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This document is disseminated under the sponsorship of the Idaho Transportation Department and the 
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Except for the Foreword, the contents of this report reflect the view of the authors, who are responsible 
for the facts and accuracy of the data presented herein. The contents do not necessarily reflect the 
official policies of the Idaho Transportation Department or the United States Department of 
Transportation. 

The state of Idaho and the United States Government do not endorse products or manufacturers. 
Trademarks or manufacturers’ names appear herein only because they are considered essential to the 
object of this document. 

This report does not constitute a standard, specification, or regulation. 

  



 

Statistical Analysis of 2018 HMA Production Data 3 
 

Technical Report Documentation Page 

1.  Report No. 275 

FHWA-ID-21-275 

2.  Government Accession No. 

 

3.  Recipient’s Catalog No. 

 

4.  Title and Subtitle 

Statistical Analysis of 2018 HMA Production and Construction Data to Improve 

Quality Assurance and Acceptance Practices in Idaho 

Statistical Analysis of HMA Production Data 

5. Publish Date 

July 2021 

6.  Performing Organization Code 

 

7.  Author(s)  

Mojtaba Sadegh, https://orcid.org/0000-0003-1775-5445  

Deb Mishra, https://orcid.org/0000-0003-2354-1312  

Mostofa Najmus Sakib, 

Arash Modaresi Rad, https://orcid.org/0000-0002-6030-7923  

8.  Performing Organization Report No. 

 

9.  Performing Organization Name and Address 

Boise State University 

1910 W University Dr, Boise, ID, US, 83725 

 

Oklahoma State University 

248 Engineering North, Stillwater, OK, US, 74078 

10.  Work Unit No.  (TRAIS) 

 

11.  Contract or Grant No. 

BSU-18-03 

12.  Sponsoring Agency Name and Address 

Idaho Transportation Department (SPR) 
Highways Construction and Operations, Contracting Services, Research 
Program   
PO Box 7129 

Boise, ID  83707-7129 

13.  Type of Report and Period Covered 

[Final or Interim] Report 

[07/01/2018 – 06/30/2021] 

14.  Sponsoring Agency Code 

RP-275 

15.  Supplementary Notes 

Research project performed in cooperation with the Idaho Transportation Department and the Federal Highway 

Administration. 

16.  Abstract 

Quality assurance procedure is adopted to ensure hot mix asphalts meet design performance. Robustness of QA reports, 

however, were challenged during 2017 and 2018 data reviews conducted on projects constructed over several previous 

years by the Idaho Transportation Department (ITD) and the Federal Highway Administration (FHWA). To further investigate 

the sources of discrepancies and unnatural trends between material testing reports produced by the prime contractors, 

third-party contractors, as well as ITD in HMA projects, this research study analyzed an audit trail dataset of submitted 

material testing results. The audit trail dataset showed multiple spreadsheet cell corrections before the final submitted test 

results. This research project analyzed this audit trail data, and categorized instances of multiple data corrections for certain 

parameters as Plausible Correction (P.C.) and Unexplained Corrections (U.C.). P.C. cases are those that can be attributed to 

typographical-type mistakes, and U.C. cases are those that cannot be simply explained as such. Results show that all 15 

projects from year 2018 for which audit data was available contained data corrections that accumulated to several hundred 

instances of U.C., acknowledging that both the prime contractors and ITD reported data may be produced by third-party 

contractors hired by either party to act on their behalf. Further, the project analyzed the financial repercussions of U.C. cases 

from the prime contractors, third-party contractors, and ITD, which proved that an absolute majority of projects (i.e., 12 of 

the 15 projects that had enough audit trail data for financial analysis) indicated overpayments to the prime contractors due 

to U.C. cases. This research study highlights the importance of a rigorous oversight protocol for acceptance testing to be 

implemented by state and local highway agencies. Since 2018, ITD has ended its use of QC results for acceptance and 

payment, and has implemented several new policies in materials testing, specifications, and training to help eliminate 

https://orcid.org/0000-0003-1775-5445
https://orcid.org/0000-0003-2354-1312
https://orcid.org/0000-0002-6030-7923


 

Statistical Analysis of 2018 HMA Production Data 4 
 

instances of P.C. and U.C. and to ensure higher accuracy in reporting results from all parties conducting material acceptance 

testing.  

17.  Key Words 

Hot Mix Asphalt, Quality Control, Quality Assurance, Monetary 

Analysis, Data Reporting, Sensitivity Analysis  

18.  Distribution Statement 

Copies available from the ITD Research Program 

19.  Security Classification (of this 

report) 

Unclassified 

20. Security Classification (of this page) 

Unclassified 

21.  No. of Pages 

198 

22.  Price 

None 

 

  

https://itd.idaho.gov/alt-programs/?target=research-program


 

Statistical Analysis of 2018 HMA Production Data 5 
 

Acknowledgments 

This study was sponsored by the Idaho Transportation Department (ITD) and FHWA. The authors would 

like to acknowledge the financial and technical support of these organizations. Several individuals from 

ITD contributed significantly towards ensuring successful completion of this research project; some of 

these individuals served officially as on the project Technical Advisory Committee (TAC), whereas others 

helped with the research work even though they were not officially a part of the study. Names of the 

TAC committee members are listed in the next section. In this section, the authors have attempted to 

list those individuals who volunteered their time to ensure success of this project; any omission is purely 

accidental. The authors greatly acknowledge the contributions of Jason Henscheid and Heather Miley of 

ITD, and Aisan Ranjbar Moshfeghi of Oklahoma State University.  

Technical Advisory Committee 

Each research project is overseen by a Technical Advisory Committee (TAC), which is led by an ITD 

project sponsor and project manager. The TAC is responsible for monitoring project progress, reviewing 

deliverables, ensuring that study objectives are met, and facilitating implementation of research 

recommendations, as appropriate. ITD’s Research Program Manager appreciates the work of the 

following TAC members in guiding this research study. 

 

Project Sponsor - John P. Bilderback, P.E. 

Project Manager - Mike Copeland 

 

TAC Members  

Mike Santi, P.E. (retired) 

Dan Harelson, P.E. (retired) 

John Arambarri, P.E. 

Eric Kokernak, P.E. 

Steve Taylor 

 

FHWA-Idaho Advisor - Kyle P. Holman, P.E. 

 

  



 

Statistical Analysis of 2018 HMA Production Data 6 
 

Table of Contents 

Foreword by the Idaho Transportation Department .................................................................................. 18 

Executive Summary ..................................................................................................................................... 26 

1. Introduction .......................................................................................................................................... 29 

QC/QA Practices in the Asphalt Paving Industry .................................................................................. 30 

Project Background and Justification ................................................................................................... 30 

Evidence of Correction in HMA QC/QA Data .................................................................................... 31 

Report Organization ............................................................................................................................. 31 

2. Literature Review ................................................................................................................................. 34 

Introduction .......................................................................................................................................... 34 

Pay Factor (PF) ...................................................................................................................................... 35 

Percent Within Limits (PWL) Specifications ......................................................................................... 37 

Chronology of QC/QA in the US ........................................................................................................... 38 

Chronology of QC/QA in Idaho ............................................................................................................. 40 

Data Correction .................................................................................................................................... 42 

Findings from National and State-Wide Survey ................................................................................... 44 

Questionnaire Results .......................................................................................................................... 44 

Discussions about ITD results and perception of ITD engineers .......................................................... 63 

3. Prevalence of Data Changes in ITD HMA Paving Projects .................................................................... 66 

Introduction .......................................................................................................................................... 66 

Objectives ............................................................................................................................................. 66 

Audit Trail Data and Correction Monitoring ......................................................................................... 67 

Quality Assurance Audit Trail Data ................................................................................................... 67 

Plausible Corrections, P.C. .................................................................................................................... 71 

Unexplained Corrections, U.C. ............................................................................................................. 75 

Uncertain Cases .................................................................................................................................... 77 

Impact of Time Stamp ....................................................................................................................... 78 

Categorization of Repeated Entries to P.C./U.C. Using Logic-Based Algorithms ................................. 79 

Results: P.C. vs. U.C. for Entities 1 and 2 .............................................................................................. 82 



 

Statistical Analysis of 2018 HMA Production Data 7 
 

P.C./U.C. Classification ...................................................................................................................... 82 

Summary............................................................................................................................................... 86 

4. Analyzing the Financial Impact of Unexplained Corrections ................................................................ 88 

Introduction .......................................................................................................................................... 88 

Objectives ............................................................................................................................................. 88 

Monetary Calculation ........................................................................................................................... 89 

Lot Grouping ..................................................................................................................................... 90 

Test Statistics .................................................................................................................................... 91 

Percent Within Limits (PWL) ............................................................................................................. 91 

Formation of Input Data for Monetary Calculation ............................................................................. 92 

Unavailability of Audit Trail Files ....................................................................................................... 97 

Test and Lot Information ................................................................................................................ 104 

Parameter Values for Missing Tests ................................................................................................ 105 

Removing Unreasonable Parameter Values ................................................................................... 105 

Lot Grouping Changes ..................................................................................................................... 109 

Results of Monetary Analysis ............................................................................................................. 110 

Acceptance Check ........................................................................................................................... 114 

Relationship between U.C. Instances and Payment ....................................................................... 119 

Summary............................................................................................................................................. 124 

5. Sensitivity Analysis of HMA Test Parameters ..................................................................................... 126 

Introduction ........................................................................................................................................ 126 

Sensitivity Analysis Method ................................................................................................................ 126 

Results ................................................................................................................................................ 127 

Summary and Conclusions ................................................................................................................. 131 

6. Summary, Conclusions, and Recommendations for Future Research ............................................... 134 

Recommendations for the Future ...................................................................................................... 136 

7. Cited Works ........................................................................................................................................ 138 

Appendix A. 2018 FHWA report ................................................................................................................ 146 

Appendix B. Federal Highway Administration Memorandum on Electronic Security Issues ................... 159 

Appendix C.  Idaho Transportation Department Form 0777 .................................................................... 161 



 

Statistical Analysis of 2018 HMA Production Data 8 
 

Appendix D. Survey Questionnaire ........................................................................................................... 163 

Questionnaire ..................................................................................................................................... 163 

Appendix E. Sensitivity Analysis Results ................................................................................................... 170 

 

  



 

Statistical Analysis of 2018 HMA Production Data 9 
 

List of Tables 

Table 3.1 Material Testing Parameters and Their Impacts on Pay Factor Related Parameters ................. 70 

Table 3.2 Material Testing Parameters (Density) and Their Impacts on Pay Factor Related Parameters .. 70 

Table 3.3 Total Number of Material Testing Parameters ........................................................................... 71 

Table 3.4 Unique and Total Number of Material Testing Parameter Changes ........................................... 84 

Table 4.1 Calculated Payments for First and Last U.C. Parameter Values, and the Formally Paid Amount 

for Each Project. Table Also Enlists Statistics of Total Number of Lots and Available Audit Trail Files from 

the Entity 1 and Entity 2 Reports .............................................................................................................. 117 

Table 4.2 Summary of Acceptance/Rejection and Stop Production for PWL Analysis for Each Project .. 118 

Table 4.3 Summary of Payment Change, and Number of Unique U.C. Parameters Involved for Each 

Project ....................................................................................................................................................... 119 

Table 5.1 Descriptive statistics of mix design properties in response to changes in input parameters... 132 

  



 

Statistical Analysis of 2018 HMA Production Data 10 
 

List of Figures 

Figure 2.1 Relationship between QC/QA components ............................................................................... 36 

Figure 2.2. Workflow of Statistically-Based QA Specifications ................................................................... 39 

Figure 2.3. Data Correction on a Paper Data Reporting Sheet ................................................................... 43 

Figure 2.4 Work experience of survey participants with asphalt pavements ............................................ 45 

Figure 2.5 Implementation of procedures to compare actual service life of asphalt pavements against 

the original design life ................................................................................................................................. 46 

Figure 2.6 Answers to whether or not asphalt pavements generally meet the original design life ........... 47 

Figure 2.7 Type of discrepancies observed between the design life and service life of asphalt pavements

 .................................................................................................................................................................... 48 

Figure 2.8 Cause for this discrepancy between the design life and the service life of asphalt pavements 49 

Figure 2.9 Party performing the acceptance testing during the asphalt material production and paving 49 

Figure 2.10 Whether or not contractor QC data is used to determine contractor payment during the 

construction of asphalt pavements ............................................................................................................ 50 

Figure 2.11 Whether or not employees ever detected that the mix design and volumetric testing data 

reported prior to and during construction might not be representative of the actual material used in 

paving .......................................................................................................................................................... 51 

Figure 2.12 Basis for misrepresentation observed in Q11 .......................................................................... 52 

Figure 2.13 Measures adopted to ensure the accuracy of mix design and volumetric testing data.......... 53 

Figure 2.14 Whether or not agency attempted to detect / investigate potential manipulation of mix 

design and material testing data ................................................................................................................ 54 

Figure 2.15 Most likely parameters to be altered in reported mix design and material testing data ....... 55 

Figure 2.16 Reasons that employees think might explain possible alteration of mix design and volumetric 

testing data ................................................................................................................................................. 56 

Figure 2.17 Whether or not agencies have structured ethical frameworks and provide training to ensure 

employee comprehension and facilitate compliance ................................................................................. 57 

Figure 2.18 Answers to whether these ethical frameworks apply specifically to material testing or not . 58 

Figure 2.19 Parties to whom employees report the observed ethical violation in material testing .......... 59 

Figure 2.20 Reasons for not making a report of ethical violations ............................................................. 60 

Figure 2.21 Whether or not reported employees’ concerns were taken seriously .................................... 61 

Figure 2.22 Parties receptive to employee concerns ................................................................................. 62 

Figure 2.23 Answers to what employees think of how data alternation occurs ........................................ 63 

Figure 3.1 Audit trail file to record material testing data ........................................................................... 68 

Figure 3.2 Screenshot of the audit trail file showing data corrections in the spreadsheet ........................ 69 

Figure 3.3 Plausible correction (case 1) ...................................................................................................... 71 

Figure 3.4 Plausible correction (case 1)—example ..................................................................................... 72 

Figure 3.5. Plausible correction (case 2)—example .................................................................................... 73 

Figure 3.6 Plausible correction (case 3)—example ..................................................................................... 73 

Figure 3.7 Plausible correction (case 4)—example ..................................................................................... 73 



 

Statistical Analysis of 2018 HMA Production Data 11 
 

Figure 3.8 Plausible correction (case 5)—example ..................................................................................... 73 

Figure 3.9 Look-wise case of plausible correction ...................................................................................... 74 

Figure 3.10 Plausible correction (case 6)—example ................................................................................... 74 

Figure 3.11 Plausible correction (case 6)—example ................................................................................... 75 

Figure 3.12 Plausible correction (case 7)—example ................................................................................... 75 

Figure 3.13 Unexplained correction (case 1)—example ............................................................................. 76 

Figure 3.14 Unexplained correction (case 2)—example ............................................................................. 76 

Figure 3.15 Unexplained correction (case 3)—example ............................................................................. 76 

Figure 3.16 Unexplained correction (case 4)—example ............................................................................. 77 

Figure 3.17 Plausible correction /unexplained correction (case 1)—example ........................................... 77 

Figure 3.18 Plausible correction relationship with time—example 1 ........................................................ 78 

Figure 3.19 Plausible correction relationship with time—example 2 ........................................................ 78 

Figure 3.20 Unexplained correction relationship with time—example 1 ................................................... 78 

Figure 3.21 Unexplained correction relationship with time—example 2 ................................................... 79 

Figure 3.22 Repeated data entry (third column) of pay affecting parameters (second column; e.g. $U$32) 

for tests in a project (first column; e.g. test (17)). Time of data entry is presented in column 4. ............. 80 

Figure 3.23 Separation of cells based on parameter name ........................................................................ 80 

Figure 3.24 Separation of cells based on test/sample ................................................................................ 81 

Figure 3.25 Methodology for plausible correction/unexplained correction categorization ...................... 81 

Figure 3.26 Number of occurrences of P.C./U.C. for project #1 ................................................................. 83 

Figure 3.27 Number of occurrences of P.C./U.C. for project #4 ................................................................. 85 

Figure 3.28 Number of occurrences of P.C./U.C. for project #7 ................................................................. 85 

Figure 3.29 Number of occurrences of P.C./U.C. for project #9 ................................................................. 86 

Figure 4.1 Typical data input file for asphalt pavement projects ............................................................... 90 

Figure 4.2 Lot evaluation range for payment calculation ........................................................................... 91 

Figure 4.3 Sample classified plausible correction (P.C.) and unexplained correction (U.C.) data .............. 93 

Figure 4.4 Input dataset for monetary calculation: rows show test number and columns represent 

parameter values associated with each test .............................................................................................. 93 

Figure 4.5 Empty cell for some parameters ................................................................................................ 94 

Figure 4.6 Effect of empty/NaN cells on calculated payment-related parameters .................................... 95 

Figure 4.7 Calculated Air Voids (column 2) and VMA (column 3) for an example project ......................... 96 

Figure 4.8 Calculation of air voids and VMA through ITD-0777 file ........................................................... 97 

Figure 4.9 Total number of tests done for an example project (a) Test numbers 1-53 (b) Test numbers 

54-101 (project 1) ....................................................................................................................................... 98 

Figure 4.10 Available tests in the audit trail file for an example project .................................................... 99 

Figure 4.11 Calculated negative air voids value ........................................................................................ 100 

Figure 4.12 Calculated negative air voids value due to unreasonably small primary parameter ............ 101 

Figure 4.13 Calculated unreasonable air voids and VMA values from unreasonably small input............ 101 

Figure 4.14 Calculated unreasonable air voids and VMA value from a large input value ........................ 102 

Figure 4.15 Calculated negative air voids value due to similar values inserted for adjacent cells ........... 103 



 

Statistical Analysis of 2018 HMA Production Data 12 
 

Figure 4.16 Calculated negative air voids value due to “mass of bowl and sample” being less than “mass 

of bowl” ..................................................................................................................................................... 104 

Figure 4.17 Lot and test information for a test project ............................................................................ 105 

Figure 4.18 Lower and upper limit value for parameters ......................................................................... 106 

Figure 4.19 Unreasonable calculated air voids and VMA with seemingly reasonable primary parameter 

values ........................................................................................................................................................ 107 

Figure 4.20 Unreasonable calculated air voids and VMA with seemingly reasonable primary parameter 

values ........................................................................................................................................................ 108 

Figure 4.21 Unreasonable calculated air voids and VMA with seemingly reasonable primary parameter 

values ........................................................................................................................................................ 109 

Figure 4.22 An example case of lot calculated parameters failing the statistical tests ............................ 110 

Figure 4.23 Number of unique P.C./U.C. parameter changes for each lot and each parameter type for the 

Entity 1-reported data for project #1 ....................................................................................................... 111 

Figure 4.24 Number of unique P.C/U.C. parameters for Entity 2 tests for project #1 ............................. 112 

Figure 4.25 Precision criterion not satisfied for an example project ........................................................ 113 

Figure 4.26 Precision criterion for each test of project #1 (upper: entity 1, lower: Entity 2). Green shows 

pass and red represents fail. ..................................................................................................................... 114 

Figure 4.27 Acceptance check for payment related parameters ............................................................. 115 

Figure 4.28 Lot-wise acceptance/rejection/stop production according to PWL for project #1 ............... 115 

Figure 4.29 Lot-wise payment for project #1. Green bars show payment based on the first U.C. 

parameter values, red bars present payment based on last U.C. parameter values, and yellow bars show 

the actual payment formally made. E1 and E2 represent Entity 1 and Entity 2, respectively. ................ 116 

Figure 4.30 Lot-wise calculated air voids/VMA/mainline density parameters based on first U.C. and final 

reported parameter values (project #7) ................................................................................................... 120 

Figure 4.31 Formation of lot group (project #7) ....................................................................................... 121 

Figure 4.32 Selection of Entity 1/Entity 2 test result based on F and t tests (project #7) ........................ 122 

Figure 4.33 Calculation of unweighted pay factor (project #7) ................................................................ 123 

Figure 4.34 Calculation of PWL and monetary value (project #7) ............................................................ 124 

