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Basic Design Concepts - 1 

 TxDOT uses a rudimentary mechanistic-empirical design procedure 

where materials are characterized by their modulus and Poisson’s 

ratio at a design temperature of 77F. 

– Current version of design software is FPS 21 

– Traffic Loading in terms of cumulative 18-kip ESALs 

– No environmental inputs 

– Performance equation tied to deterioration in SI, initial deflection 

index and cumulative traffic loading. 
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Basic Design Concepts - 2 

 The layer modulus is preferably acquired by back-calculation using 

measured deflections. 

– 9,000-lb dynamic load is imparted to the pavement surface to 

simulate truck wheel load (one-half of a standard 18kip axle) 

– MODULUS 6.1 is used to perform back-calculation 

– Average pavement layer thicknesses must be measured/assumed. 
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The Falling Weight Deflectometer (FWD) 
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Pavement Modeling (Elastic Layer Theory) 
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Evaluate Existing Material Properties 

 Other Non-destructive tests 

– GPR 

– DCP 

 Field Samples: 

– Coring 

– Auguring/Spot Milling 

– Lab Tests (AC content, gradations, stabilization series, mix design) 
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MODULUS 6.1 Structural Evaluation of Existing Pavement 
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MODULUS Remaining Life 
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Remaining Life Utility 

 Use non-backcalculated indices to: 

– Make rough estimates of remaining life in terms of fatigue cracking and 

full-depth rutting 

• Need estimate of current distress 

• 20-year cumulative ESALs 

– Locate problematic layers 

 A screening tool to determine level of rehabilitative effort 
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MODULUS Backcalculation 
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Backcalculation Process 
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FPS 21 
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Backcalculation Limitations 

 Layer Thickness at least 3.0-in 

 4-layer maximum limitation 

– Mathematical process: results may not always reflect reality 

– 4-layer solutions are often unreliable (high variability) 

 Can not differentiate between similar layers adjacent/bonded 

together 

– Layer consolidation to determine “composite” modulus 
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Pavement Design Using FPS 21 
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FPS 21 Inputs Affecting Thickness Requirements 

 Length of Performance Period  

– Typically use staged construction 

 Confidence/Reliability Level 

 Change in Serviceability Index 

 Cumulative Traffic Loading 

 Layer Modulus/Allowable Thickness 
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FPS 21 Design Parameters That Affect Thickness 
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FPS 21 Materials Table and Design Type Selection  
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FPS 21 Design Types 
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FPS 21 Post Design Checks 

 Modified Texas Triaxial Check 

– Evaluate subgrade shear failure under single heavy wheel load 

– Design parameters are: 

• ATHWLD 

• Subgrade Texas Triaxial Class 

 ME Checks for Full-depth Rutting and Fatigue Cracking 

– Various models, but all are very rudimentary 

• Linear Elastic Layer Theory 

• Not material specific 

– All based on # passes 18-kip axle load 
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The Modified Texas Triaxial Check 
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FPS 21 ME Checks 
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FPS 21 Design of Pavements Incorporating HIR  

 The HIR process would typically be considered a “Pavement 

Preservation” technique –  

– Not a candidate for “structural design process” 

– However, typical design philosophy should still be used to 

determine whether the structure has adequate remaining life to 

consider PP viability. 

• Remaining Life Good or Very Good  

• Uniformity/composition of surface material 

– Use “Structural Overlay” design (Type 6) option and assign a design 

modulus to HIR layer (500 ksi unless better information available) 
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FPS Design of Pavements Incorporating CIR  

 Design Modulus? 

– Limited experience with product in Texas 

– One job from the early 90’s on US 62 (Lubbock District) showed that a 

temperature corrected (77F) modulus was on the order of 150ksi 

– Uniformity/composition of bituminous material 

 Use either a Type 4 Design format: 

– ACP surface/ST 

– CIR layer 

– Flex Base 

– Subgrade  

 . . . or Type 7 (User Defined) format. 
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FPS 21 User Defined Design Format 
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FPS Design of Pavements Incorporating FDR  

 Design Modulus? 

– Experience shows highly variable, depending on: 

• Parent material & uniformity 

• Stabilizing Agent 

• Environment 

• Sophistication of Reclaimers 

 Use either a Type 3 Design Format 

– ACP surface 

– Reclaimed/Stab. Base 

– Subgrade 

 . . . or Type 7 (User Defined), if 4 or more layers involved. 
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End Product In-place Variability 
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Stabilization Variability 
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Conventional Reclaimer – Emulsion  

Reclaimers 
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Issues and Gaps in Knowledge 

 Better assessment of candidate jobs 

 Better uniformity of construction 

 Urgent need to move to a more mechanistic design procedure. 

– Need better materials characterization 

– Need to incorporate climate effects 

– Need to account for traffic loading in terms of load spectra 

 TxDOT not likely to adopt AASHTO Pavement ME 

– 2006/2007 TxDOT Research Study  

 TxDOT Research Program evaluating TxME 

– Hope to have limited implementation project approved in FY 15 
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TxME 
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Questions? 

I  DON’T 
GET  IT 


