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Research Summary 
Rating and Inventory of TDOT Retaining Walls 

 

WHAT WAS THE RESEARCH NEED? 
Currently, there are no formal standard 
frameworks/procedures available for inventorying and 
rating retaining walls. Existing retaining wall 
management programs often differ significantly in 
terms of characteristics coverage, condition rating 
techniques, data collection methods, and database 
components. While considerable effort from the 
Tennessee Department of Transportation (TDOT) has 
been spent on the quality management of the State 

Route System of Tennessee, with almost 14,150 miles of 
roadways, the agency lacked a system for tallying and 
rating of retaining wall components which can be principal 
contributors of safety and accessibility of roadway 
systems. As a result, the condition, performance, reliability, 
and other information related to these structures is largely 
unknown.  

WHAT WERE THE RESEARCH OBJECTIVES? 
The objectives of the research project included:  
• Establish a GIS-based mapping system, showing 

locations and attributes for retaining walls. 
• Provide an Analytic Hierarchy Process (AHP) two-part 

weighted condition rating system for retaining walls 
considering key characteristics. 

• Develop Markov-Chain based structure deterioration 
model to estimate service life and dynamic condition 
of retaining wall systems. 

• Conduct action cost analysis of retaining wall 
systems. 
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• Build a comprehensive searchable ArcGIS inventory of TDOT retaining walls including key 
parameters, e.g., location, dimensions, condition, risk, and estimated cost of actions (e.g., 
replace, repair). 

WHAT WAS THE RESEARCH APPROACH? 
This research proposed an AHP-Markov chain integrated method for retaining wall condition 
rating and service life prediction. The method started with defining specific criteria for rating all 
the components of retaining walls. After evaluation criteria were defined, field data were 
collected in the form of images and videos with the assistance of a drone. Based on field data, 
the condition rating scores for different retaining wall elements were assigned by civil engineers. 
By AHP, pairwise comparisons of retaining wall elements and their sub-elements were performed 
and the relevant weights were derived. An overall condition rating score for the entire wall was 
finally obtained by weighted aggregation. The obtained condition is then used as the initial 
condition for Markov chain modeling. Both future condition and service life can be predicted by 
applying Markov chain. The research team also performed risk management and maintenance 
cost estimation following the risk-based cost estimation method. 

WHAT WERE THE FINDINGS? 
The following is a short summary of the findings informed by this research. 
• Analytic Hierarchy Process - Markov method can be used to evaluate the overall condition 

rating and predict service life of retaining wall. 
• The condition rating scores for the retaining walls surveyed in this research can contribute 

to the future nationwide retaining wall condition database (see table A.4 in the final report). 
• It is beneficial to use unmanned aerial vehicles to assist retaining wall data collection.  

IMPLEMENTATION AT TDOT 
The UTC research team recommends:  
• TDOT engineers conduct an in-house evaluation of the data collection form proposed in 

this research, as well as the key items to be included in the ArcGIS inventory database. 
• It is necessary to perform additional nondestructive in-situ condition assessment using 

thermal camera, ultrasound or ground-penetrating radar for a retaining wall that is 
identified as in severe condition. 

• The relative score assigned to retaining wall components used for AHP weighting should be 
assessed by experienced engineers. 

• Lastly, the University of Tennessee at Chattanooga research team recommends refining the 
initial inventory developed in this research, performing routine inspection cycle for 
individual retaining walls. 

MORE INFORMATION 
Find the final report here: https://www.tn.gov/content/dam/tn/tdot/long-range-

planning/research/final-reports/res2019-final-reports/RES2019-08_Final_Report_Approved.pdf. 
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