Figure 5.1 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) with 

respect to changes in mass of bowl sample increment 1. ........................................................................ 128 

Figure 5.2 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) with 

respect to changes in ignition furnace correction factor. ........................................................................ 129 

Figure 5.3 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) with 

respect to changes in mass of puck dry specimen 1. ................................................................................ 130 

Figure 5.4 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) with 

respect to changes in chamber set point. ................................................................................................. 131 

Figure 1. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in calibration factor. .................................................................................................. 170 

Figure 2. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in combined Gb. ........................................................................................................ 171 



 

Statistical Analysis of 2018 HMA Production Data 13 
 

Figure 3. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in combined Gsa. ....................................................................................................... 171 

Figure 4. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in combined Gsb. ....................................................................................................... 172 

Figure 5. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in elapsed time. ......................................................................................................... 172 

Figure 6. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in LSL DP..................................................................................................................... 173 

Figure 7. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in LSL P200. ................................................................................................................ 173 

Figure 8. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in LSL Pa. .................................................................................................................... 174 

Figure 9. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in LSL VFA. .................................................................................................................. 174 

Figure 10. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in LSL VMA. ................................................................................................................ 175 

Figure 11. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass basket assembly & final aggregate. .............................................................. 175 

Figure 12. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass basket assembly & initial sample. ................................................................ 176 

Figure 13. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass basket assembly. .......................................................................................... 176 

Figure 14. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of bowl increment 2. .................................................................................... 177 

Figure 15. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of bowl sample increment 1. ........................................................................ 177 

Figure 16. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of bowl sample increment 2. ........................................................................ 178 

Figure 17. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of puck dry specimen 1. ................................................................................ 179 

Figure 18. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of sample design mass. ................................................................................. 179 

Figure 19. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of sample specimen 1. .................................................................................. 180 

Figure 20. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass of sample specimen 2. .................................................................................. 180 

Figure 21. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass pan and dry sample. ..................................................................................... 181 

Figure 22. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in mass pan and initial sample. ................................................................................. 181 



 

Statistical Analysis of 2018 HMA Production Data 14 
 

Figure 23. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in oven temperature. ................................................................................................. 182 

Figure 24. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in pan mass. ............................................................................................................... 183 

Figure 25. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in sample height specimen 1. .................................................................................... 183 

Figure 26. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in sample height specimen 2. .................................................................................... 184 

Figure 27. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in submerged weight of bowl and sample inc1. ........................................................ 185 

Figure 28. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in submerged weight of bowl and sample inc2. ........................................................ 186 

Figure 29. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in submerged weight of bowl inc1. ........................................................................... 186 

Figure 30. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in submerged weight of bowl inc2. ........................................................................... 187 

Figure 31. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in submerged weight of puck in water specimen 1................................................... 187 

Figure 32. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in submerged weight of puck in water specimen 2................................................... 188 

Figure 33. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in surface temperature specimen 1. ......................................................................... 188 

Figure 34. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in surface temperature specimen 2. ......................................................................... 189 

Figure 35. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in temp of sample when placed in mold specimen 1. ............................................... 189 

Figure 36. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in temp of sample when placed in mold specimen 2. ............................................... 190 

Figure 37. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to changes in temperature compensation................................................................................... 190 

Figure 38. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to time compaction begins specimen 1. ...................................................................................... 191 

Figure 39. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to time compaction begins specimen 2. ...................................................................................... 191 

Figure 40. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to uncorrected binder content. ................................................................................................... 192 

Figure 41. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to USL DP. ..................................................................................................................................... 193 

Figure 42. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to USL P200. ................................................................................................................................. 193 



 

Statistical Analysis of 2018 HMA Production Data 15 
 

Figure 43. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to USL Pa. ..................................................................................................................................... 194 

Figure 44. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to USL VFA. ................................................................................................................................... 194 

Figure 45. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to USL VMA. ................................................................................................................................. 195 

Figure 46. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to water bath temp inc 1. ............................................................................................................ 195 

Figure 47. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to water bath temp inc 2. ............................................................................................................ 196 

Figure 48. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to water bath temp specimen 1................................................................................................... 196 

Figure 49. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to water bath temp specimen 2................................................................................................... 197 

Figure 50. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to weight of puck ssd specimen 1. ............................................................................................... 197 

Figure 51. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 

respect to weight of puck ssd specimen 2. ............................................................................................... 198 

 

  



 

Statistical Analysis of 2018 HMA Production Data 16 
 

List of Abbreviations and Acronyms 

AASHTO  American Association of State Highway and Transportation Officials 

ACFE  Association of Certified Fraud Examiners 

ANSI American National Standards Institute 

ASCE American Society of Civil Engineers 

23 CFR 637  Code of Federal Regulations, Title 23, Part 637 

CPF  Composite Pay Factor 

DOT  Department of Transportation 

FHWA  Federal Highway Administration 

Gmb Bulk specific gravity 

Gmm Theoretical maximum specific gravity 

HMA  Hot Mix Asphalt 

IA  Independent Assurance  

ISO International Organization for Standardization 

ITD  Idaho Transportation Department 

JMF  Job Mix Formula 

NaN Not-A-Number 

NAPA  National Asphalt Pavement Association 

MEPDG  Mechanistic–Empirical Pavement Design Guide 

OECD  Organization for Economic Co-operation and Development 

Pa  Air voids 

Pb  Asphalt binder content, percent by total mass of mixture 

P.C.  Plausible Correction 

PF  Pay Factor 

PWL  Percent Within Limits  

QC  Quality Control 

QA  Quality Assurance 



 

Statistical Analysis of 2018 HMA Production Data 17 
 

SSD Saturated Surface Dry  

U.C.  Unexplained Correction 

US United States 

UW Under-Water 

VBA Visual Basic for Application  

VFA Voids Filled with Asphalt 

VMA Voids in the Mineral Aggregate 

WMA Warm-Mix Asphalt  

  



 

Statistical Analysis of 2018 HMA Production Data 18 
 

Foreword by the Idaho Transportation Department 

This research report analyzed the 2018 Hot Mix Asphalt (HMA) production and construction data, 

including the audit trail data. Although the Idaho Transportation Department (ITD) did not specifically 

sanction the collection of audit data by ITD staff in the spreadsheet macros, as explained herein, this 

study does reference this data in work staff and Boise State University (BSU) researchers have 

completed herein. Since 2018, ITD has implemented many changes to its asphalt mix materials 

acceptance program due to this research and the FHWA Forensic Pavement Assessment (see Appendix A 

for the “FHWA Forensic Pavement Assessment for the Idaho Transportation Department (ITD), dated 

March 8, 2018”). 

One of the most significant changes has been the elimination of the prime contractor’s or their third-

party contractor’s Quality Control (QC) results for acceptance by ITD with a state acceptance program; 

thus, eliminating the statistical verification of contractor-reported test results. The following sections 

summarize some of the most significant changes.  

Changes made from 2018 to 2020: 

Quality Assurance 

• State Acceptance only (either with Department forces or Consultants hired by the Department) 

for the 2020 construction season. 

o This was done in concurrence with the AGC. 

• Developed procedures for verifying and calibrating asphalt plants. 

o To ensure that the mix that is being produced is the mix that is specified and designed 

(best practice). 

• Pilot quality control plans for all statistically based pay items (Burati et al., 2003). 

o Better defining roles of parties in the quality assurance process (best practice). 

Future:   Implement quality control plans for all items of work. 

• Official meeting minutes prepared by the Department of the preconstruction and pre-paving 

meeting(s). 

o Standardization of processes. This was not being done in the past consistently. This was 

leading to conflict during construction.  

Acceptance and Payment 

• Added Gse, Gmm, and dust proportion for acceptance, and dust proportion for payment. 

o A change in Gse or Gmm from design are caused by one of two things. Either a change in 

mix or an issue with testing (Hughes et al., 2020). 

o These were items identified in the FHWA Forensic Report.  
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• Increase total possible incentive from 5% to 10% (plus smoothness incentive which was 

unchanged). 

• Increase maximum incentive on density to 5% as a stand-alone incentive and implement the tier 

density pay equation used during the QIP Pilot in 2017 to incentivize consistent increased 

density.  

o Research has shown that a 1% increase of in-place density will add 10-15% in life to the 

road. Incentivizing this practice. 

• Modify composite pay factor to include VMA, air voids, and dust to binder ratio for up to 5% 

incentive. 

o The addition of dust to binder ratio as a pay factor was based on FHWA’s 

recommendation from the Forensic Report. 

Construction Requirements 

• Minimum lift thickness will not be less than 3.5 times the Nominal Maximum Aggregate Size 

(NMAS) (Blankenship et al., 2021)..  

o Recommendation from FHWA Forensic Report  

• Formalized a nuclear density gauge procedure. 

o Standardization of a process. Correlation of nuclear density gauges were being done 

inconsistently across the ITD districts. 

• Removed some of the more prescriptive requirements (e.g., the type of paver used or roller)  

o The specification was developed to be more focused on the end result and the 

contractor’s plan to ensure quality. 

Specific Gravity of Aggregates and RAP 

• Department to witness sampling of RAP and aggregates for determining specific gravities. 

o FHWA requirement. Maintaining clear chain of custody on material samples that are 

used to establish acceptance. 

• Determine specific gravities for each individual stockpile. Determine Gsb of the mix based on the 

aggregate blend in the design. 

o Previous practice was to receive a pre-blended sample from the mix designer and 

establish Gsb. That Gsb would be used during design and production regardless of blend 

changes. 

• Monitor Gsb through production. 
o FHWA recommendation in Forensic Report. Using an incorrect Gsb during production 

can have a serious impact on quality (Hughes et al., 2020; NCAT, 2016).  

Mix Design 

• Formalized and streamlined the mix design review process which is now centralized and based 

on risk, paper review for mix designs. 
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o Previously mix designs were verified by a Central Materials Lab confirmation. There was 

very little value added using the previous process regarding project quality. 

• Hamburg and Ideal CT were added and removed the old APA and Immersion Compression (IC) 

tests. 

o FHWA Forensic Report identified the need for a cracking test and Ideal CT was 

recommended and is currently being used by 10 agencies nationally (Sias et al., 2020).  

o Hamburg is currently being used by 20 agencies nationally including surrounding states. 

It identifies both stripping and rutting in a single test and replaces APA and IC. 

• Increased the dust to binder from 1.2 to 1.4 at mix design. 

o This was a concession to the AGC. National best practice is a maximum design dust to 

binder ratio of 1.2. 

o The concession was given with the intent of moving toward 1.2 in the future (Sreedhar 

2019).  

Test Strip 

• Changed test strip process from multiple oil contents to a single oil content using the mix design. 

o Test strips were previously constructed with multiple sections with multiple oil content 

targets. Each oil target was essentially treated as its own test strip. This really increased 

workloads in both the District and Central Lab. The goal is for the Contractor to produce 

the mix as was designed. 

• Determine the NCAT correction factor using plant produced material. (Idaho IR 157) 

o Historically there have been big changes in material properties of mix produced in the 

lab and mix produced through the plant during production paving. This was done to help 

better measure the properties of the plant produced mix and take into account the 

aggregate breakdown and dust generated during the production process.  

• Established tolerances on Gse and Gmm from design. 

o This is to help ensure that the mix design is representative of the mix produced.  

• All test strips evaluated and tested by the Central Materials Lab. 

o With the addition of performance testing and chemical extraction to the test strip 

testing process the Central Lab is currently the only Lab in the Department capable of 

performing all the required tests. 

o Having all test strips be tested in the Central Lab adds to the consistency and confidence 

in the testing during both test strip and production. 

• Modified the test strip acceptance from average passing to Percent Within Limits (PWL).  

o Average passing method does not address variability in the production process. High 

variability during production will result in lower quality material.  

• Implemented performance tests for the test strip on a pass or fail basis. 

o Previously the Department performed IC and APA testing during design or test strip to 

address stripping and rutting of the mix.  

o The addition of a cracking test (Ideal-CT) complements the rutting test (Hamburg). 
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o Moving to Hamburg from APA and IC eliminated a test with questionable precision with 

a widely used method. 

• Required the removal of all failing on-site test strips. 

o Previously failing test strips were sometimes allowed to be left in place at a reduced 

cost. Failing material increases maintenance costs and has lasting impact to the traveling 

public. 

• After 3 failing test strips a new mix design is required. 

o Previously there have been up to 6 or 7 failing test strips on a project. The increased 

cost and time that it takes to develop a mix design is intended as an incentive for the 

Contractor to perform the proper quality control to ensure that they are ready to begin 

paving. 

Production 

• Removed daily control chart submittals by the contractor. 

o The QASP Web Portal currently being developed will in part perform this function. 

▪ This feature is a part of the 2nd phase of the QASP Web Portal development. 

• Raised the upper density limit to 100. 

o To increase density the upper limit was raised to 100 as a statistical limit. (evaluated 

using percent within limits) 

• Changed from allowing “slight adjustments” to a job mix formula to a well-defined adjustment 

table during production 

o Better defining and standardizing our specifications with national practice. 

• Formalized the process for a Contractor to make adjustments to a job mix formula. 

o Past practice was for a Contractor to make adjustments without notifying the 

Department. Some adjustments appeared to be for cost savings and would not improve 

quality. 

o Goal is to let the Department know what adjustments are being made and why prior to 

making the adjustments. 

New or Modified Idaho Reference Methods 

• Acceptance Test Strip for Asphalt Mixtures (Idaho IR 125) 

o Modify procedure to increase clarity and standardization of the process. 

o Allow the Contractor more control of the amount of material to produce during the test 

strip. The idea is to allow the contractor to control their risk. 

• Stratified Random Sampling (Idaho IR 148) 

o New: Defined procedure for the Department to perform stratified random sampling. 

Previously “stratified random sampling” was not clearly defined. 

• Superpave Mix Design (Idaho IR 150) 

o Created and clarified a procedure that was previously in the specification. Modified to 

account for the shift towards paper review of mix designs and verifying during test strip. 
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• Superpave Mix Design Evaluation (Idaho IR 151) 

o New: Created a procedure for evaluating a mix design for a specific project using a risk 

based evaluation process.  

o Previously mix designs were verified and evaluated through testing in the Central Lab of 

lab produced (by mix designer) material. This new process is a paper review. 

• HMA Quality Control Plan Development and Implementation (Idaho IR 152) 

o New: Created in conjunction with other changes within the specifications to better 

define the Contractor’s and Department’s individual roles and responsibilities within the 

quality assurance program. 

• Split Sample Comparison (Idaho IR 153) 

o New: Previously this reference procedure was in Section 106 of the QASP. The intent of 

creating a stand-alone procedure is to give the Department a tool for evaluating all 

types of testing.  

o The future goal is to incorporate this into a proficiency program currently being 

developed. 

• Nuclear Density Gauge Correlation (Idaho IR 154) 

o New: This was previously in IR-125. Gauge correlations occur at times other than test 

strip so it was pulled out into its own procedure and modified for clarity. 

• Procedures for Checking Asphalt Drum Mix Plant Calibrations (Idaho IR 155) 

o New: The Department identified a risk that current testing and inspection is not able to 

address. This was developed to address the risk.  

o The procedure was developed based on similar procedures in other states, current state 

of practice, and discussions with industry. 

• Method for Determining Rolling Gmm (Idaho IR 156) 

o New: this reference procedure was in the 405 specification. It was pulled out and put 

into a standalone method for clarity. 

• NCAT Correction Factor (Idaho IR 157) 

o New: The Department identified a risk that current test procedures have been unable to 

address. This method was developed to address the changes in mix characteristics from 

design into production. 

o More of an end-result measurement. Measuring the asphalt content of the product as 

produced through the plant rather than a sample built in laboratory. 

o Similar methods are used in other states for determining asphalt content of mixes. 

o With the use of RAP, determining actual asphalt content using the previous method was 

inaccurate. 

• Quality Control Plan Development and Implementation (Idaho IR 158) 

o New: Created in conjunction with other changes within the specifications to better 

define the Contractor’s and Department’s individual roles and responsibilities to ensure 

quality. 
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• Quality Control Plan Review Process (Idaho IR 159) 

o New: Created in conjunction with other changes within the specifications to better 

define the Contractor’s and Department’s individual roles and responsibilities to ensure 

quality. 

• Evaluation and Approval of HMA Plants (Idaho IR 160) 

o New: Created in conjunction with other changes within the specifications to better 

define the Contractor’s and Department’s individual roles and responsibilities to ensure 

quality. It modifies AASHTO M 156 to be more in line with Idaho’s state of practice. 

Changes Made July 2020: 

Mix Design 

• Increased dust proportion range. 

• Modified specification limit for Hamburg for SP-2 mixes. 

• Ideal-CT for information only. Does not need to pass. 

• Determining Asphalt Analyzer Offset 

o Used to determine if the Asphalt Analyzer is used during test strip to determine ignition 

furnace correction factor (Idaho IR 157) or if the previous method (Annex for AASHTO T 

308) is used. 

o Pay for the offset of additional binder used during production if the Asphalt Analyzer is 

used. 

• Modified the mixing plant calibration requirements. 

o Allow calibration using manufacture’s recommendations and/or National Asphalt 

Pavement Association manuals and documented best practices. 

Test Strip 

• Limit size of test strips (including offsite test strips). 

o Required to be between 200 to 750 tons. 

• Modified acceptance requirements. 

o Eliminated Gse and Gmm as acceptance criteria. 

o Changed performance tests (Hamburg, Ideal-CT) from pass/fail to information only. 

• The Contractor will establish a Contractor’s Job Mix Formula (C-JMF) after a passing test strip. 

o The contractor can make adjustments prior to notifying the Department within the 

adjustment table.  

o Adjustments made outside the limits of the adjustment table have to be approved by 

the Department prior to implementing. Previously, the adjustment table was the 

absolute limits for making adjustments. 
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Production Paving 

• Acceptance for the first lot of production paving will be based on the test strip acceptance 

requirements except gradation. 

• Modified acceptance requirements. 

o Lower limit on Air Voids reduced 17% for SP-5 mixes and 33% for SP-3 mixes. 

o Eliminated Gse and Gmm as acceptance criteria. Used for information only. 

▪ Requires a review of plant settings and test results if PWL < 40. 

Acceptance and Payment 

• Modified calculation of payment for lower quality material.  

o Less pay impact if a single quality characteristic is below 60 PWL than previous versions 

of specification. 

Where Do the Specifications Need to Go Moving Forward? 

Immediate Actions 

• Continue moving towards performance-based mix design. 

o Require a passing cracking test in design. 

• Allow mix designers to determine aggregate specific gravities for design. 

o Verify during test strip and monitor in production. 

o Put Gse and Gmm tolerances in place to address this risk. 

• Implement performance testing and volumetrics for test strip acceptance. 

o This is national best practice. 

• Reestablish controls that minimize the risks of changes in mix from design into production. 

o Put Gse and Gmm tolerances in place to address this risk. 

o Modify allowed mix blend adjustments to be more in line with national best practice. 

• Web Portal (phase 2) 

o This will allow for program-wide data analysis and further refinement of specifications 

and business practices. 

• The ITD Chief Operations Officer initiated two specific advisory groups beginning in 2020 with 

membership from ITD, FHWA, national experts, prime contractors, third-party material testing 

contractors, and a local highway partner. The advisory groups are directed by the Peer Advisory 

Review Group (PRAG) who are working on large initiatives and helping advise ITD on its future 

direction. A Technical Advisory Group (TAG), a subcommittee of the PRAG, is focused on HMA 

improvements and future direction.  

Future Actions 

• Move toward a combination of performance testing and volumetric properties for production 

acceptance. 

o This will require additional lab equipment and training to implement statewide. 

• Implement a longitudinal joint density specification. 



 

Statistical Analysis of 2018 HMA Production Data 25 
 

• Combine the Density incentive/disincentive with the smoothness incentive/disincentive as a 

single composite pay factor. 

• Continue to address FHWA’s recommendations from the Forensic Report and QA Stewardship 

Review. 

