel

1.6. Presentations to relevant 

conferences and symposiums

2.1. Prepare  experimental 

equipment, test structures, and 

instrumentation

2.2. Conduct experiments, 

including material 

characterization and accelerated 

loading

2.3. Conduct modeling

2.4. Development of analysis tool

2.5. Delivery of draft Phase II 

report and analysis tool

2.6. Present to relevant 

conferences and symposiums

2.7. Prepare article, technical 

papers, user manuals, training, 

TAC meeting, and TRB w ebminar
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QUARTERLY PROGRESS REPORT 

QUARTER 20 

The Impact of Wide-Base Tires on Pavement Damage – A National Study 

 

1. Work Performed 

The following tasks were accomplished during this quarter:  

 The final report has been finalized and submitted 

 Domain analysis approach was enhanced to capture the influence of differential 

tire inflation pressure (see appendix A) 

 ICT-Wide Tool was fine-tuned to improve appearance and performance. See 

Appendix B for the final appearance of the tool 

 

2. Work to Be Accomplished in the Next Quarter 

 Address final comments/reviews from the panel regarding the final report 

 

3. Problems Encountered 

 No issues were found in this quarter 
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4. Current and Cumulative Expenditures 

 

 

Figure 1. Project’s expenditure (based on current plan including amendments). 
 

 

5. Planned, Actual, and Cumulative Percentage of Effort 

 

 
Figure 2. Project’s progress (based on current plan including amendments). 
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Appendix A Domain Analysis Enhancement 

 

When NG-WBT is compared to the uniformly inflated DTA and steer tire, a clear distinction 

of the cumulative stress/strain ratio is observed. However, for the case of the differentially 

inflated DTA, the comparison of the zone close to the surface underneath the tires (zone 

2) did not reveal significant difference. There are two main factors for this finding: 

 The domain method averages the high values under the tire carrying more load (or 
with higher inflation pressure) with the low values under the tire carrying less load 
(or with low inflation pressure).  

 The influence of the contact stresses surpasses the designated zone 2 (note that 
this is kept constant for all cases considered) and it may be noticed that the 
distribution extends to zone 5. In contrast to other three cases (WBT, uniformly 
inflated DTA, and steer), zone 5 values tend to zero. 

Consequently, and in order to identify the impact of the two tires, zone 2 was divided into 

two. Defining the nine zones from the figure below provides critical regions where typical 

pavement distresses nucleate or highly impact. For example, zone 2 not only relates to 

near-surface distresses, but it is also highly governed by the distribution of the contact 

stresses.  

 

 
Figure 3. Nine zones are defined for each pavement layer to localize areas with high 

stress magnitudes. 

 

 

The nine zones were then modified by introducing another partition within zones 2 and 5. 

Two cases were considered: i) vertically cut zones 2 and 5 along the middle of the tire 

width to isolate each of the DTA tires; and ii) maintain the aforementioned vertical cut and 

add another partition horizontally along the depth of 3 in. The second case is introduced 

to focus the resolution of the ratios within the top and bottom sections of zone 2. 
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For the first case, the cumulative ratios considered the combination of zones 2 and 5 for 

each tire, wherein one tire has a higher tire inflation pressure than the other. The resulting 

cumulative strain ratios for each zone combination were 1.172 and 0.997. In particular, 

the higher cumulative ratio of 1.172 belonged to the tire with a higher tire inflation 

pressure, which indicated that this individual tire could induce a damage potential of 

17.2% greater than its counterpart from the L12B case. 

 

The new zones were further discretized, as noted in the second case, by adding a 

horizontal cut along 3 in. The intent was to further isolate the near-surface behavior within 

the top section of zone 2 from the bottom; therefore, the resulting ratios included three 

new zones: top and bottom sections within zone 2, and zone 5. 

  

The resulting cumulative ratios revealed a slight difference of up to 1% for both tires. This 

was anticipated as within each of the nine zones, the proposed method effectively 

magnifies the areas with higher shear and normal values using the polar sector weights 

(recall that the closer the stress/strain state to the failure plane, the more it is penalized). 

 

It worth noting that further discretization of the nine zones do not change the cumulative 

ratios significantly. In addition, combining zones 2 and 5 (along with isolating each of the 

tires) not only provided an effective way to isolate the impact of the differential tire inflation 

pressures, but also captured the impact of the higher inflation pressure at a greater depth.  

Therefore, with the proposed domain analysis method: 

 The three-dimensional pavement stress and strain states were effectively 
quantified using a scalar parameter  

 Load cases could be conveniently compared using the scalar parameter in both 
stress and strain domains 

 The nine zone could be effectively related to regions of critical pavement distresses 

 Modifications of the zones captured the influence of differential tire inflation 
pressures. 

 

Finally, it is worth to note that the “Domain Analysis Enhancement” is presented as an 

additional method to evaluate pavement responses. In lieu of using the critical point 

response, the method utilizes stress and strain states in three dimensions that coincides 

with the realistic contact stress input. In addition, the aim of this new method is to quantify 

the damage potential of a load case relative to the reference DTA case using the results 

from finite element modeling. With respect to the ICT-Wide tool, the new analysis method 

has not been implemented and does not impact any of the damage analysis presented in 

the report. 
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Appendix B: Final Appearance of ICT-Wide Tool 

 

Final appearance changes were made on the ICT-Wide tool. Figures 1 and 2 show the 

snapshots of the first draft of final version (0.92) of the tool 

 
Figure 4 - ICT-Wide tool main menu with damage calculation module selected 

 

 
Figure 5 - Pavement damage results window from ICT-Wide tool 