• Continue to monitor and implement national best practice. 
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Executive Summary 

Quality Assurance, QA, is a planned systematic approach to secure satisfactory performance of Hot Mix 

Asphalt (HMA) construction projects. Hundreds of millions of dollars are invested by government and 

state Departments of Transportation (DOTs) to construct large-scale HMA projects, requiring robust QA 

practices to ensure they meet quality standards and design life. QA is a statistical approach for checking 

the desired construction properties through independent testing, encouraged by the Federal Highway 

Administration (FHWA) since the mid 1960’s. However, the standard, conventional QA practice is often 

criticized on how effective such statistical tests and how representative the reported material tests are. 

Material testing data correction in the HMA construction sector can render the QA practice ineffective 

and shadow the performance of asphalt pavements. There is approximately 18 billion tons of asphalt 

pavement on American roads, with more than $150 billion spent on highway projects in the United States 

only in 2013, highlighting the significance of QA. 

Before 2018, the Idaho Transportation Department relied on contractor-produced Quality Control, QC, 

test results for the payment of the HMA pavement projects with ITD conducting the QA testing. In 2017, 

a case study by FHWA reviewed 13 ITD asphalt mix projects and found some unexpected trends where 

74% of the ITD test results did not match with the contractor results (see Appendix A, “FHWA Forensic 

Pavement Assessment for the Idaho Transportation Department (ITD), dated March 8, 2018” for more 

information). ITD’s approach to track down the accuracy of mix design and volumetric test dataset set the 

stage for this research to mark out instances of these unexpected results in asphalt pavement projects. 

Based on the findings of the 2017 FHWA study and this project, ITD has since changed its project 

acceptance and payment approach. 

The first objective of this research study was to survey ITD and other state DOT employees’ perception of 

material testing activities in HMA construction projects. The survey was distributed in the late 2019 to ITD 

staff and to each DOT member of the AASHTO Committees on Construction and Materials and Pavements, 

with the direct request to widely distribute the survey throughout their organizations. A total of 75 

participants responded representing 48 ITD employees and 27 from several other DOTs (exact number of 

participating DOTs is unknown due to the anonymity of surveys). It’s important to understand the survey 

limitation; specifically, the survey captured a very small portion of other state DOT employees as only 27 

of many thousands of DOT employees throughout the country participated in this study. Furthermore, 

survey results convey participants’ perception and cannot be considered as fact without further analyses 

and investigations. In general, a large portion (>60%) of ITD respondents believed that HMA projects 

usually do not meet their design life, with a perception that “deficient construction materials”, “errors by 

contractor”, and “climatic factors” are the three major causes for this underperformance. A majority of 

ITD respondents (>60%) believed that the reported mix design and volumetric test data may not be 

representative of the actual materials used in the field, but they (>70%) also reported that ITD is acting to 

investigate the reasons for the observed discrepancies. Further, they reported “pressure to affect 

payment factor in favor of the contractor”, “avoiding scrutiny or conflict over results from the contractor”, 
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“unwillingness to reconduct the test”, “strained workloads” and “avoiding scrutiny or conflict over results 

from the department” as potential descriptor for changes in the material test reports. 

The second objective of this research study was to develop algorithmic logics to identify the patterns of 

corrections in agency- and contractor-produced QC/QA test results. This was possible with the audit trail 

dataset that was collected from 15 HMA projects in 2018. Audit trail is a chronological record that 

reconstructs and examines the sequence of activities surrounding or leading to a specific operation, 

procedure, or event in a security relevant transaction from inception to final result. This type of audit trail 

is commonly used in various systems and was even recommended as far back as 1989 in FHWA policy 

memos providing guidance on the use of source documents and electronic records (see Appendix B). The 

audit trail was incorporated into the HMA materials testing spreadsheet by the use of a spreadsheet 

macro that recorded all instances of data entry, and associated metadata, as well as their corrections for 

audited parameters. This is in accordance with the 1989 FHWA memorandum that stated “the [computer] 

records must provide for the reconstruction of the chain of events that occurs on a project” (see Appendix 

B). The researchers first manually analyzed several thousand entries in the audit trail data, and 

determined potential patterns that were categorized as Plausible Correction or Unexplained Correction. 

The term Plausible Correction (P.C.) refers to instances where a typographical error was likely made. The 

term Unexplained Correction (U.C.), on the other hand, has been used to refer to instances of data 

corrections which the project team, after exhausting all options, could not categorize as P.C. The research 

team then developed algorithmic logics to automatically categorize all instances of data corrections as 

P.C. or U.C. Research found that data reported by the prime contractors and ITD are both susceptible to 

data correction, noting that both the prime contractor and ITD may hire a third-party contractor to 

conduct material testing on their behalf. This research report refers to ITD and the prime contractor as 

Entity 1 and Entity 2, without any particular order, to avoid potential biases and misconceptions. Results 

show that a total of 595 and 316 unique parameters affecting prime contractor payment were changed 

2,268 and 660 times that can be categorized as U.C. and P.C., respectively, in data reported by Entity 1. 

For data reported by Entity 2, a total of 387 and 280 unique parameters affecting prime contractor 

payment were changed 1,266 and 587 times that can be categorized as U.C. and P.C., respectively. 

Although a total of 15 HMA projects had audit trail data, only 12 projects had enough information 

(including both QC and QA data) to thoroughly research the impacts of data corrections. Even in the 12 

projects, the audit trail data is usually not complete (i.e., the audit trail spreadsheet may not have been 

used throughout the entire project), but enough data is available to analyze, although the actual, full 

extent of changes is unknown. 

The third objective of this research study was to evaluate whether a monetary impact had been incurred 

due to data corrections. The research team replicated ITD’s procedure for HMA payment calculation, 

and quantified payment-related parameters and associated payment for each project for two cases: (1) 

when the first reported value for the parameters categorized as U.C. was used for payment calculation, 

and (2) when the last value for the parameters categorized as U.C. was used for payment calculation. All 

non-changed and P.C. parameters were kept at their final reported value. The premise behind this 

analysis is that the first reported value for a parameter that is categorized as U.C. is most likely the 
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actual observed value from the test, and the last reported value represents the corrected value (in cases 

where the corrections could not simply be attributed to typographical errors). This analysis showed that 

there has been overpayment on a majority (i.e., 10 of the 12 projects) of analyzed construction projects 

across Idaho due to material testing data corrections. Overall, based on the available audit trail data, the 

research team found that the overpayments ranged between $14,000 to $360,000 in different projects 

with 2 projects showing a nominal underpayment of $-400 and $-3,000. Further analysis showed that 

corrections to each major material testing parameter’s value can cause roughly $1,000 to $5,000 

overpayment per parameter. Data corrections, however, did not always cause monetary gains. Other 

possible motives may include passing test verification and precision criteria. 

The fourth and final objective of this research study was to evaluate the sensitivity of payment-related 

parameters in HMA projects to material testing parameters. A Monte Carlo study was conducted using a 

“leave-one-parameter-out” analysis approach to investigate the impacts of each material testing 

parameter on payment-related factors (VMA, Pa, Gmm, and Gmb) monitored by ITD. In this analysis, a 

range for each material testing parameter was determined from analyzing all available HMA projects 

from 2018, and Monte Carlo analysis with a normal distribution was conducted on this range. Sensitivity 

analysis shows that parameters in test procedures AASHTO T 209 and T 166 notably impact VMA, and 

similar test procedures have a conspicuous impact on Pa.  

This research study coupled with other ITD initiatives has led to numerous implemented changes by ITD 

to improve the overall quality of asphalt material production as well as paving operations as further 

described in the Foreword.  

 

  

Key Point: 

The primary underlying reason(s) behind the significant number of data corrections is unclear. 

The objective of this research was not to identify who was responsible for the data corrections 

or the reason(s). Rather, the primary objective was to identify avenues for improvement in the 

data reporting and QA protocols.  
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1. Introduction 

The development of any nation is greatly dependent on the quality of its physical infrastructure. 

Although widely accepted as the most developed economy in the world, the United States (US) has been 

facing significant challenges with respect to the quality of the country’s physical infrastructure. The 

American Society of Civil Engineers (ASCE), in their annual report, continue to assign “failing” grades to 

the condition of the US infrastructure. For example, in their 2021 annual report card on America’s 

infrastructure (Infrastructure Report Card Executive Summary 2021), the overall condition of the 

infrastructure was rated at C-, whereas the condition of roads was deemed to be at a “D” grade. Poor 

roads have resulted in US motorists spending approximately $130 billion every year in extra vehicle 

repairs and operating costs. The US currently has more than four million miles of roadways. Just to 

emphasize the magnitude of this number, that’s equivalent to a 4-lane highway 40 times around the 

Earth. Out of the four million road miles, approximately 2.8 million lane miles have a paved surface. 

In light of the magnitude and importance of the pavement infrastructure, it is imperative that special 

care be taken and appropriate measures be implemented to improve the quality of pavements by 

following “good engineering practice” starting from the project conception stage all the way through 

construction. The majority of paved surfaces in the US have been constructed using asphalt. Based on a 

2018 report released by the US Department of Transportation, approximately 94% of these 2.8 million 

miles are surfaced with asphalt (U.S. Department of Transportation, FHWA 2018). Besides highway 

pavements, the use of asphalt is abundant in the construction of airfield pavements as well as parking 

lots. Based on a document released by the National Asphalt Pavement Association (NAPA), more than 

2,650 runways in the Federal Aviation Administration’s (FAA’s) national airport system are surfaced with 

asphalt pavements (NAPA fast facts 2020).  

The above statistics clearly establish the importance of the asphalt pavement network as well as the 

asphalt paving industry towards the growth of the country’s economy. To ensure adequate quality of 

the paved surfaces, it is critical that strict measures be implemented to exercise control over the quality 

of asphalt mix being produced, as well as the construction practices. This can be accomplished through 

the implementation of well-developed Quality Assurance (QA) protocols. QA is defined as “All those 

planned and systematic actions necessary to provide confidence that a product or facility will perform 

satisfactorily in service.” in AASHTO R-10, Standard Recommended Practice for Definition of Terms 

Related to Quality and Statistics.  A QA program comprises the following six core elements: (1) 

contractor Quality Control (QC), (2) agency acceptance, (3) independent assurance (IA), (4) dispute 

resolution, (5) laboratory accreditation, and (6) personnel certification (Hughes et al., 2020). Out of 

these elements, some of the components fall under the category of ‘agency responsibility’, whereas 

some others fall under the category of ‘contractor responsibility’. When it comes to the pavement 

construction, QC protocols are usually implemented by material producers and contractors, whereas 

agency acceptance is implemented by state and local highway agencies (Departments of Transportation 

or DOTs).  
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QC/QA Practices in the Asphalt Paving Industry 

From the mid-1960’s, the Federal Highway Administration (FHWA) started to demand for the exercise of 

statistics-based QC and QA specifications from contractors as well as state DOTs. These methods help 

the contractor assess whether the operations are producing an acceptable product. DOTs commonly use 

the QC and QA test results to determine the Pay Factors (PFs) for all the pay elements in a project. Early 

on, QC data was mostly omitted from the decision-making process, since there were always concerns 

regarding biased reporting by the contractors as compared to findings from the state transportation 

departments. However, an unpublished report in 1993, titled “Limits of the Use of Contractor Performed 

Sampling and Testing” emphasized on the utilization of contractor-produced QC data for better decision 

making in Hot Mix Asphalt (HMA) projects. Later in 1995, these recommendations were converted into 

federal law with the enactment of 23 CFR 637 (Office of the Federal Register, and Office of the Federal 

Register (US) Staff 2007). However, these regulations paved the way for the proper utilization of 

contractor-produced QC data based on the fulfillment of several prerequisites, including: 

1. The technicians employed by the contractor must be qualified to perform sampling and testing.  

2. Verification samples and testing of the material must be done independently of QC tests. 

3. An independent assurance program must be used to examine the QC sampling and testing. 

State DOTs have different HMA standard specifications, pay factors, tests to evaluate new pavement, 

payment plans, lot and sublot sizes and specification limits (Newcomb et al. 2017). Hand et al. (2020), 

through a survey of state DOTs in the US, reported that 22 out of 29 responding DOTs used contractor 

test results as a part of the acceptance procedure.  

Project Background and Justification 

From the mid-1990’s to 2018, ITD relied on the prime contractor-produced QC results to determine pay 

factors for each HMA project. ITD did not pay the prime contractor based on QA verified results 

conducted by ITD or its hired third-party material testing contractor. Using this practice, ITD was 

effectually in noncompliance with the FHWA by paying the prime contractor without verifying the test 

results before 2018. Accordingly, in scenarios where discrepancies were observed between the prime 

contractor-produced and ITD-produced test results, the further steps taken to investigate the factors 

contributing to those discrepancies were futile due to the cumulative effect of various steps in the pre-

2018 version of the QC/QA system and the lack of an avenue to pay off of ITD test results. This resulted 

in less accountability when testing deviations were found in the QC and QA test results. During 2017, ITD 

contacted FHWA, who undertook a forensic investigation of 13 projects to detect and analyze possible 

discrepancies between ITD-produced and the prime contractor-produced test results. Out of a total of 

77 comparisons (based on comparing six key parameters) carried out, good agreement between ITD- 

and contractor-produced results were observed for only 20 (26%) of the cases; in 57 (74%) instances the 
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two datasets did not “agree” with each other. This observation, combined with the fact that several 

pavement sections in the state of Idaho underwent premature failure, suggested a need to thoroughly 

examine and potentially modify ITD’s prevalent practices as far as quality assurance of HMA production 

and construction are concerned (see Appendix A, “FHWA Forensic Pavement Assessment for the Idaho 

Transportation Department (ITD), dated March 8, 2018” for more information). In-depth inspection of 

such discrepancies, quantification of their potential impacts on the pavement lifecycle costs, and 

recommendations for improvement would ultimately improve the overall condition of asphalt 

pavements in the state of Idaho. The current research study was undertaken under these premises, and 

had an overall objective of improving the HMA QA practices implemented by ITD. 

Evidence of Correction in HMA QC/QA Data 

This research study began with the goal of identifying why discrepancies existed as demonstrated in the 

FHWA Forensic Pavement Assessment report. During the course of this research study, the focus was 

changed to include the audit trail data indicating corrections were being made during asphalt quality 

control and acceptance testing. This audit trail data was collected using a spreadsheet macro in the ITD’s 

spreadsheet form 0777 titled “Superpave Production Test Report” (see Appendix C). This is a form that is 

used to report results during quality control and acceptance testing. The audit trail macro monitored all 

the data entries being done on this form. For example, if the user first input the number “1” in a 

particular cell of the form and later deletes it to enter “2”, the macro kept a log of both entries along 

with the corresponding metadata such as time stamps. Therefore, the reviewer of the data can get a 

chronological record of all the data entries made during the testing of a particular set of samples. It is 

important to note that the macro keeps track of all the data entries made into the cells within the 

spreadsheet form, and does not distinguish between instances where the user makes a typographical 

error, thus requiring them to change the number, compared to a case where the user may have 

intentionally changed a test result for some unknown reason. Careful judgement needs to be practiced 

to distinguish between these two instances. For the purpose of this research, instances where the data 

corrections can be easily attributed to typographical errors, have been labeled as Plausible Correction 

(P.C.). On the other hand, instances where no obvious justification for the data correction can be 

provided, after exhausting all options, have been labeled as Unexplained Correction (U.C.). The data 

analysis in this research project focused largely on differentiating between instances of P.C. and U.C., 

and subsequently quantifying the effect of these U.C.’s on the overall project costs.  

Report Organization 

This report documents findings from the research study titled “Statistical Analysis of 2018 HMA 

Production and Construction Data to Improve Quality Assurance and Acceptance Practices in Idaho” 

undertaken in collaboration between the Idaho Transportation Department (ITD), Boise State University, 

and Oklahoma State University. The primary objective of this research study was to identify sources of 
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discrepancies/inconsistencies in HMA production and construction data through extensive statistical 

analysis.  

The contents of this report have been divided into six chapters. Chapter 2 documents findings from an 

extensive review of published literature carried out on the topic of quality control and acceptance 

testing in the asphalt industry, and how the QA practices in Idaho as well as the rest of the country have 

evolved over the years. This chapter also documents findings from a national and state-wide (in the 

state of Idaho) survey of highway agency personnel associated with asphalt paving projects to assess the 

prevalence of data inconsistencies between the state DOT- and the contractor-produced test results.  

Chapter 3 presents details about the data analysis effort, and describes the development of a logic-

based framework that was used by the research team to differentiate instances of U.C. from P.C. The 

chapter also provides details about the functionality of this spreadsheet-based macro that was 

developed by the ITD staff to collect the data which was then provided to the research team. Chapter 4 

analyzes the impact of the U.C. instances on the total project costs. Pay factors were compared for each 

paving project in the presence and absence of data corrections that could not be immediately attributed 

to user-related mistakes such as typographical errors. Quantifying the changes in project costs induced 

due to these U.C.s can give an idea about the quantity of additional taxpayer dollars being spent as a 

result of improperly implemented testing and QC/QA practice.  

Chapter 5 presents findings from a sensitivity analysis carried out to assess how changes in different 

asphalt mix parameters affect the overall mix approval and associated costs. Chapter 6 presents a 

summary of the research findings, draws logical conclusions based on the findings, and makes 

recommendations for future research that should be pursued by ITD to improve the overall state of 

asphalt production, testing and paving practices in the state of Idaho.  

It is important to note that asphalt concrete mix is often referred to as Hot Mix Asphalt or HMA due to 

the commonly used method of producing this mix (individual components are heated to an elevated 

temperature and mixed). Recently, different technologies have been developed that has reduced the 

production temperature for asphalt concrete mixes. In some cases, the term Warm Mix Asphalt (WMA) 

may be used to refer to a mix produced at lower than traditional temperatures. Nevertheless, the term 

HMA is often used to refer to an asphalt concrete mix irrespective of the exact temperature at which it 

is produced. Accordingly, in this report, the term HMA has been used to refer to asphalt concrete in 

general, without making any implications regarding the temperature at which the mix has been 

produced.  
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All the data analyzed, and the practices referred to in this research study correspond to ITD 

practices through the end of the 2018 calendar year. ITD has since made significant changes into 

the quality acceptance process as well as other practices related to HMA production and paving 

as further described in the Foreword.  
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2. Literature Review  

Introduction 

QA specifications have now become an integral part with the commitment to overall quality management. 
The quality management comprises of multiple components including but not limited to process control, 
independent assurance and acceptance of product (Buttlar and Harrell 1998). These specifications are 
designed to reward for increments of high quality. In general, DOT’s are given the task to accept 
contractor-produced products that have reached the quality mark set by the highway agencies.  
 
QC is defined as the continuous process of a contractor (i.e., pavement contractor in HMA projects) 
monitoring, assessing, and adjusting their production so that the final product meets the prespecified 
level of quality, whereas QA is defined as the process of ensuring the construction quality will satisfy the 
owner-specified requirements and is assigned to DOTs (TRB 2018). A third term, “Acceptance” refers to 
sampling and testing or inspection to determine the degree of compliance with contract requirements 
(TRB 2018 Glossary of Terms). It should be noted that the term QA addresses the overall problem of 
obtaining the quality of a service, product, or facility in the most efficient, economical, and satisfactory 
manner possible. Within this broad context, QA involves continued evaluation of the activities of planning, 
design, development of plans and specifications, advertising and awarding of contracts, construction, and 
maintenance, and the interactions of these activities (TRB 2018 Glossary of Terms) 
 
From the earlier days, practices and methodologies used by federal and state highway agencies varied 

widely in purposes and concepts. Although these specifications are varied from state to state, in most 

cases they followed the statistical analysis concepts with the following three basic components:  

i. Quality Control 

ii. Acceptance Protocols (the DOT must have some method to verify the contractor’s test results 

for acceptance and payment such as a QA process) 

iii. Independent Assurance (IA) 

All the processes of QC are typically conducted by the contractor, with different components including, 

but not limited to mixing, blending, sampling and handling of HMA materials. A well-developed and 

implemented QC plan has the following advantages (Caltrans 2020): 

● Process can be controlled in the desired manner, 
● Contractor can quickly search for alternatives in case the project missed the requirements, 
● Contractor can properly respond to and correct any unwanted situation, and reroute the 

process to the correct track.  
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Acceptance protocol is in general maintained by the state highway agencies, although there are some 

cases where the contractor-produced test results are used in this step. The last step, Independent 

Assurance (IA), typically involves testing and evaluation of the samples by a third-party (other than the 

contractor and the DOT personnel associated with the project). 

The prime contractor is responsible for inspection of transportation, production and placement of HMA, 

and the completion of the roadway. The production inspectors are generally required to inspect the HMA 

production plant before the first day of the work starts. If an HMA plant does not satisfy the requirements, 

the QC manager needs to take necessary action. At most of the HMA production plants, it is necessary for 

the production inspector to visit the asphalt production plant on a daily basis before the start of the 

production. There are varied guidelines provided by different state DOTs for plant inspection. Some 

common guideline to follow are (Caltrans 2020; Transportation Research Board 2018): 

I. Carefully checking the overall plant to cross-check whether the prime contractor controls dust or 

smoke as required 

II. Documentation of daily HMA production information 

III. Testing the reclaimed asphalt pavement samples for moisture content 

IV. Ensuring that the temperatures of the aggregate and asphalt binder are within the limit 

V. Confirming that the batch size and the feed rates do not cross the mixing capacity range 

Pay Factor (PF) 

PF is used to calculate the payment to prime contractor based on the quality of their work. Akkinepally 

et al. (2006) displayed a flow chart for establishing a relationship between PF and prime contractors’ 

quality of work. The PF is essential for finalizing the payment to the prime contractors. If the work of the 

prime contractor meets the limit of the available QC/QA specification they will receive the total one-

hundred percent of the contract. But when the product quality fails to meet a certain quality threshold, 

some DOTs deduct an amount from the prime contractor in order to ensure contractors improve the 

quality to the level required by the state DOT. On the basis of pay adjustment factor, the payment of the 

prime contractor is generally recalculated. Most of the agencies follow the procedure of calculating 

individual PFs. Sometimes a composite PF is also calculated by multiplying the respective weight of each 

of the quality parameters. The PF in general varies from state to state, and agency to agency. 

The schematic relation between QC, QA, and other major components of the statistical PFs is shown in 

Figure 2.1. According to the literature, pavement density and surface smoothness are frequently used to 

confirm construction adequacy. Often for purposes of QC, nondestructive tests using nuclear/non-

nuclear gauges and for QA purposes, the destructive core density tests are used to determine pay-

elements (Williams and Hall 2008, 150). Although alternative nondestructive measurement methods 

such as intelligent compaction can be used to avert induced cracking and reducing in pavement 
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performance (Beainy 2011; Chang and Gallivan 2011).  DOTs determine those pay-elements and a 

particular weight for each element according to its significance and correlation to the pavement 

performance and generally the more those pay-elements are balanced the longer HMA mixture can 

remain in service without any problems and the higher HMA mix quality would be. Particular weights 

are given to each element according to its importance and relevance to the pavement performance. This 

is done by the DOT using previous data and the assumption that these elements are related to the 

pavement performance. Furthermore, engineers’ experiences and industry input are used to determine 

PF weights. (Al-Khayat et al. 2020, 146). DOT also determines the lot size (e.g., 5,000 t, 10,000 t, daily 

product, or any other definition) and sublot size (e.g., 500–1,500 t). 

 

Figure 2.1 Relationship between QC/QA components 
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In general, prime contractors are responsible for the quality of the HMA produced and used in a paving 

project. It is one of the major responsibilities of the contractors to verify the quality of materials 

supplied by the subcontractors, suppliers and other external sources. QC/QA program is only effective 

when the prime contractor provides necessary quality control in accordance with the specifications. 

Financial incentives and disincentives for quality can help motivate the prime contractor to produce the 

best quality product they can. 

 

Percent Within Limits (PWL) Specifications 

DOTs, using previous data and based on assumptions, select PFs and their weighting factors. 

Furthermore, DOTs calculate the PWLs and PFs for each Lot. By considering the PWL specification, DOTs 

accept or reject part of the mixture for each lot. Moreover, according to the type of PF policy 

implemented, prime contractors may receive a financial incentive for high quality of mixture, or may be 

penalized for poor quality of the mixture, including having to remove and replace unacceptable asphalt. 

The PWL, by considering the sample average and standard deviation of each property of the HMA mix, 

estimates the percent of the materials that is within the specification limits. For instance, if for a specific 

lot the PWL of asphalt content is 87%, it means this lot has 87% of the mix within the limits of the 

asphalt content. The PWL is used to reward a producer that manufactures a product that is very close to 

the target value and has low variability. The low variability represents the consistency of the products in 

a project. From the ITD’s QA special provision, a PWL of 90 represents the full possible payment. Any 

prime contractor not receiving full payment may elect to remove defective material and replace it with 

new material on a lot basis, at no additional cost to ITD, to avoid a PWL of less than 90. 

HMA projects’ different parameters including standard specifications, lot and sublot sizes, payment 

plans, PFs, tests to evaluate new pavement, and specification limits vary depending on the state DOT 

(Newcomb et al. 2017). These standards are monitored and are updated by the state DOT and usually, 

DOT accepts an HMA mixture when specification limits applied in PWL specification are within limits. 

However, these limits are dynamic and are developed by DOTs based on the variabilities in test methods 

and repeatable tests results. Such variabilities stem from different construction and testing techniques, 

technical errors, and the nature of the materials being used that can be difficult to control. These cause 

discrepancies that often lead to prime contractors not being able to achieve, for example, the exact 

target value of asphalt content or density. Accordingly, DOT defines specification limits for different 

parameters such as target value and materials falling within those limits would be accepted. Therefore, 

for each pay element specification, limits are developed according to statistical analysis based on their 

specific typical variability. Too wide or too narrow limits can be risky for the DOT and contractors and 

this can minimize or maximize the DOT payment to the prime contractor (Al-Khayat et al. 2020, 146). 
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Chronology of QC/QA in the US 

DOT QA programs since the 1960s, had to adhere to 23 CFR 637 and be approved by FHWA (2007). The 

23 CFR 637 indicates that the prime contractor test data can be used for acceptance of construction 

materials given that DOT validates the test data with independent test results. As a result, a key decision 

is made to determine whether the DOT should conduct the acceptance sampling and testing or use 

prime contractor test data for acceptance in the QA process. If it is decided by the DOT to conduct the 

acceptance sampling and testing, a combination of F- and t- hypothesis tests is commonly used to assess 

whether the DOT and prime contractor test results belong to the same statistical 

population/distribution or not. Subsequently if the DOT uses prime contractor test results in one or 

more of their acceptance decisions processes, then, QA program must meet certain requirements 

including DOTs are expected to use an appropriate process to validate the prime contractor’s results. 

Before 1992, a survey conducted by AASHTO viewed that 8 states among 50 in the US, have made 

significant plans or already implemented the QC/QA specifications (Smith 1998). By 2005, around 46 

states had already implemented the QC/QA specifications (Hughes 2005).  A web-based survey of DOTs 

by Hand et al. (2020, 10) showed that 22 out 29 state highway agencies use prime contractor test results 

as part of the acceptance procedure. Therefore, each state highway authority should ideally develop a 

QA program that will ensure that the materials and workmanship incorporated into each federal-aid 

highway construction project on the national highway system are in conformity with the requirements 

of the approved plans and specifications, including approved changes. What is more, FHWA also 

conducts stewardship reviews to assess DOT QA program practices and procedures, as well as ascertain 

the status of DOT implementation of QA regulation (Al-Qadi et al. 2020). Literature review shows that 

erroneous acceptance and payment decisions can be contributed to deviations from implementation of 

statistical procedures described in the AASHTO including conducting inadequate number of DOT tests, 

elimination of the F-test, using inappropriate comparison methods (i.e., single DOT test method and the 

Difference Two-Sigma Limit method), using split rather than independent material samples, and 

performing unwarranted retests (Wani and Gharaibeh 2013, 67), whereas studies confirm that the use 

of F- and t-tests are effective tools for validating QC results (LaVassar et al. 2009). In this hypothesis 

testing the F-test and t-test identify possible differences in variances and means of the two datasets 

respectively. The overall work of this process is shown through a flowchart in Figure 2.2 (Hand and Epps 

2006, 140). 
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Figure Source: (Caltrans 2020) 

Figure 2.2. Workflow of Statistically-Based QA Specifications 

Per each lot, DOT performs a statistical analysis to calculate PWL value and based on PWL the amount of 

payment for the prime contractor is determined. Muench et al. (2001) defines PWL as the percentage of 

lot falling in between the lower and the upper specification limits. Similarly, percent defective was 

defined as the percentage of lot falling outside specification limits (Muench et al. 2001). To produce a 

uniform HMA mixture, each lot should have a certain job mix formula (JMF). The PF is then calculated by 

considering target value in the JMF in addition to specification limit (the upper limit) and the target 

value in the JMF subtracted from the specification limit (the lower limit). Once sufficient test results are 

gathered, certain percentage of quality limits (e.g., 90%) can be set to determine whether a prime 

contractor should receive the full payment or not (AASHTO 2016).   

Different studies recently have been conducted to increase the robustness of the validation techniques 

for QA specifications. One example is a study by Schmitt et al. (2001, 86) where statistical parameters 

were proposed for either split or independent sampling representing the variation, risk, and size of the 

dataset to be used for finding mean differences between two datasets. Monte Carlo simulations are 

used to evaluate prime contractor test data based on F- and t-tests and detection of data alteration and 

expected pay. Using this method Wani and Gharaibeh (2013, 67) produced operation characteristic 

curves for identifying the probability of detection of data alteration. Their simulation results 

demonstrated that even at high sampling rates the power of the test was low such that the expected 

pay (for sample size 5 vs. 20) can be changed from 87% to 100% without detection in the most extreme 
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cases, thus resulting in significant overpayment. They concluded that using larger lots and sample sizes 

to compare DOT test results to prime contractor test results and separating the project management 

team from the prime contractor quality management team can reduce detection error.  

Other studies also suggested that accumulation of DOT and prime contractor test results on consecutive 

lots should be considered in an effort to increase sample size and improve power of statistical tests 

(Arambula and Gharaibeh 2014, 140). To this end, continuous cumulative and chain-lot sampling 

methods were used and the result of analysis showed that a chain-lot sampling method (with three 

accumulated lots) can significantly increase the power of F- and t-tests for detection of data corrections. 

On the other hand, the authors reported no significant change in PWL using this sampling method. 

Another validation technique is the use of risk-based multi-tiered verification, which ranks the 

acceptance quality characteristics of materials given its relative impact on performance to 1, 2, and 3 

(where 1 is most and 3 is the least important). Thus, in case of category 1 AASHTO F- and t-tests is used 

for verification and in case of category 3 a simple review of control charts of prime 

contractor/inspection data would suffice. Assuming that data follows a normal distribution and both 

data have equal variance the pooled t-test is an alternative approach for purposes of hypothesis testing. 

To relax the assumption of having equal variance, Satterthwaite’s method can be used that accounts for 

the discrepancy in variances by adjusting standard error and degrees of freedom (Satterthwaite 1946, 

110). The nonparametric hypothesis tests are more robust since the assumption regarding normality, 

equality of variances, and independence of the populations are not required. One of the most popular 

and frequently used nonparametric hypothesis tests is the Mann-Whitney/Wilcoxon that tests the 

difference in medians of the populations or means of the populations if they are not symmetric 

(Wilcoxon 1945, 80). Other nonparametric methods are available in the literature for two-sample 

hypothesis testing including the Levene test and Fligner-Killeen test (Levene 1960, 278; Fligner and 

Killeen 1976, 210). Similar to nonparametric tests the bootstrap test does not require the assumptions 

of normality and quality of variance and by resampling with replacement from the sample data, they 

create bootstrap samples and approximate the sampling distribution of the statistic (Efron 1979, 569; 

Good 2005). These conclude that although F- and t-tests are powerful methods to capture difference in 

mean and variance of two datasets, extreme caution is to be made to ensure their assumptions are not 

violated (i.e., data not following a normal distribution) and in case those assumptions do not hold, then 

other nonparametric, permutation, and bootstrapping methods can be used to avoid misleading results 

(Moser and Stevens 1992, 19; Ruxton 2006, 688; Zimmerman and Zumbo 2009, 371; Kahler 2012).  

Chronology of QC/QA in Idaho 

ITD used Materials and Methods specifications until the late 1990’s (1997 or so). Those specifications 

direct the prime contractor to use specified materials in definite proportions and specific types of 

equipment and methods to place the material. Each step was directed by a representative of the 

highway agency which meant ITD usually had someone at the hot-mix plant, someone taking weight 

tickets from the truck drivers and watching the dumping or windrowing of the mix, someone supervising 
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the paver laydown operation, someone supervising the rollers and verifying the roller patterns. Finally, 

ITD representatives would also be involved in collecting density gauge readings, sampling and testing 

the mix (though sometimes these duties overlapped), etc. Accordingly, ITD maintained direct control 

over the entire process; QA tests were merely carried out to collect some information on the project. In 

1994, ITD began its move toward QC/QA by statistically comparing the QC and QA results along with 

measuring variability of the materials used in ITD projects. One of the important factors in transition 

from materials and methods specifications to more testing of the final product was the high personnel 

requirements, along with the shrinking personnel resources of many highway agencies. This change also 

shifted the risk of production from ITD to the prime contractor. With ITD directing each activity, ITD was 

wholly responsible for the outcome.  

According to FHWA 23 CFR Part 637B, the definitions for QC and acceptance differ from those in the TRB 

glossary. The FHWA 23 CFR 637B definition for QC is "All Contractor/vendor operational techniques and 

activities that are performed or conducted to fulfill the contract requirements." This definition was 

adapted from standard ANSI 90 and standard ISO 9000. Acceptance program is defined as "All factors 

that comprise DOTs determination of the quality of the product as specified in the contract 

requirements." Later in 1996 Quality Team was formed to implement and oversee QA measures in 

accordance with the CFR and to ensure quality of materials and construction on ITD’s roadways by 

partnering with prime contractors. The team was reestablished and renamed the QA Specification Team 

in 2003 where, the Division of Engineering Services Administrator serves as the team’s executive 

sponsor to “provide continued development and improvement of the Department’s QA specifications, 

measures, and programs to assure quality materials are incorporated into department projects.” (QA 

Manual Section 2110.00 QA Specification Team). Until 2018, ITD was exclusively relying on the prime 

contractor-produced QC results to determine PFs of all HMA projects. Despite the conductance of 

verification tests in ITD laboratories, the results would have no effect on the project payments. Further 

steps were taken to identify the factors contributing to the observed discrepancy between the prime 

contractor and ITD produced test results were futile due to cumulative effect of the QC/QA system used 

and the lack of an avenue to pay off of ITD test results.  

In 2018, ITD updated its QC/QA program to comply with 23CFR 637.207 to verify the prime contractor’s 

QC test results using a statistical verification process. Also, in 2018, ITD used three payment-related 

factors: Air voids, Voids in Mineral Aggregate (VMA), and Density for calculating the PWL and PF and 

finally, Composite Pay Factor (CPF) which includes both mix quality characteristics and density. It was 

during this time period that the research team analyzed the submitted test results including the audit 

trail data for this research.  

In 2020, ITD stopped using prime contractor QC test results for acceptance and payment, and began 

utilizing only ITD or ITD’s hired third-party contractor test results for acceptance and payment.  ITD also 

made some changes to its acceptance criteria by adding another quality characteristic, Dust Proportion, 

in the procedure of calculating composite pay factor (CPF) and payment adjustment. Thus, in 2020, the 



 

Statistical Analysis of 2018 HMA Production Data 42 
 

formulation of composite pay factor includes just quality characteristics and a new, tiered density pay 

factor incentivizing additional compaction is used in calculating the payment adjustment. Additional 

changes made by ITD can be reviewed in the Foreword. 

Data Correction 

Both the 2018 FHWA forensic report and anecdotal interviews with ITD and consulting engineers point 

to the possible existence of data corrections in HMA project reports (Dutton 2020; 2021). Errors and 

mistakes in material testing and reporting can result in lower than expected service life of HMA projects, 

higher maintenance costs, and in extreme cases even lower safety. ITD is investing ~$450 million (both 

federal and state funds) in Idaho highways in 2021 and a similar amount each year afterward by 2027; 

and material testing values have the potential to cost taxpayers millions of dollars if not done properly 

(ITD 2019). 

Figure 2.3 shows an image of a laboratory datasheet submitted to ITD during one of the HMA projects 

reviewed by the research team. As seen from the datasheet, the values in several fields were corrected 

and over-written several times during the course of testing. This is particularly evident from the Under 

Water (UW) and Saturated Surface Dry (SSD) weights. Some of this can be attributed to the possibility 

that scale readings were affected by the testing environment such as excessive wind draft in the 

laboratory. However, repeated occurrence of such trends raises concerns about the quality of the test 

results or the competency of the tester. Moreover, such instances of changes were also observed in 

cases where the test data was entered into spreadsheet form and captured in the audit trail. This 

emphasizes the importance of studying the extent of such data inconsistencies in the reported values, 

and developing approaches to prevent future occurrences of poor/inaccurate testing and reporting 

practices.   
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Figure 2.3. Data Correction on a Paper Data Reporting Sheet 

The 2018 forensic report by FHWA on 13 selected projects showed 4% average difference in incentive 

pay for asphalt mixture between the prime contractor and ITD results. If these projects are indeed 

representative of all projects in Idaho, extrapolating this would be about $4,300,000 extra in incentives 

in just one year. Research team acknowledges the inaccuracy of extrapolated calculations, but offer this 

estimate as a rough baseline for the scale of the issue. This mismatch not only can impact pavement 

projects’ PFs, but also can have significant repercussions concerning the pavement service life and 

maintenance costs. Hence, reviewing and modifying ITD’s current practices and policies regarding the 

QC/QA of HMA production and construction is necessary, and an in-depth inspection and analysis of the 

sources of these observed discrepancies between prime contractor and ITD test results can shed light on 

how construction costs, maintenance costs, and pavement life are altered as a result. Such inspection 

and analysis could ultimately help improve the overall condition of asphalt pavements in the state of 

Idaho.  



 

Statistical Analysis of 2018 HMA Production Data 44 
 

Findings from National and State-Wide Survey  

This research study further investigated the potential prevalence of and causes for the discrepancies in 

the material testing reports between prime contractor- and agency-generated material testing data and 

the actual materials used in the construction. Accordingly, a survey was designed and sent out to state 

DOTs through two AASHTO committees, the Committee on Construction and the Committee on 

Materials and Pavements in late 2019. The objective of the survey was to inquire about their state of 

practice for prevention and reduction of suspicious, and in extreme cases fraudulent, activities in 

construction and maintenance of HMA projects. This section provides an in-depth and analytical survey 

of the ITD and other state DOT engineers about the state of practice across Idaho and the nation, and 

engineers’ perception of the prevalence of suspicious activities in ITD-sponsored and other DOT-

sponsored projects. This chapter also provides information about the current practice at different ITD 

districts, and helps develop a consistent, rigorous quality assurance platform across the state. This 

survey will also create a baseline to design further training activities for ITD engineers. The conducted 

survey questionnaires can be found in Appendix D. These questions were designed by the research team 

through analyzing and synthesis of available literature, as well as consultation with engineers that work 

in the field of HMA construction. We also consulted with Dr. Steve Utych, a social scientist at Boise State 

University, to neutralize the language of the survey and ensure that question language does not have an 

impact on the respondents’ choices.  

Questionnaire Results 

The questionnaire (see Appendix D) was sent out to different DOTs across the U.S. and the results were 

analyzed separately for Idaho and all other states. This allows intercomparing of methods, regulations 

and behavior of ITD and all other states. This section analyzes and discusses the answers given by the 

ITD employees and DOT employees in all other states. In the rest of this chapter, we refer to all DOTs 

except for ITD as state DOTs, and refer to ITD as ITD. Overall, 75 individuals responded to the survey 

with 48 ITD respondents and 27 respondents from several other DOTs. Number of DOTs that 

participated in this study is unknown, given the anonymous nature of the survey. 

● Q4) Do you have experience working with asphalt pavements? 

Figure 2.4, demonstrates asphalt pavement work experience of employees who participated in the 

survey. This figure shows that all employees from other states (state DOTs) that responded to this 

questionnaire had some working experience with asphalt pavement, and in Idaho 92% percent of 

individuals had work experience in asphalt pavement. 
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Figure 2.4 Work experience of survey participants with asphalt pavements 

 

● Q5) Does your state Department of Transportation (DOT) implement any procedure to compare 

actual service life (before major rehabilitation efforts need to be undertaken) of asphalt 

pavements against the original design life? 

Interestingly, the number of employees from state DOTs confirming that their agency compares actual 

service life of asphalt pavement to that of its original design life (40%) is almost identical to those who 

believe this procedure does not exist in their states (44%; Figure 2.5). A considerable percentage of 

participants (16%) responded with “Not sure” to this question. Similar pattern was also observed in 

Idaho but with a great percentage (33%) unaware/unsure that this procedure is being implemented or 

not. This indicates the need to emphasize the importance of QA procedures and further familiarizes 

DOT’s employees with QA procedures and critical analysis of rehabilitation costs of constructed 

pavements during their lifetime. 

 

ITD DOTs 
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Figure 2.5 Implementation of procedures to compare actual service life of asphalt pavements against 

the original design life 

 

● Q6) In your state, do asphalt pavements generally meet the original design life? 

Among those that answered positively to the Q5, 64% of state DOT participants confirmed that asphalt 

pavements generally meet the original design life, while 28% asserted that asphalt pavements do not 

generally meet the original design life. However, in Idaho, a majority of participants (62%) stated that 

asphalt pavements do not meet the original design life, while only 10% believed that they do meet the 

design life (Figure 2.6). This highlights the need to further investigate the reasons why asphalt 

pavements do not meet the original design life and to investigate possible unnatural corrections and 

inconsistencies between the data that prime contractors reported and the data that ITD collected. We 

note that ITD engineers have participated in this study in larger numbers than that of other DOTs (47 in 

Idaho versus 25 in all other DOTs), which casts a question of whether or not other participants had a 

reservation to leave this question blank.  

ITD DOTs 
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Figure 2.6 Answers to whether or not asphalt pavements generally meet the original design life 

 

● Q7) Generally, what kind of discrepancies do you observe between the design life and service 

life of asphalt pavements in your state? 

While the majority of answers (64%) from state DOTs show that service life is roughly equal or greater 

than the design life, only 6% of the answers from ITD participants correspond to having equal or greater 

service life. Breakdown of perception of service life of asphalt pavements as compared to their design 

life is shown in Figure 2.7. Similar to other questions, we note that a considerably lower number of 

participants from state DOTs participated in this survey, as compared to the ITD participants.  
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Figure 2.7 Type of discrepancies observed between the design life and service life of asphalt 

pavements 

 

● Q8) What do you think is the cause for this discrepancy between the design life and the service 

life of asphalt pavements in your state? [mark all that apply] 

Results from state DOTs show that the majority of the discrepancies are attributed to the traffic volume 

being underestimated during the design phase and using deficient construction materials, although 

other reasons were also selected in this question (Figure 2.8). Results from Idaho, however, indicate that 

observed discrepancies are mainly attributed, by ITD participants, to the usage of deficient construction 

materials.     

ITD DOTs 
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Figure 2.8 Cause for this discrepancy between the design life and the service life of asphalt pavements 

 

● Q9) Who performs the acceptance testing (testing used for acceptance and payment) during the 

asphalt material production and paving?  (select all that apply) 

Figure 2.9 shows that the DOT and third party contracted by the DOT are the two major acceptance 

testing performers across the state DOTs. However, in Idaho the prime contractor and then a third party 

contracted by ITD are believed to be performing the tests. In Idaho, prime contractors and third party 

contracted by the prime contractor collectively account for 48% of acceptance testing cases, which is 

significantly higher compared to other state DOTs.  

 

Figure 2.9 Party performing the acceptance testing during the asphalt material production and paving 

ITD DOTs 

ITD DOTs 
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● Q10) Is contractor QC test data used in your state DOT to determine contractor payment during 

the construction of asphalt pavements? 

As demonstrated in Figure 2.10 more than half of answers from state DOTs and ITD (52% and 57%, 

respectively) indicate that the prime contractor QC test results are used to determine prime contractor 

payment but nevertheless, 44% and 30% of answers from state DOTs and ITD, respectively, show that 

QC results are not being used. Obviously, there is a discrepancy in engineers’ perception in this case too, 

which points to a need for further training. 

 

Figure 2.10 Whether or not contractor QC data is used to determine contractor payment during the 

construction of asphalt pavements  

 

● Q11) Have you ever detected that the mix design and volumetric testing data reported prior to 

and during construction might not be representative of the actual material used in paving? 

Results from state DOTs indicated that half of the participants believe the mix design and volumetric 

testing data reported prior to and during construction may not represent the actual material used in 

paving. This percentage is much larger in Idaho, where 63% of answers indicate reported data may not 

be representative of the actual materials used (Figure 2.11).  
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Figure 2.11 Whether or not employees ever detected that the mix design and volumetric testing data 

reported prior to and during construction might not be representative of the actual material used in 

paving 

 

● Q12) What was the basis? [mark all that apply] 

Both state DOTs and ITD results show that data analysis by the state DOT and personal observations 

were the basis for detection of mix design and volumetric testing data reported prior to and during 

construction not representing actual materials used in paving (Figure 2.12).  
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Figure 2.12 Basis for misrepresentation observed in Q11 

 

● Q13) Which, if any, measures does your agency adopt to ensure the accuracy of mix design and 

volumetric testing data? [mark all that apply] 

Both state DOTs and ITD results demonstrate that the use of independent assurance agents is a 

commonly used practice to ensure the accuracy of mix design and volumetric testing data (Figure 2.13). 

Also, state DOTs’ results indicated a higher percentage of using “QA team works in conjunction with 

volumetric testing”, as compared to the ITD results, to ensure the accuracy of mix design and volumetric 

testing data. 
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Figure 2.13 Measures adopted to ensure the accuracy of mix design and volumetric testing data 

 

● Q14) Has your department ever attempted to detect/investigate potential manipulation of mix 

design and material testing data? 

As demonstrated in Figure 2.14 half of the answers from the state DOTs indicated that they attempted 

to detect/investigate potential data alterations/corrections, whereas the majority (71%) of ITD 

participants believed that the agency attempted to detect/investigate potential data 

alterations/corrections. Idaho results are particularly interesting since only a small portion of answers 

(2%) show no action from ITD and the remaining participants are simply unaware. Interestingly, these 

findings show the same pattern to those in Q11 where the majority of answers showed that the mix 

design and volumetric testing data reported prior to and during the construction might not be 

representative of the actual material used in paving (Figure 2.11). This might point to a higher 

awareness of ITD engineers when it comes to detection of data alteration/correction in asphalt 

pavement projects. 
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Figure 2.14 Whether or not agency attempted to detect / investigate potential manipulation of mix 

design and material testing data 

 

● Q15) What are the parameters that are most likely to be manipulated while mix design and 

material testing data is reported for agency approval? Please note that the options presented 

below pertain to standard asphalt mix volumetric tests [mark all that apply] 

This question tackles a very important issue of which parameters are being altered/corrected the most. 

Figure 2.15 shows that, for state DOTS, the percentage passing No. 200 sieve, submerged weight of puck 

in water, and submerged weight of bowl and sample are the most likely parameters to be 

altered/corrected, although a majority of participants believed there are other parameters that are 

frequently altered/corrected. For ITD, the submerged weight of bowl and sample, weight of puck at SSD 

condition, percent passing the No. 200 sieve are most likely parameters to be altered/corrected. 

Nevertheless, results from ITD and state DOTs indicate that all listed parameters are likely to be 

altered/corrected while material testing data is reported to the agency for approval and pavement.  
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Figure 2.15 Most likely parameters to be altered in reported mix design and material testing data  

 

● Q16) What reason do you think might explain possible manipulation of mix design and 

volumetric testing data? [mark all that apply] 

Both ITD and state DOT results show that the most likely reason behind the data alteration/correction is 

the pressure to affect the payment factor in favor of the prime contractor (Figure 2.16). While in state 

DOT responses the next highly answered item is “not sure”, ITD participants are better informed of why 

data alteration/correction exists. The two other most likely reasons behind data alteration/correction in 

Idaho is to avoid scrutiny or conflict over results from the prime contractor and the unwillingness to 

reconduct the test. In other states, unwillingness to reconduct the test and “other reason” were most 

likely explanations for data alteration/correction. Least frequently selected reasons of why data is 

altered/corrected in both ITD and state DOT responses are “pressure to affect the payment factor in 

favor of the department” and “concerns regarding loss of testing qualifications”. The latter is an 

interesting finding given anecdotal evidence shows that lab technicians list losing qualification as a 

reason compelling them to alter/correct material test results. 
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Figure 2.16 Reasons that employees think might explain possible alteration of mix design and 

volumetric testing data 

 

● Q17) Does your agency have structured ethical frameworks (e.g., a Code of Conduct), and do 

they provide training to ensure employee comprehension and facilitate compliance? 

Majority of the answers indicate that ITD and state DOTs do have a structured ethical framework and 

provide training to employees (Figure 2.17), however, the proportion of positive answers to this 

question in state DOTs is much higher than in Idaho (65% in other states compared to 43% in Idaho). 

This indicates the need for providing structured ethical frameworks (e.g., a Code of Conduct), and more 

frequent training for employees in Idaho to ensure their comprehension and facilitate compliance. We 

also point out that the number of ITD participants is twice as much as state DOTs.  

ITD DOTs 
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Figure 2.17 Whether or not agencies have structured ethical frameworks and provide training to 

ensure employee comprehension and facilitate compliance  

 

● Q18) Do these ethical frameworks apply specifically to material testing? For instance, data or 

source material tampering, deviations from procedure while reporting written execution, 

purposely changing conditions between tests, etc.? 

Of those who answered positively to Q17 (that their agencies have structured ethical frameworks and 

provide training to ensure employee comprehension and facilitate compliance), 74% of the ITD 

participants confirmed that the ethical frameworks do apply specifically to material testing while in state 

DOT responses a little more than half of answers (56%) indicated that the ethical frameworks do not 

specifically relate to material testing (Figure 2.18).    

 

ITD DOTs 



 

Statistical Analysis of 2018 HMA Production Data 58 
 

 

Figure 2.18 Answers to whether these ethical frameworks apply specifically to material testing or not 

 

● Q19) If you ever observed an ethical violation in material testing, who did you report it to? 

[mark all that apply] 

Results from state DOTs indicate that in case of observing ethical violation in material testing reports, 

employees most likely report to their manager or supervisor. In Idaho employees tend to report such 

instances to their supervisor, manager, or peer/colleagues as demonstrated in Figure 2.19.     
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Figure 2.19 Parties to whom employees report the observed ethical violation in material testing 

● Q20) If you observed but did not report ethical violations, why did you not make a report of the 

violations? [mark all that apply] 

Only one employee from Idaho stated that he/she has observed an ethical violation in material testing 

and did not report this instance in Q19. Figure 2.20 shows this information, and demonstrates that the 

employee had other reasoning for not reporting (no additional information was provided). 
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Figure 2.20 Reasons for not making a report of ethical violations 

 

● Q21) Was your concerns taken seriously? 

In Q19, if an employee selects one of the first 10 answers, this means that he/she had reported an 

instance of ethical violation in material testing and therefore are asked to respond to Q21. As shown in 

Figure 2.21, 80% of such reports were taken seriously in state DOTs, but in Idaho only 55% were taken 

seriously and around 14% were not considered serious by the person in charge. It is important to realize 

that these responses are associated with the perception of the participants, but nevertheless, this 

survey indicates that more emphasis and action should be taken to identify unexpected outcomes in 

Idaho. 
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Figure 2.21 Whether or not reported employees’ concerns were taken seriously 

 

● Q22) Who was receptive to your concerns? [mark all that apply] 

As shown in Figure 2.22, the answers here are almost identical to Q19 where, in state DOTs, employees 

most likely report such violations to their manager or supervisor and find them most receptive to the 

concerns; and in Idaho, employees tend to report such instances to their supervisor or peer/colleagues, 

who are most receptive to the employee concerns. 
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Figure 2.22 Parties receptive to employee concerns 

 

● Q23) Irrespective to the testing laboratory (contractors and state), which option do you think is 

correct? [mark all that apply] 

Interestingly when employees were asked about potential drivers for altering/correcting material testing 

data, a large proportion of state DOT employees were either unsure about the reason (37.5%) or they 

mentioned that this was not applicable to them (20.8%). Selection of these choices was much lower in 

Idaho (Figure 2.23) and the majority of ITD employees stated that either employees follow 

recommendation from the prime contractor to alter volumetric testing data or they do it on their own. 

Although in lower percentage, state DOT participants also selected these two choices. 
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Figure 2.23 Answers to what employees think of how data alternation occurs 

 

Discussions about ITD results and perception of ITD engineers 

An in-depth and analytical survey of the ITD engineers and other DOT engineers about the state of 

practice and engineers’ perception of the prevalence of suspicious activities in DOT-sponsored projects 

was conducted. Results of the survey demonstrated that ITD engineers’ perception is that asphalt 

pavements most often do not meet their original design life in Idaho. More specifically, more than half 

ITD responses indicated that the service life of asphalt pavements in Idaho ranges between 1/3 of the 

original design life and shorter than the original design life. A majority of other state DOT engineers, 

however, indicate that their asphalt pavements do meet their original design life. We suggest caution in 

comparing the results between ITD survey and other state DOTs survey, as ITD engineers were most 

willing to participate in the study. We are certain that ITD engineers were more engaged in light of the 

recent federal investigation into materials testing activities in Idaho, among other reasons, but remain 

uncertain why other state DOTs did not participate to the level that can sustain confidence in the 

perceived trends. We note that this is a sensitive topic, and we can relate to the reservation of some 

engineers to share their beliefs. It is impossible for the research team to pinpoint the exact reason(s) for 

the corrections made. 

The cause for the perceived discrepancy between the design life and the service life of asphalt 

pavements in Idaho is believed to have mainly stemmed from usage of deficient construction materials. 

In Idaho, survey results show that the prime contractor followed by a third party contracted by ITD 

ITD DOTs 
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performed the acceptance testing during the asphalt material production and paving. Results also 

indicated that the usage of prime contractor QC test data to determine prime contractor payment in 

Idaho is higher in comparison to other states. The use of prime contractor test results in Idaho, as 

opposed to the usage of transportation department test results in other states for acceptance testing, 

could have contributed to having shorter than the original design life. We note that ITD has changed its 

project payment and acceptance practice in 2020. 

In both Idaho and other state DOTs, it was observed that the mix design and volumetric testing data 

reported prior to and during construction was not representative of the actual material used in paving 

(perception of participants and not necessarily facts). However, the proportion of positive answers 

(reported data not representing actual used materials) in Idaho was greater than other state DOTs. The 

bases of this belief in Idaho were data analysis by ITD and personal observations. This is in accordance 

with the basis of observation in all other states. To ensure the accuracy of mix design and volumetric 

testing data, different methods were used in both Idaho and all other states but the most common one 

was data analysis by the state DOT. We remain hesitant in comparing ITD results with other state DOTs, 

but survey results indicate potential higher occurrence of data alteration/correction cases in Idaho. We 

suspect that conducting more analyses and attempts to detect/investigate potential data 

alteration/correction cases in Idaho as compared to other states corresponds to the higher rates of 

perceived data alteration/correction cases in Idaho. This might be a matter of more awareness in Idaho, 

but further investigation is required to prove this theory right or wrong. 

Survey results indicated that the submerged weight of bowl and sample, weight of puck at SSD 

condition, and percent passing the No. 200 sieve are the most likely parameters in Idaho to be 

altered/corrected when mix design and material testing data is reported for agency approval. Therefore, 

close scrutiny of these parameters by ITD can potentially identify data alteration/correction cases. In 

state DOT results, the percentage passing No. 200 sieve, submerged weight of puck in water, and 

submerged weight of bowl and sample are the most likely parameters to be altered/corrected, 

respectively. Both in Idaho and other states, the pressure to affect the payment factor in favor of the 

prime contractor was considered as the most likely reason to why data alteration/correction occurs. The 

two other most likely reasons behind data alteration/correction in Idaho was to “avoid scrutiny or 

conflict over results from the contractor” and the “unwillingness to reconduct the test”.  

To ensure employee comprehension and facilitate compliance, both Idaho and other state DOTs have 

structured ethical frameworks (e.g. a Code of Conduct), and they provide training to employees. 

However, the proportion of employees responding positively to the existence of such frameworks and 

training in their department in other state DOTs is much higher than that in Idaho (65% in other state 

DOTs compared to 43% in Idaho). This emphasizes the need for more frequent training in Idaho to 

ensure employees comprehension and facilitate compliance. Further analysis shows that ITD ethical 

frameworks apply specifically to material testing as opposed to a majority of answers received from 

state DOTs indicating otherwise. 
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Results show that upon observation of ethical violations, almost all instances of violations are reported. 

Results from other state DOTs, indicate that in such cases, employees most likely report violations to 

their manager or supervisor. In Idaho, employees tend to report such instances to their supervisor or 

peers/colleagues. Interestingly, although a significant percentage of these cases (80% of such reports) 

were taken seriously in other state DOTs, in Idaho, only 55% were perceived to have been taken 

seriously and around 14% were perceived to have not been considered seriously by the person in 

charge. We caution against comparison of ITD results against those of other state DOTs, but these 

findings in Idaho alone provide a clear need for further training and developing structured frameworks 

nd protocols to address employee concerns. Also, a majority of ITD respondents stated that either 

employees follow recommendation from the prime contractor to alter/correct volumetric testing data 

or they do it on their own.  These results provide in-depth information about the current practice at ITD, 

and help develop a consistent, rigorous QA platform across the state. This survey will also create a 

baseline to design further training activities for ITD engineers. 
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3. Prevalence of Data Changes in ITD HMA Paving Projects  

Introduction 

This chapter presents details on the development of a logic-based algorithms to learn the patterns in the 

audit trail of the material test results for several HMA projects that classify the observed data 

corrections into Plausible Correction (P.C.) and Unexplained Correction (U.C.) and presents and discusses 

the results all with the goal of increasing the confidence in the data reported. To avoid inherent bias, 

this report uses “Entity 1” and “Entity 2” to refer to ITD and prime contractor reported data, not 

necessarily in any particular order. In other words, it has not been disclosed to the reader whether 

Entity 1 represents data from the agency or prime contractor. The same is the case for Entity 2. It is 

important to note that each entity may hire a third-party contractor to do materials testing on its behalf.  

Objectives 

The objective of this research was to classify HMA construction audit trail data into green (P.C.) or red 

(U.C.) zone. Probable data changes may lead to not only financial losses but also poorly paved roadways. 

Alongside the classification task, the possible monetary loss associated with unexplained changes of 

material testing report data in multiple HMA projects across Idaho was calculated, the results of which 

are presented in Chapter 4.   

Research goals in this chapter include: 

i. Analysis of audit trail data for manual detection of patterns in material testing data reports 

ii. Development of a logic-based algorithm to classify multiple data entries for each parameter in 

construction projects’ audit trail data to P.C. and U.C. 

iii. Summarizing the extent of data changes in projects with available audit trail data 

 

Research tasks carried out to accomplish the above described goals were: 

1. Data organization and cleaning: the spreadsheets including the audit trail data were sent to the 

research team from ITD. The audit trail recorded all instances for data entry from material 

testing results. The dataset was large in volume and needed proper “organizing” before the 

application of logic-based algorithms. The data was organized and imported to a MATLAB 

computer program for further analysis. Additionally, more data (test summary, lot information, 

volume of material, etc.) was organized or the later part of the analysis, which we will present in 

Chapter 4. 

2. Development of algorithmic logics: At first, one project data was examined manually to untangle 

the general trend of data correction. This resulted in several cases of probable typing errors as 

well as some cases of unexplained changes. Subsequently, more projects were manually 
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analyzed to see if such patterns exist in different projects, and if there are other patterns in the 

corrected data. Later, these findings were converted to if/else cases and assembled to an 

algorithm to detect similar cases for all projects.  

 

Audit Trail Data and Correction Monitoring 

A forensic case study by FHWA published in 2018 highlighted inconsistencies between mix design 

parameter data reported by prime contractors as compared to those collected by ITD (see Appendix A). 

From this forensic study there were unexpected findings. This prompted ITD staff to determine why 

results were unexpected. The ITD staff, without specifically being sanctioned by ITD, encoded a VBA 

(Visual Basic for Applications) macro into the Excel materials testing reports to register all data entries 

for certain key parameters in each test. All material testing data were captured through these Excel files, 

which also recorded a sequence of data corrections for certain parameters. This practice provided 

extensive and invaluable information about data corrections in material testing reports.  

 

This quality assurance audit trail data presented the opportunity for the research team to review all the 

corrections for any reported parameter. While various reasons can explain data corrections, and the 

research goal is not to investigate or to determine the reasons behind data corrections, but the worst-

case scenario corresponds to the situation where data changes directly increased pay factors or helped 

pass substandard quality work. 

Quality Assurance Audit Trail Data 

The material testing spreadsheets including the audit trail data were acquired from ITD for 15 HMA 

projects completed in Idaho during the year 2018. These spreadsheets consisted of an internal audit trail 

macro to record the sequences of changing parameter values in the background (not visible to the 

operator). Figure 3.1 shows a screenshot of a typical data input file to record material testing data. For 

example, if an operator inputs the value (2122.9 in this case) for Mass of bowl (red box) for increment 1 

(blue circle), that value is recorded under $U$32 (corresponding cell number for mass of bowl 

(increment 1) in the Excel file). If the operator deletes the value (2122.9) and registers a new value 

(2500 for example) both values are registered under $U$32 in the audit trail with the corresponding 

time stamp.  
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Figure 3.1 Audit trail file to record material testing data 

 

The dataset has several unique characteristics: 

i. Material test reporting Excel files had a VBA script embedded, which had a unique ability to 

record each data entry typed in the Excel sheet. This develops a chronological record of all 

values entered into the spreadsheet in the form of an audit trail. Inspection of this audit trail 

can give a clear picture of how the test results were recorded. Figure 3.2 shows a screenshot 

of the audit trail file for one of the projects. Note that all identifying information, such as 

project name, test date, test time, testing lab, among others, have been removed from the 

figures in this manuscript to ensure the anonymity of the testing/reporting entities. 
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Figure 3.2 Screenshot of the audit trail file showing data corrections in the spreadsheet 

 

ii. Audit trail data was available for both QC as well as acceptance tests. In other words, 

records of data entries were available for certain projects irrespective of whether the tests 

were performed by the prime contractor (or a third-party testing laboratory hired by the 

prime contractor) or ITD (or a third-party testing laboratory hired by ITD). As already 

mentioned, the primary objective of the current research was to study the data correction 

patterns during HMA QC and acceptance testing. The discussions in this manuscript do not 

focus on whether the data corrections were carried out by representatives of the prime 

contractor or ITD.  

iii. All parameters that would affect the payments of each project were also provided, which 

are listed in Table 3.1. There is a total of 27 different parameters that affect payment. They 

are categorized into three different categories (major/moderate/minor).  

iv. Payment affecting parameters are similar for both department and prime contractor-

reported data (Table 3.1). However, parameters that affect Density are only reported by the 

ITD data. Those parameters are enlisted in Table 3.2. These parameters are monitored by 

ITD to decide whether or not a particular asphalt mix meets specifications (VMA and Air 

Voids), and also whether or not a constructed pavement section has been adequately 

compacted (main line density). Reading 1 and 2 and Device Used are reported more than 

one time for each lot. So, if there are 2 tests in lot 1, then for reading 1, test 1 and 2 values 
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would be registered in cell $AC$37 and $AC$38, respectively. Basically, there are only three 

parameters (Reading 1 and 2, Device used) in the density-related data.   

v. Total number of material testing parameters (department/prime contractor/density) is 

summarized in Table 3.3. 

 
Table 3.1 Material Testing Parameters and Their Impacts on Pay Factor Related Parameters 

Cell Description 
Voids in the 
Mineral 
Aggregate (VMA) 

Air 
Voids 

Density 
Major/ 
Moderate/ 
Minor Effect 

Mass of Bowl (Increment 1) ($U$32) Yes Yes Yes Major 

Mass of Bowl and Sample Dry (Increment 1) ($U$33) Yes Yes Yes Major 

Submerged Weight of Bowl and Sample (Increment 1) ($U$37) Yes Yes Yes Major 

Submerged Weight of Bowl (Increment 1) ($U$38) Yes Yes Yes Major 

Mass of Bowl (Increment 2) ($Z$32) Yes Yes Yes Major 

Mass of Bowl and Sample Dry (Increment 2) ($Z$33) Yes Yes Yes Major 

Submerged Weight of Bowl and Sample (Increment 2) ($Z$37) Yes Yes Yes Major 

Submerged Weight of Bowl (Increment 2) ($Z$38) Yes Yes Yes Major 

Mass of Puck Dry (Specimen 1) ($U$61) Yes Yes No Major 

Submerged Weight of Puck in Water (Specimen 1) ($U$62) Yes Yes No Major 

Weight of Puck SSD (Specimen 1) ($U$63) Yes Yes No Major 

Mass of Puck Dry (Specimen 2) ($Z$61) Yes Yes No Major 

Submerged Weight of Puck in Water (Specimen 2) ($Z$62) Yes Yes No Major 

Weight of Puck SSD (Specimen 2) ($Z$63) Yes Yes No Major 

Mass Basket Assembly ($S$111) Yes No No Moderate 

Mass Basket Assembly & Initial Sample ($S$112) Yes No No Moderate 

Mass Basket Assembly & Final Aggregate ($S$114) Yes No No Moderate 

Ignition Furnace Correction Factor ($S$116) Yes No No Moderate 

Calibration Factor ($AP$114) Yes No No Moderate 

Uncorrected Binder Content ($AP$115) Yes No No Moderate 

Pan Mass ($N$128) Yes No No Minor 

Mass Pan and Initial Sample ($N$129) Yes No No Minor 

Drying Cycle 1 Mass Pan and Sample ($Z$129) Yes No No Minor 

Drying Cycle 2 Mass Pan and Sample ($Z$130) Yes No No Minor 

Drying Cycle 3 Mass Pan and Sample ($Z$131) Yes No No Minor 

Drying Cycle 4 Mass Pan and Sample ($Z$132) Yes No No Minor 

Drying Cycle 5 Mass Pan and Sample ($Z$133) Yes No No Minor 

 

Table 3.2 Material Testing Parameters (Density) and Their Impacts on Pay Factor Related Parameters 

Cell Description 
Voids in the Mineral 

Aggregate (VMA) 
Air Voids Density 

Major/Mino
r Effect 

Reading 1 ($AC$37-$AC$61) No No Yes Major 

Reading 2 ($AG$37-$AG$61) No No Yes Major 

Device Used ($X$37-$X$61) No No Yes Major 



 

Statistical Analysis of 2018 HMA Production Data 71 
 

 

Table 3.3 Total Number of Material Testing Parameters 

Parameter Type 
Total Number (Department and Prime 

contractor) 
Total Number (Density) 

Parameters with Major Impact 14 3-75 

Parameters with Moderate Impact 6 0 

Parameters with Minor Impact 7 0 

 

Plausible Corrections, P.C. 

P.C. is defined as the incidents in which values were likely not changed deliberately. The most likely 

cause of such changes was mistyping while entering the data from paper reports into the Excel files. To 

identify P.C. incidents, 7 different scenarios where considered that are comprised of: 

● Case 1: One digit may be pressed instead of a neighboring key 

While typing a digit, there is always a chance that another digit is mistakenly pressed instead of the 

desired number. For this analysis, a keypad like that of Figure 3.3 was considered, because in most of 

the desktop computers the keypad has this format. Here, all the possible cases that can happen when 

typing a number was considered. 

 

 

Figure 3.3 Plausible correction (case 1) 

 

Usually, the neighboring keys surrounding a particular key have the highest probability of being 

mistakenly pressed. As in Figure 3.3a, if number 5 is considered, the closest buttons to 5 are 2, 4, 6, 8. It 

was assumed that the probability of mistakenly pressing any of these digits instead of 5 is the same. 

Similarly, for number 8 (Figure 3.3b), the closest keys are for numbers 5, 7, and 9. An algorithm was 

(a) (b) 
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developed to label the repetition as P.C. if the number of repetitions is only one (there has been a 

change only from the 1st case to the 2nd case) and only one digit (at any position) is changed. This 

method is considered for all numbers from 0 to 9, and a series of neighboring possibilities are 

considered in each individual possible case.  

The algorithm first separates each digit of a number. In the next step, the algorithm does an element by 

element comparison and tries to identify if the changed digit fits in the closest neighboring category.  In 

Figure 3.4, for example, the number of changes/repetitions is only one and it is for one digit only (2250.7 

versus 2251.7). The algorithm eliminates all the similar digits between the two entries except for the 4th 

digit. Then, a comparison is made for the unmatched digit, which is 0 versus 1, in this case. Since 1 fits in 

the adjacent neighboring rule of 0, this is considered a P.C. 

 

 

Figure 3.4 Plausible correction (case 1)—example 

 

● Case 2: One or two digits were missed while typing 

A very common scenario of P.C. is 1 or 2 digits were missed when trying to type quickly or simply 

because the desired digit was not pressed properly. An individual might want to press 123, but instead, 

he/she presses 13 and misses 2. This is a clear case of an honest mistake or P.C. Figure 3.5 shows an 

example of a missed digit case of a P.C. The typist tried to insert 2236.2, but instead, he/she initially 

typed 236.2 missing the digit 2, and later corrected it. 

 

An element-wise comparison is simply not possible in this case because the missing number can be any 

digit at any place. The logic that was used here is that if the 2nd entry is smaller than 80% or larger than 

120% of the first input, then it is a P.C. Usually, U.C.s are around the vicinity of the actual value, but are 

corrected to return a better result. When the two values are too far apart, it is most probably a P.C. 

case. Generally, if a number is missed, the first entry becomes much smaller than the final or corrected 

entry. Hence a percentage difference can help determine this case. However, there is no fixed 

percentage threshold that can be specified to accurately determine the missed number case, but 

through the manual analysis of data, the appropriate threshold was found to be 20% above or below the 

final entry.  In this case, the change would be considered as a P.C. only if the number of repetitions is 

only one. 
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Figure 3.5. Plausible correction (case 2)—example 

 

● Case 3: Order of digits were reversed while typing 

A very common case of P.C. is typing digits in the wrong order, for example, 34 instead of 43. Figure 3.6 

depicts a case of order of digits being reversed when typing. The user wanted to type 1243.6, but 

instead, he/she typed 1234.6.    

 

 

Figure 3.6 Plausible correction (case 3)—example 

 

● Case 4: Exact same value was typed twice 

The initial inspection of the dataset showed that, in some cases, the exact same value was entered twice 

for a single parameter. This happened quite often. A logic was added in this algorithm to identify this 

type of P.C., as in Figure 3.7. 

 

 

Figure 3.7 Plausible correction (case 4)—example 

 

● Case 5: Cell was empty at first and was filled in the second entry 

Manual inspection revealed some cases where the cell was empty at first, but it was filled later. A 

possible reason might be that the VBA script records everything, even a single click, as an input while 

nothing was actually entered. The user then inputted the actual entry, as demonstrated in Figure 3.8 

which is considered as another case of P.C. 

 

 

Figure 3.8 Plausible correction (case 5)—example 

 

● Case 6: Digits that are hand-written similarly 
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Another case of P.C. is the numbers that look alike in handwriting can be entered instead of one 

another. Test results are usually logged in a paper sheet and are later digitized into the ITD provided 

Excel file. It is evident that handwriting would not be similar for all people, and there is a possibility of 

typing a digit instead of the actual digit due to their similarity in handwriting. For instance, 1 might look 

like 7 or 9 in the handwriting of various people (Figure 3.9). Another combination can be 6/8/0. In any of 

these combinations, it is essential that the number of repetitions must be only one. If the number of 

repetitions is more than one, it is more likely to be an U.C. case. 

 

 

Figure 3.9 Look-wise case of plausible correction 

 

Figure 3.10 shows a change of digit from 6 to 8, which is most probably a P.C. 

 

 

Figure 3.10 Plausible correction (case 6)—example 

 

There is a point of argument here that this can fit in both cases, that the number was changed 

deliberately, or a simple look wise mistake has occurred. It is not possible to state with certainty that 

this is a P.C. or a U.C. case, since this is a subjective issue. It was concluded that if the number of changes 

is more than 1 (more than 1 repetition) the likelihood is higher toward U.C., whereas if the number of 

changes is only one, it aligns well with the P.C. case. Figure 3.11 shows a case where the changes could 

have been categorized as look wise error, but since the number of changes was more than one, this is no 

longer considered a P.C. case and it rather falls into a U.C. case. 
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Figure 3.11 Plausible correction (case 6)—example 

 

● Case 7: Difference between two entries is too high 

There have been some cases where the difference between two successive entries is too high. These 

incidents can also be differentiated through the percentage calculation. If the first entry is less than 80% 

or greater than 120% of the 2nd entry, then the change is likely a P.C. There might be several reasons for 

this P.C. case, including reporting a parameter value for another parameter or reporting the parameter 

value from one test/sample to another test/sample. 

 

Figure 3.12 is a clear example of a large difference between successive entries, which can be considered 

as a P.C. Here the 2nd entry was less than 50 percent of the first case (4655.4 versus 2150.6), so this is 

most probably a P.C. case. 

 

 

Figure 3.12 Plausible correction (case 7)—example 

 

Unexplained Corrections, U.C. 

U.C. is defined as the incidents of corrected values that could not be attributed to typographical and 

other cases of mistakes, after exhaustive consultation with advisors and engineers. Such corrections 

may have been done intentionally to reach a desired value, potentially change the payment, and/or 

modify a certain test outcome, although investigating the factual causes of such changes is beyond the 

scope of this research. To identify U.C. incidents, 4 different scenarios were considered that are 

comprised of: 

● Case 1: Changing values in a pattern or following a combination 

U.C. cases mostly followed a pattern of change. In most cases, the number of changes is more than one, 

and the values are changing by a value of 1/2/10 in the positive or negative direction. Figure 3.13 

presents a clear indication of a U.C. case. Here, the total number of changes is 6 times. The value was 

increased in the first two cases, reduced on the 3rd and 4th corrections, but then in the final two 

incidents, it increased again. 



 

Statistical Analysis of 2018 HMA Production Data 76 
 

 

 

Figure 3.13 Unexplained correction (case 1)—example 

 

● Case 2: Decimal values are eliminated 

In some U.C. cases, the digits after the decimal point are eliminated (e.g. Figure 3.14). In general, this 

might be a very small change, but even small changes in HMA samples can have high impacts. Therefore, 

these cases are also considered as U.C. in this algorithm. 

 

 

Figure 3.14 Unexplained correction (case 2)—example 

 

● Case 3: Parameter values were changed but returned to the initial value 

A clear case of correcting data is presented in Figure 3.15, where the values were changed but later 

returned to the original value. Here, initially, the value was entered as 1945.4, which was changed to 

1943, but later brought back to 1945.4. Although the value did not change, this was considered as 

exploring values potentially for the wrong reasons and labeled it as U.C. We note, however, that this 

case does not leave a monetary impact. This has been taken into consideration when calculating 

monetary impacts of changes in Chapter 4. 

 

 

Figure 3.15 Unexplained correction (case 3)—example 
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● Case 4: Parameters were first assigned a value but finally changed to zero or removed entirely 

There have been times, especially for parameters with small values, that the values were completely 

deleted or replaced with a value of zero. For example, in Figure 3.16, for sample Test (1) the value was 

set to 0.26 and replaced with zero. This change was considered as U.C. 

 

 

Figure 3.16 Unexplained correction (case 4)—example 

 

Uncertain Cases 

Results indicated that there were incidents where the repetitions might fall in either U.C. or P.C. cases, 

an example of which is shown in Figure 3.17 (values changing from 4531.5 to 4532.5 and then to 

4530.5). The first change was from 1 to 2, which might be considered P.C. In the second change, the 

digit 2 was replaced with 0, which is likely to be a U.C. However, there is enough room for argument to 

fit these cases in other categories. But the number of changes can be informative here. It is unlikely that 

both cases were a typo, hence this case is considered as U.C. 

 

 

Figure 3.17 Plausible correction /unexplained correction (case 1)—example 
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Impact of Time Stamp 

Although U.C. cases generally occur in a relatively short period of time, a definite relationship between 

P.C./U.C. cases with time that can be explored in a computer code (Figures 3.18, 3.19, 3.20, and 3.21) 

could not be determined. Both categories have examples where a change occurred instantly or after 

some time. 

 

 

Figure 3.18 Plausible correction relationship with time—example 1   

 

 

Figure 3.19 Plausible correction relationship with time—example 2 

 

 

Figure 3.20 Unexplained correction relationship with time—example 1 
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Figure 3.21 Unexplained correction relationship with time—example 2 

 

Categorization of Repeated Entries to P.C./U.C. Using Logic-Based 

Algorithms 

This section describes the approach adopted to categorize the data corrections into two groups: (1) P.C. 

and (2) U.C., and to develop the logic-based algorithms. This was accomplished in several steps: 

I. The first step was to separate the repeated data from the non-repeated incidents. Non-

repeated data represent cases where no change in values was recorded for parameters in 

the input form. 

II. The second step involved manual inspection of all the repeated (corrected) data to identify 

any existing patterns. Data corrections identified through this approach were categorized 

into P.C. and U.C. 

III. The third step was to find general patterns in P.C. and U.C. cases.  

IV. A total of 7 and 4 general patterns were found for the P.C. and U.C. categories, respectively.  

V. Algorithmic logics were devised for each case, and computer codes were developed to 

automatically detect and categorize data value changes 

 

Development of algorithms and code was accomplished in several steps: 

 

1. Initially, all cells with repeated values (more than one entry for each parameter) associated with 

the pay affecting parameters in each project were identified (Figure 3.22). 
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Figure 3.22 Repeated data entry (third column) of pay affecting parameters (second column; e.g. 

$U$32) for tests in a project (first column; e.g. test (17)). Time of data entry is presented in column 4. 

 

2. Repeated cells are then separated per parameter name. In Figure 3.23, for example, parameter 

$U$32 (mass of bowl) is separated.  

 

Figure 3.23 Separation of cells based on parameter name 

 

3. For each parameter, one set of samples (i.e., tests) is then considered at a time. Figure 3.23 had 

both Test (17) and Test (22), but in this step, each set of samples was considered separately, i.e., 

Test (17) (Figure 3.24). 
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Figure 3.24 Separation of cells based on test/sample 

 

4. Cells are then run through a series of algorithms to determine cases of P.C. and U.C. based on 

the cases explained earlier. 

5. When there are multiple repetitions for a single parameter, each two consecutive entries (for 

instance, 1st and 2nd entry of a series of corrections) are considered a pair, and these pairs are 

run through the algorithms to be labelled P.C. or U.C. This is repeated for all pairs (e.g. 2nd and 

3rd, 3rd and 4th, and so on). Once the serial comparison is completed, the first and last entries 

are considered a pair, and a similar analysis is done. It is noted that there were some cases 

where the values were changed by a very small amount in every repetition, but this was done 

multiple times. In this case, each pair was labeled as P.C., but the comparison of first and last 

entries showed U.C. If the result is P.C. for all the pairs, the entire group is labeled as P.C. Upon 

detection of U.C., the entire group is labeled U.C. This procedure is visually represented in Figure 

3.25.  

 

Figure 3.25 Methodology for plausible correction/unexplained correction categorization 
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Results: P.C. vs. U.C. for Entities 1 and 2 

P.C./U.C. Classification 

The algorithms explained earlier were applied to all audit trail data from the available projects’ datasets 

(separately for entities 1 and 2) to determine P.C. and U.C. cases. For each project, the number of 

unique parameters that were corrected, and the total number of times those parameters were 

corrected were determined. Also, parameters with major/moderate/minor impacts on pay factor were 

separated to analyze whether or not one category might be more susceptible to correction than others. 

Figure 3.26 shows the total number of corrected parameters and frequency of corrections for project 

#1, as an example. Figure 3.26 shows the entity 1-reported statistics on the left side and the entity 2-

reported statistics on the right side. In this project and for major parameters in entity 1-reported data, 

there were a total of 32 unique parameters that fell within the P.C. cases, and these parameters were 

changed a total of 66 times (an average of roughly one change per parameter). A greater number of U.C. 

cases was observed for the entity 1-reported major parameters, with a total of 58 parameters being 

changed 211 times (an average of roughly 2.5 changes per parameter). The higher average number of 

changes for major parameters in the case of U.C. compared to P.C. (2.5 versus 1) implies that there 

might be some effort potentially to tune the parameter values to obtain certain outcomes. For 

moderate parameters in the P.C. category, 11 unique parameters were changed 25 times (an average of 

roughly 1 change per parameter), and in the U.C. category, 18 unique parameters were changed 60 

times (an average of roughly 3 changes per parameter). Finally, 18 unique minor parameters were 

changed 37 times for the P.C. category, and 24 parameters were changed 70 times for the U.C. category. 

It was observed that in this project, the number of changes for U.C. is roughly 2 times, or more, per 

unique parameter, whereas P.C. cases show roughly 1 change per unique parameter. While one may 

argue that this can be partly an artifact of the devised algorithms, careful manual investigation of 

P.C./U.C. categorized audit trail data confirmed that algorithms are performing accurately. We attribute 

this observation to the P.C. cases being unintentional, and if an error/mistake occurred, it is usually 

corrected in the second entry. This is, however, quite different for the U.C. cases due to the potentially 

intentional nature of the corrections as the operator might seek a certain outcome through changing 

parameter value. The parameters are indeed changed multiple (≥2) times, which resulted in a high 

number of changes for major/moderate/minor U.C. cases. 
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Figure 3.26 Number of occurrences of P.C./U.C. for project #1 

 

A similar trend is observed in the entity 2-reported data for this project. A total of 14 major parameters 

in the P.C. category was changed 28 times, and 30 major parameters in the U.C. category were changed 

182 times. In the case of moderate parameters in the P.C. category, 16 parameters were changed 36 

times, whereas in the U.C. category, 2 parameters were corrected 6 times. For minor parameters in the 

P.C. category, 22 parameters were corrected 45 times, and in the U.C. category, 18 parameters were 

corrected 49 times. Data correction seems to be less pronounced in the entity 2 data compared to the 

entity 1-reported data.  

 

This analysis was conducted on all available projects and the reports of their results are presented in 

Table 3.4.   
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Table 3.4 Unique and Total Number of Material Testing Parameter Changes 
P

ro
je

ct
 

N
u

m
b

e
r 

C
la

ss
if

ic
at

io
n

 C
at

e
go

ry
 

En
ti

ty
 1

-M
aj

o
r-

U
n

iq
u

e
 C

h
an

ge
s*

 

En
ti

ty
 1

-M
aj

o
r-

A
ll 

C
h

an
ge

s*
*

 

En
ti

ty
 1

-M
o

d
e

ra
te

-U
n

iq
u

e
 C

h
an

ge
s 

En
ti

ty
 1

-M
o

d
e

ra
te

-A
ll 

C
h

an
ge

s 

En
ti

ty
 1

-M
in

o
r-

U
n

iq
u

e
 C

h
an

ge
s 

En
ti

ty
 1

-M
in

o
r-

A
ll 

C
h

an
ge

s 

En
ti

ty
 2

-M
aj

o
r-

U
n

iq
u

e
 C

h
an

ge
s 

En
ti

ty
 2

-M
aj

o
r-

A
ll 

C
h

an
ge

s 

En
ti

ty
 2

-M
o

d
e

ra
te

-U
n

iq
u

e
 C

h
an

ge
s 

En
ti

ty
 2

-M
o

d
e

ra
te

-A
ll 

C
h

an
ge

s 

En
ti

ty
 2

-M
in

o
r-

U
n

iq
u

e
 C

h
an

ge
s 

En
ti

ty
 2

-M
in

o
r-

A
ll 

C
h

an
ge

s 

Project 1 U.C. 58 211 18 60 24 70 30 182 2 6 18 49 

Project 1 P.C. 32 66 11 25 18 37 14 28 16 36 22 45 

Project 2 U.C. 94 404 18 53 26 81 26 66 0 0 0 0 

Project 2 P.C. 29 64 14 30 17 41 11 22 0 0 0 0 

Project 3 U.C. 2 6 2 8 0 0 0 0 0 0 0 0 

Project 3 P.C. 10 20 3 6 0 0 0 0 0 0 0 0 

Project 4 U.C. 31 96 5 13 25 62 93 276 4 22 8 21 

Project 4 P.C. 9 18 4 8 2 4 15 30 6 12 8 16 

Project 5 U.C. 19 52 2 5 2 6 39 87 6 12 9 22 

Project 5 P.C. 10 20 1 2 5 10 48 98 18 37 30 63 

Project 6 U.C. 25 73 3 9 0 0 0 0 0 0 0 0 

Project 6 P.C. 11 23 1 2 1 2 0 0 0 0 0 0 

Project 7 U.C. 63 303 9 43 9 23 37 151 1 7 7 16 

Project 7 P.C. 17 36 6 12 11 22 16 39 3 7 3 6 

Project 8 U.C. 33 138 1 7 6 19 19 77 2 5 5 17 

Project 8 P.C. 13 26 7 14 7 14 13 26 3 6 6 15 

Project 9 U.C. 1 2 1 2 1 2 1 3 2 5 2 4 

Project 9 P.C. 5 10 1 2 1 2 2 4 7 14 2 4 

Project 10 U.C. 7 28 2 17 0 0 0 0 0 0 0 0 

Project 10 P.C. 0 0 0 0 0 0 0 0 0 0 0 0 

Project 11 U.C. 8 17 1 3 2 4 17 60 10 37 5 19 

Project 11 P.C. 8 16 11 22 4 9 13 28 5 10 4 9 

Project 12 U.C. 7 17 2 6 1 3 26 56 5 10 3 7 

Project 12 P.C. 4 8 3 7 0 0 3 6 2 4 5 10 

Project 13 U.C. 0 0 1 2 1 2 0 0 0 0 0 0 

Project 13 P.C. 1 2 0 0 0 0 0 0 0 0 0 0 

Project 14 U.C. 66 334 7 27 5 14 0 0 0 0 0 0 

Project 14 P.C. 20 41 11 22 5 11 0 0 0 0 0 0 

Project 15 U.C. 3 21 3 23 1 2 10 49 0 0 0 0 

Project 15 P.C. 0 0 2 4 1 2 3 8 2 4 0 0 

* Entity 1-Major-Unique Changes: Number of Unique Changes in parameters with Major impacts in Entity 1 

** Entity 1-Major-Unique Changes: Number of All Changes in parameters with Major impacts in Entity 1 
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Figures 3.27, 3.28, and 3.29 visually depict three example project results (projects #4, #7, #9).     

 

 

Figure 3.27 Number of occurrences of P.C./U.C. for project #4 

 

 

Figure 3.28 Number of occurrences of P.C./U.C. for project #7 

 



 

Statistical Analysis of 2018 HMA Production Data 86 
 

 

Figure 3.29 Number of occurrences of P.C./U.C. for project #9 

 

Summary 

In this research, we analyzed an audit trail dataset of material testing reports that registered all value 

entries in the submitted spreadsheets. Analyzing the series of changes in parameter values can provide 

important insights about the potential sources of discrepancies that are observed between the prime 

contractor test results and those of the ITD, as well as those of the original mix design. First, all the 

provided instances of changes in the parameter values were manually analyzed, and the general 

patterns in data reporting were determined. These instances were categorized into two general 

categories of Plausible Correction (P.C.) and Unexplained Correction (U.C.). Then, a logic-based 

computer algorithm was developed to automatically classify all instances of parameter value changes to 

P.C. and U.C. The performance of the automatic classification results from the computer algorithms 

were rigorously evaluated through manual inspection by various members of the research team. Results 

show that a total of 595 and 316 unique parameters were changed 2,268 and 660 times that can be 

categorized as U.C. and P.C., respectively, in entity 1-reported data. For entity 2-reported data, a total of 

387 and 280 unique parameters were changed 1,266 and 587 times that can be categorized as U.C. and 

P.C., respectively. Furthermore, results indicated that major parameters were corrected more than two 

times on average per parameter, with some changing more than five or six times. Parameter values for 

P.C. cases were mostly changed only one time.    
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Findings emphasize the necessity of an advanced cumulative approach to improve QC/QA process. An 

improved approach is needed to remove probable unethical course of actions and bring more rigor to 

the QC/QA analysis. In recent years and informed by this research, ITD has taken several steps to bring 

more rigor to the quality assurance processes as described in the Foreword.    
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4. Analyzing the Financial Impact of Unexplained Corrections 

Introduction  

We acquired a unique dataset of material testing reports for HMA construction projects in Idaho that 

recorded every instance of data entry in the material testing spreadsheet. Audit trail recording was 

conducted in the background with a VBA code, and was not apparent to the data reporting personnel. 

This provided a series of data entry for some material testing parameters, and showed data corrections 

in many parameters. It is expected that each parameter be reported as observed, and hence being 

reported only once, although typographical errors may result in multiple entries for some parameters. 

The patterns observed in some parameters in the audit trail data, however, cannot be simply explained 

as typographical errors. As described in Chapter 3, a series of logic-based algorithms was applied to 

categorize all instances of multiple (more than 1) data entry as either P.C. or U.C. The aim of this chapter 

was to analyze the financial repercussions and impacts of U.C. instances. It is plausible that data 

corrections can occur for monetary benefit or personal/institutional advantage, although such 

investigation is beyond the scope of this study. U.C. may also have occurred to obtain bonus payments, 

avoid repetition of faulty tests and works, and pass substandard work, among other reasons. The focus 

of this chapter was mainly to determine whether or not U.C. instances had an impact on pay factors, and 

if so, what is the extent of that impact, without recourse to the potential reasons for U.C. occurrence. 

After identification of the U.C., in this chapter, the monetary payment calculation procedures followed 

by ITD were replicated and lot-wise payments for various lots of HMA projects prior to and after data 

corrections were calculated. Ultimately, the potential overpayments are calculated and analyzed for 

various data corrections.           

Objectives 

The scope of the current chapter was to calculate the possible monetary impact (loss or gain for ITD) 

that may have occurred in HMA pavement projects due to these corrections in material testing reports. 

In the previous chapter, the U.C. instances were differentiated from the P.C. cases for multiple data 

entry values in volumetric testing reports. This chapter will demonstrate the possible range of economic 

impact of U.C. cases. The “required” payment to prime contractors were calculated if only the first 

acceptable instance of U.C. data entry was used. The assumption here is that the first U.C. data entry for 

each parameter represents that original measured value. The “required” payment was then compared 

to the payment based on the reported values (final U.C. instances). In all calculations, only the last entry 

for all P.C. instances were considered and the final reported values for the missing parameters were 

adopted. This is a conservative approach to calculating required payments, as missing values might also 

represent U.C. cases but had not been recorded in the excel file for a variety of reasons.  
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The basic procedure here was to go through the exact same calculation procedures followed by ITD for 

monetary calculation, quantify the payment-related parameters and associated payment for each lot in 

each project. To avoid inherent bias during the monetary analysis, this chapter uses “Entity 1” and 

“Entity 2” to refer to agency and prime contractor data, not necessarily in the same order. In other 

words, it has not been disclosed to the reader whether Entity 1 represents data from ITD or prime 

contractor. The same is the case for Entity 2. 

Monetary Calculation 

ITD follows a certain set of rules to determine the prime contractor payments for an HMA project. 

Several input parameters, like Mass of Bowl, Mass Pan and Initial Sample, and Calibration factor, are 

calculated while performing an HMA project. Once a test is completed, test results are grouped as lots 

based on certain tonnage of asphalt. Payment is finally calculated per lot. The required input parameters 

are translated into a group of asphalt mix design properties such as theoretical maximum specific gravity 

(Gmm), bulk specific gravity (Gmb), air voids (Pa), voids in the mineral aggregate (VMA) and voids filled 

with asphalt (VFA), among others. These mix design properties are then used as acceptance criteria at 

the start of the production. Out of these calculated mix design properties, three variables, namely Pa, 

VMA, and Mainline Density (percent compaction), are used for final payment calculation.  

Figure 4.1 illustrates the overall representation of the generic input parameters tested in the lab/plant 

and later converted to mix design properties. These spreadsheets are identified as “ITD-0777” form (see 

Appendix C). The input parameters are shown on the left-hand side, and the calculated mix design 

properties are located on the right-hand side. Generally, these calculations are done for two increments 

(Sample 1A and Sample 1B), which are then averaged, and the combined values of Air voids, VMA, and 

Mainline Density (percent compaction) are used for payment calculation.     
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Figure 4.1 Typical data input file for asphalt pavement projects 

 

Once the payment-related parameters are calculated for each test, tests are grouped to form a lot, and 

payments are calculated based on statistical tests on the lot data (which will be discussed later in this 

chapter). 

Lot Grouping 

Payment factors are calculated for each lot, but based on F and t tests from a group of tests that might 

include several lots. Grouping is done to enhance the diagnostic power of F and t tests. Statistical test 

results through this grouping practice determine whose test results should be used for payment 

purposes. For each lot, a few parameters define payment related calculations including “start of 

evaluation range” (lot number from where the evaluation would start) and “end of evaluation range” 

(lot number for which the payment would be calculated). For example, in Figure 4.2, for lot 2, the 

evaluation range started from lot 2 and also ended at 2. So, for this lot, no other lot is grouped for 

payment calculation. For lot 6, the evaluation started at lot 4 and ended at 6. So, all the tests from lots 4, 

5, and 6 would be grouped together for payment calculation of lot 6.   
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Figure 4.2 Lot evaluation range for payment calculation 

 

Test Statistics 

Mean and standard deviation values for Air Voids, VMA, and Mainline Density of a lot group both from 

ITD and prime contractor-reported data are calculated first. From those values, a pass/fail test check is 

done using F and t tests. If p-values for both Air Voids and VMA and for both F and t tests (four 

combinations) are below 0.05, then they pass the test. If data is passed based on both F and t tests for 

both Air Voids and VMA, then the project lot gets a green signal, and prime contractor data is selected 

for payment. If in any of these tests, p-value exceeds 0.05 (rejected), then the test fails, and the prime 

contractor’s data is unverified for the entire lot and is not used for acceptance and payment 

calculations; instead, the ITD-reported data is selected for calculating payment factor. As mentioned 

before, we refrain from pointing to prime contractor or ITD, and hence use entity 1 and 2, which might 

represent either of them. 

 

Percent Within Limits (PWL) 

The next step of the calculation of payment factor is the determination of PWL values. The lot average 

Pa, VMA, and Mainline Density values are considered, and through a series of calculations, PWL values 



 

Statistical Analysis of 2018 HMA Production Data 92 
 

are measured. The final payment factor for all three payment affecting parameters is computed 

through:  

 

𝑃𝐹 =
55 + 0.5 × 𝑃𝑊𝐿

100
 

Where: 

 𝑃𝐹 = 𝑃𝑎𝑦 𝑓𝑎𝑐𝑡𝑜𝑟  

𝑃𝑊𝐿 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑊𝑖𝑡ℎ𝑖𝑛 𝐿𝑖𝑚𝑖𝑡  

 

The final payment value is then computed for the lot, using: 

 

𝑃𝑎𝑦𝑚𝑒𝑛𝑡 =  𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑝𝑎𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑙𝑜𝑡 × 𝐶𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝑢𝑛𝑖𝑡 𝑝𝑟𝑖𝑐𝑒 

Where: 

 Composite pay factor = the weighted average of the individual pay factors 

 

Where: 

 𝑃𝑎𝑦𝑚𝑒𝑛𝑡 = 𝑃𝑎𝑦𝑚𝑒𝑛𝑡 𝑖𝑛 𝑈𝑆𝐷 

“Quantity represented by lot” = Total volume of asphalt pavement produced in the lot  

“Contract unit price” = Unit price to be paid to the prime contractor.   

 

Formation of Input Data for Monetary Calculation 

Two sets of data were created: first and last reported U.C. value, which was subsequently used for 

monetary impact analysis. With the hypothesis that the first “acceptable” U.C. value being the original 

value that was measured for a certain parameter, and the last value being the final reported value after 

corrections, the difference in payment calculations for these two cases is assumed to be the monetary 

impact of data correction in the material testing reports. As a reminder, three types of data are 

considered in this study: non-repeated data (one value is reported) and repeating data with P.C. and 

U.C. categorization (multiple data entry were recorded for each parameter). Since only the U.C. data can 

be held responsible for any sort of economic impact, first and last entry of the U.C. cases were selected. 

The P.C. and non-repeated cases do not have any influence on the monetary value, so they adopted 

their reported values. Also, any missing parameter value is assigned its reported value. 

As an example, in Figure 4.3, cell $U$62 (Submerged weight of puck in water; specimen 1) from Test (16) 

has three repetitions with a total of four values and falls in the U.C. category. Hence, the first value of 

2804.2 was selected for the first dataset (that was used for original payment calculation) and the last 

value of 2808.2 was selected for the second dataset (that was used for payment calculation after 

corrections). Cell $U$63 (Weight of puck SSD; specimen 1) from Test (10) falls in the P.C. category. So, 
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the final value of 4823 was picked for both datasets. For non-repeated cells, the single corresponding 

value was kept for both datasets. 

 

Figure 4.3 Sample classified plausible correction (P.C.) and unexplained correction (U.C.) data 

 

A Python code was generated to accomplish these steps. The code is designed to adopt the first and last 

values of U.C. and to take the last value of P.C. from the previously categorized audit trail data, and to 

take the final reported value for all non-repeating and missing variables. A sample of the newly 

generated dataset (which was subsequently used for payment calculation) is presented in Figure 4.4, 

where tests are presented in the rows and parameters/cells associated with each test in the columns. 

 

Figure 4.4 Input dataset for monetary calculation: rows show test number and columns 

represent parameter values associated with each test 
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This step, however, was associated with some challenges. There were instances in which the first or last 

U.C. and last P.C. data had an empty cell, which precluded us from calculating monetary values. These 

empty cells created unreasonably large, negative or NaN values for the target parameters (Air 

Voids/VMA/Mainline Density). Hence, some strategies were devised to fill empty values. For the first 

entry, if the value was empty, the second cell value was selected; if the second was empty, the 

algorithm looks for the next one and continued until it found a value. A similar process was done for 

obtaining the value of the last cell but in a reverse order. The cell value before the last cell was selected 

if the last one was empty. These steps were continued from the last cell backwards until the algorithm 

found a value. Figure 4.5 demonstrates a missing first entry for cell $U$37 (Submerged weight of bowl 

and sample; increment 1), for which the next value was adopted. 

 

 

Figure 4.5 Empty cell for some parameters 

 

Figure 4.6 demonstrates an example problem associated with having a NaN value for an input 

parameter. Because there were missing values for one of the cells, several calculations were not 

possible and resulted in NaN value (and/or empty cell) for Air Voids. Since secondary parameter values 

(payment-related parameters) depend on various primary parameters, lack of primary parameter values 

will preclude calculation of secondary values. 
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Figure 4.6 Effect of empty/NaN cells on calculated payment-related parameters 

 

This final dataset was used to test and apply the formulas from “ITD-0777” (see Appendix C) to evaluate 

the monetary values (payments based on first and last U.C. values). A code was prepared in MATLAB in 

this step, which replicated the original calculation flow of the “ITD-0777” file and calculated Air Voids, 

VMA, and Mainline Density values. To ensure the accuracy of calculations, another code was prepared 

at this step to plug in the parameter values directly into the “ITD-0777” file. This enabled calculation of 

the parameter values from the coded program and from the “ITD-0777” file. Several projects were 

cross-checked to ensure the calculated monetary values through the developed code and “ITD-0777” file 

were exactly matching. The direct monetary calculation through the developed code was much faster as 

it could automatically produce all the test parameters of a project. Figure 4.7 demonstrates the 

calculation of Air voids and VMA values for each test of a sample project through the direct calculation 

in the code. Similar values were obtained from the “ITD-0777” file.    
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Figure 4.7 Calculated Air Voids (column 2) and VMA (column 3) for an example project 

 

Figure 4.8 shows an example “ITD-0777” file where all the input values have been inserted, and 

calculations were done by the internal formulas of this sheet. Since this procedure is lengthy and can 

only be done for one test at a time, the developed code that replicates “ITD-0777” file was used for the 

remainder of the analysis. However, 3 tests were randomly selected from each project to cross-check 

individual test results with the previously discussed code produced results. 
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Figure 4.8 Calculation of air voids and VMA through ITD-0777 file 

 

Unavailability of Audit Trail Files 

Unfortunately, not all projects included audit trail files. Further, on many occasions, the audit trail files 

did not have the recorded values for all the tests of a project. Sometimes there were no audit trail files 

for neither entity 1 nor entity 2-reported data. Since data from both entities are needed for monetary 

calculation, the reported values from the project files that missed audit trail values were considered. 

Project #1 shown in Figure 4.9, for example, has a total of 101 tests from the entity 1-reported data, 

while in the audit trail file only provided data for 52 tests (Figure 4.10). All tests in the audit trail file 

from Test (1) to Test (50) were missing except for Test (47). For the monetary calculations, the reported 

values for the missing tests were used. The reported values were exactly the same in both input 

datasets, so they did not induce any monetary difference. But the available tests in the audit trail file 

showed a significant difference in the monetary values (shown later). 
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Figure 4.9 Total number of tests done for an example project (a) Test numbers 1-53 (b) Test numbers 

54-101 (project 1) 

  

(a) (b) 
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Figure 4.10 Available tests in the audit trail file for an example project 

 

Although the empty cells and missing audit trail values were successfully filled with the reported ones, 

we encountered some issues while trying to calculate the payment-related parameters. Issues included 

negative and unreasonably large secondary parameter values calculated based on the first U.C. primary 

parameters. Figure 4.11 shows an example of attempted monetary parameter calculation, where large 

negative Air Voids values was observed even after removing all the empty cells from the input 

parameter set. 
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Figure 4.11 Calculated negative air voids value 

 

We investigated the sources of those negative and unreasonably large values by referring back to the 

ITD-0777 source file. Through trial and error, the reasons for getting those unusual values were 

discovered, which are presented under different cases below. 

● Case1 

The first case was an input that was unreasonably smaller than an ideal/original value for a parameter 

(Figures 4.12, and 4.13). Figure 4.12 shows that the mass of bowl for increment 1 has a value that was 

far lower than its original value, whereas the value for increment 2 was much closer to its ideal value. 

The smaller input resulted in a large negative Air voids value. Similarly, on other occasions, with inputs 

that have values much smaller than original values, positive, but unreasonably large, Air voids values 

were observed.    
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Figure 4.12 Calculated negative air voids value due to unreasonably small primary parameter 

 

 

Figure 4.13 Calculated unreasonable air voids and VMA values from unreasonably small input 

 

● Case2 
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In some tests, unreasonably large primary parameter values were observed producing unreasonable 

secondary parameters (Figure 4.14). For example, the mass of bowl for increment 2 was 22290, which 

was much higher than the ideal value (2290). This directly affected the Air Voids calculation, which took 

a value that was much higher than expected. The value of 22290 was a typing error value, which in this 

case, was the last typing error value. The audit trail file recorded this value as the final reported value, 

which obviously cannot be used for monetary calculation. In this case, either the previous/succeeding 

reasonable parameter value from the audit trail file was adopted, or if this was not possible, the final 

reported value for this parameter was used.     

  

 

Figure 4.14 Calculated unreasonable air voids and VMA value from a large input value 

 

● Case 3 

Some audit trail values were exactly the same for multiple cells/parameters (Figure 4.15). This was 

probably due to the wrong input by a data entry person. A possible explanation can be that while the 

operator was trying to insert the values for a cell, they probably put the value in an adjacent cell. For 

example, the “submerged weight of bowl and sample” and the “submerged weight of bowl” both were 

set as 1367.6, which resulted in a value of 0 for the weight of sample.    
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Figure 4.15 Calculated negative air voids value due to similar values inserted for adjacent cells 

 

● Case 4 

In some occasions, the later value (e.g., mass of bowl and sample) was smaller than the first value (e.g., 

mass of bowl), which is obviously not reasonable. Figure 4.16 shows such an example for which a test 

had a “mass of bowl” value higher than the “mass of bowl and sample”, which resulted in a large 

negative Air Voids value.    

 



 

Statistical Analysis of 2018 HMA Production Data 104 
 

 

Figure 4.16 Calculated negative air voids value due to “mass of bowl and sample” being less than 

“mass of bowl” 

 

Test and Lot Information 

For the purpose of calculating the monetary value as well as removing unreasonable values, the Test 

and Lot information are required. From the “Testing Summary” sheet of ITD-0777 file (reported material 

testing data), all the Test and Lot information for each project were retrieved (Figure 4.17). 

 



 

Statistical Analysis of 2018 HMA Production Data 105 
 

 

Figure 4.17 Lot and test information for a test project 

 

Parameter Values for Missing Tests 

There were several tests with missing values in the audit trail file. For the sake of the monetary analysis, 

values from the audit trail file are required for all tests of a project. Hence, all the missing values were 

replaced with recorded values prior or after the missing value in the audit trail file, or if not available, 

with the final reported values. More often than not, final reported values (those that were formally used 

for payment calculation) were used to replace missing values. This is a conservative, and the only 

possible, approach to monetary impact assessment of unexplained data corrections in HMA projects.   

 

Removing Unreasonable Parameter Values   

Occasionally, the first and last entry for U.C. and the last entry of P.C. from audit trail files had 

unreasonable values, potentially due to incomplete records of audit trail data. In order to remove them 

and only select reasonable values, we enforced multiple conditions through the following steps:  

i. All the reported and audit trail values were taken for a parameter. For example, all values 

$U$32 (mass of bowl) for a project was considered as a list.   



 

Statistical Analysis of 2018 HMA Production Data 106 
 

ii. Missing values from the list were removed at the first step.  

 

3. Outlier data was removed from each list. For example, from the aforementioned case 1, a value 

of 22 was unreasonable for $U$32 (mass of bowl). This outlier value was removed using the 

Matlab’s “rmoutlier” function. This removed any value that was outside three standard 

deviations range from the median.  

4. A second step for removal of unreasonably high or low values was devised. It was noticed that 

“rmoutlier” did not remove all the unreasonable values, hence, if a value was greater than 

1.2×mean or lower than 0.8×mean, it was removed. This threshold is set by expert opinion, and 

was manually checked for all tests in all projects to ensure its validity. 

5. Some reasonable values, however, were removed through the process of step 4. In order to 

reintroduce the reasonable values to the list, the range of final reported values for each 

parameter across all tests was checked (Figure 4.18). If a removed parameter value fell within 

this range, it was reintroduced in the final list. 

 

 

Figure 4.18 Lower and upper limit value for parameters 

 

After completing all these steps, the desired dataset (two sets of parameter values, i.e., first and last 

U.C. values, for all tests) was finally ready for calculating the secondary parameters (Air 

voids/VMA/Mainline Density) that are used for monetary analysis.  

Although the unreasonable values were removed, there is still the possibility of getting illogical 

(smaller/larger than expected or negative) secondary parameter values for first U.C. entry. This might be 

another reason why the data was corrected in the first place (to match with the ideal ranges for Air 

Voids—2-4, and VMA—12-16). In these cases, unreasonable values are either replaced by 

preceding/succeeding value in the audit trail file, if available, or the reported value for the considered 
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parameter. Figures 4.19, 4.20, and 4.21 show cases in which even seemingly reasonable values of 

primary parameters resulted in secondary parameter values that do not fall in the acceptable range. 

 

 

Figure 4.19 Unreasonable calculated air voids and VMA with seemingly reasonable primary parameter 

values 
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Figure 4.20 Unreasonable calculated air voids and VMA with seemingly reasonable primary parameter 

values 
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Figure 4.21 Unreasonable calculated air voids and VMA with seemingly reasonable primary parameter 

values 

 

Lot Grouping Changes 

Based on the calculated Air Voids/VMA/Mainline Density parameter values for the first U.C. data, 

several lot groupings, that were originally used for monetary calculations, should have been changed, 

and many tests should have been rejected in the first place (Figure 4.22).  However, it’s not possible 

during these analysis steps to ask for a redo of the tests in the field and recalculate the secondary 

parameters, so the reported lot grouping was considered. This again is a conservative, and the only 

possible, approach for impact assessment of suspicious activities on HMA project payments. 
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Figure 4.22 An example case of lot calculated parameters failing the statistical tests 

 

Results of Monetary Analysis 

The final payment-related parameter values were calculated for all tests of each project and for all 

projects. Detailed results and plots for project #1 are described in this section, and summary results for 

all projects are presented in a table format. Figure 4.23, for example, presents the number of unique 

cells that were changed in each lot for project #1 in data reported by Entity 1. The graph shows data for 

three separate categories of major/moderate/minor parameters for both P.C./U.C. instances. Lot 3, for 

example, has 5 instances of U.C. and 2 instances of P.C. for major parameters. Note that this graph 

presents the unique number of cells/parameters that were affected, not the number of times these cells 

were changed. The total number of times these cells were changed was much higher because each cell 

was changed multiple times.     

The maximum number of U.C. instances for major parameters was observed in lot 15 in the data 

reported by Entity 2 for project 1 (Figure 4.24). It will be shown later that frequency of changes in U.C. 

parameters do not necessarily have a monotonic relationship with payment; and changes might be due 

to a variety of reasons including passing PWL or precision criteria. No direct relationship between the 

number of P.C. or U.C. changes in entity 1- reported versus the entity 2-reported data was observed 

either. Both datasets are prone to having multiple parameter value changes.      
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Figure 4.23 Number of unique P.C./U.C. parameter changes for each lot and each parameter type for 

the Entity 1-reported data for project #1 
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Figure 4.24 Number of unique P.C/U.C. parameters for Entity 2 tests for project #1 

 

Before performing the monetary analysis, these primary parameters are checked for precision level in 

Gmm, Gmb, and Pb parameters. One of the precision checks is shown in Figure 4.25, where Gmm precision did 

not pass (result was “No”) for this example test. For project #1, precision results for each test for entity 1 

and entity 2 reported data are presented in Figure 4.26 (green: pas – red: fail). We observed that multiple 

tests did not pass the precision test.  
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Figure 4.25 Precision criterion not satisfied for an example project  
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Figure 4.26 Precision criterion for each test of project #1 (upper: entity 1, lower: Entity 2). Green 

shows pass and red represents fail. 

 

Acceptance Check 

Monetary analysis starts with two statistical tests (F and t tests) to determine whether prime contractor-

reported data should be used, or the ITD-reported data is to be used. Then the selected data goes 

through the “quality level analysis” for Air Voids/VMA/Mainline Density which subsequently determines 

whether or not the lot is at an acceptable level. Figure 4.27 shows an example graph with Accept 

(green)/Reject (red)/Stop Production (black) levels for PWL for Air Voids, VMA and Mainline Density for 

project #1. These checks were done for the first U.C. entry cases to see that if the first value was 

considered for payment, how many lots should have been rejected. This analysis indicates that even 

before considering payment, several lots might have been rejected. Usually, for the three PF related 

parameters, this acceptability check is done with the following generic value check. 
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𝑃𝑊𝐿𝐴𝑖𝑟 𝑉𝑜𝑖𝑑/ 𝑉𝑀𝐴/ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 > 60 =  𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑏𝑙𝑒 

𝑃𝑊𝐿𝐴𝑖𝑟 𝑉𝑜𝑖𝑑/ 𝑉𝑀𝐴/ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 > 40 =  𝑆𝑡𝑜𝑝 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛, 𝐴𝑐𝑡𝑖𝑜𝑛 𝑁𝑒𝑒𝑑𝑒𝑑 

𝑃𝑊𝐿𝐴𝑖𝑟 𝑉𝑜𝑖𝑑/ 𝑉𝑀𝐴/ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 < 40 =  𝑅𝑒𝑗𝑒𝑐𝑡 𝐿𝑒𝑣𝑒𝑙 

 

 

 

Figure 4.27 Acceptance check for payment related parameters 

 

Figure 4.28 shows that multiple lots should have been rejected based on the PWL check for the first U.C. 

parameter value in project #1. The first row presents results for Air Voids, the second row is for VMA, 

and the last row is for Mainline Density. Five lots out of the total 17 got rejected in the parameter’s 

quality level analysis check, and only 6 lots out of the 17 were at an acceptable level. 

 

 

 

 

Figure 4.28 Lot-wise acceptance/rejection/stop production according to PWL for project #1 

 

Now the focus changes to the monetary analysis of data corrections, based on the first and last 

acceptable entry for U.C. cases. In Figure 4.29, the Green bars show calculated monetary value for the 

first acceptable U.C. parameter values. As discussed earlier, for the unchanged parameter values (no 

correction) and for P.C. cases, the reported value and last P.C. value were selected for monetary 

analysis, respectively. The red bar shows calculated payment based on the last entry for U.C. 

-- Acceptable Level, -- Reject Level, -- Stop Production, Action Needed 
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parameters. Yellow bars present the original reported payment. These payment levels are calculated for 

each lot separately. 

 

 

Figure 4.29 Lot-wise payment for project #1. Green bars show payment based on the first U.C. 

parameter values, red bars present payment based on last U.C. parameter values, and yellow bars 

show the actual payment formally made. E1 and E2 represent Entity 1 and Entity 2, respectively.   

 

There were some lots for which the final calculated value did not match the reported formal value from 

the projects. There are two reasons for this observation:  

i. Some of the lots had “dispute resolution” status, which was resolved by collecting data by a 

third party. However, no audit trail data from the third party was available. So, the herein 

calculated value was marginally different from the originally reported payments.  

ii. As discussed earlier, audit trail files did not necessarily record all data entry, meaning that 

final reported parameter value might not be included in the audit trail file. Some instances 

were observed that the last value recorded in the audit trail file was not equal to the 

reported one. Because of the irregularity of the data in the audit trail file for some lots, the 

calculations did not match the exact reported value in a few cases.  

Bars in Figure 4.29 are labeled as E1 and E2, which represent Entity 1 and Entity 2, respectively. This 

shows which reported data was chosen for payment analysis based on the F and t tests. For lot 2, for 

example, if the initially reported values were considered, Entity 1-reported data should have been used 

for payment, whereas due to correction, entity 2 data were used for payment. This resulted in an 

overpayment of around 20,000 dollars (+20%) for this lot. It is evident in Figure 4.29 that for several lots, 

payments should have been less if the initial U.C. entry value for parameters was chosen.  
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There were originally 15 projects obtained from ITD that had some sort of audit trail file included. Out of 

the 15 projects, however, 3 either were missing audit trail files or reported values were unavailable. 

Hence the focus is on the 12 projects for which payments could be calculated.  

Table 4.1 shows cumulative monetary value for each project based on the first and last U.C. parameter 

values and also the final/formal reported payment. This table includes all the available number of audit 

tests from entity 1 and entity 2 as well as the cumulative monetary values for the projects. In most 

projects, there was a notable amount of overpayment. 

 

Table 4.1 Calculated Payments for First and Last U.C. Parameter Values, and the Formally Paid Amount 

for Each Project. Table Also Enlists Statistics of Total Number of Lots and Available Audit Trail Files 

from the Entity 1 and Entity 2 Reports 

Project 
Number 

Total 
Lot 

Total 
Test 
(E2) 

AA* 
(E2) 

Total 
Test 
(E1) 

AA 
(E1) 

Total 
Sheet 
(Dens) 

AA 
(Dens) 

Payment 
(First U.C.) 

Payment 
(Last U.C.) 

Formal 
Payment 

(Reported 
with Dispute 
Resolution) 

Project 1 17 70 70 54 54 21 21 $1,945,217 $2,228,807 $2,260,795 

Project 2 14 67 67 67 67 15 14 $2,492,391 $2,853,563 $3,215,331 

Project 3 5 16 NA 16 16 12 5 $568,890 $583,246 $579,831 

Project 4 25 101 51 101 52 27 13 $3,962,182 $4,082,441 $4,217,759 

Project 5 50 241 84 150 12 57 5 $9,860,811 $9,906,251 $9,897,883 

Project 6 21 79 NA 74 50 50 33 $1,976,327 $2,030,917 $2,040,929 

Project 7 5 16 16 16 16 10 10 $762,583 $989,563 $989,797 

Project 8 4 14 14 13 11 8 6 $586,866 $709,034 $709,243 

Project 9 3 9 9 9 9 3 3 $195,573 $192,578 $212,967 

Project 10 11 51 NA 33 4 13 3 $1,756,489 $1,878,476 $1,952,210 

Project 11 13 25 25 42 42 13 13 $1,117,583 $1,142,740 $1,525,770 

Project 12 17 54 14 51 11 19 6 $1,907,322 $1,906,912 $2,306,717 

AA—Available Audit 

 

Table 4.2 summarizes all PWL results for all projects. This table provides details about the number of lots 

in each project, number of lots for which audit trail files were available, and number of lots for which 

audit trail files were available for both entity 1 and entity 2. This table also enlists the number of lots 

that should have been rejected (based on at least one parameter, i.e. Air Voids, VMA, or Mainline 

Density), accepted or was at the stop production level. Projects #8 and #9 did not even have a single lot 

that could have been accepted (Table 4.2), whereas project #5 had the highest fraction of accepted lots 

(90% of all lots). On average, 8-50% of the lots should have been stopped and reformed the lot/redid the 

test, which indicates a considerable proportion of lots could have been rejected if data correction had 

not happened.    
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Table 4.2 Summary of Acceptance/Rejection and Stop Production for PWL Analysis for Each Project 

Project 
Total 

Lot 

No 

of 

Lot 

(E1) 

Missed 

Lot (E1) 

No of 

Lot 

(E2) 

Missed 

Lot 

(E2) 

TA  TR 

Total Stop 

Production

, Action 

Needed 

No of 

Lots * 
Accepted *  Rejected *  

Stop 

Production * 

Project 

1 
17 15 10, 14 15 12, 15 

6 

(35%) 

5 

(29%) 
7 (41%) 13 3 (23%) 5 (38%) 6 (46%) 

Project 

2 
14 14 NA 14 NA 

6 

(43%) 

7 

(50%) 
2 (14%) 14 6 (43%) 7 (50%) 2 (14%) 

Project 

3 
5 4 1 

No 

data 

No 

data 

4 

(80%) 
0 (0%) 1 (20%) 0 0 (0%) 0 (0%) 0 (0%) 

Project 

4 
25 12 

2 to 13, 

21 

14 

to 

25 

1 to 

13 

20 

(80%) 
2(8%) 3 (12%) 11 9 (82%) 1 (9%) 1 (9%) 

Project 

5 
50 5 2 to 46 

34 

to 

50 

1 to 

33 

45 

(90%) 
1 (2%) 4 (8%) 4 3 (75%) 1 (25%) 0 (0%) 

Project 

6 
21 12 

1 to 7, 

11, 19 

No 

data 

No 

data 

16 

(76%) 

2 

(10%) 
3 (14%) 0 0 (0%) 0 (0%) 0 (0%) 

Project 

7 
5 5 0 5 0 

1 

(20%) 

2 

(40%) 
2 (40%) 5 1 (20%) 2 (40%) 2 (40%) 

Project 

8 
4 4 0 4 0 0 (0%) 

3 

(75%) 
2 (50%) 4 0 (0%) 3 (75%) 2 (50%) 

Project 

9 
3 3 0 2 1 0 (0%) 

3 

(100%

) 

1 (33%) 2 0 (0%) 2 (100%) 1 (50%) 

Project 

10 
11 1 1 to 10 

No 

data 

No 

data 

2 

(18%) 

2 

(18%) 
1 (9%) 0 0 (0%) 0 (0%) 0 (0%) 

Project 

11 
13 10 4, 5, 9 8 

9 to 

13 

3 

(23%) 

9 

(69%) 
3 (23%) 6 1 (17%) 4 (67%) 2 (33%) 

Project 

12 
17 4 5 to 17 5 

6 to 

17 

7 

(41%) 

6 

(35%) 
6 (35%) 4 0 (0%) 4 (100%) 2 (50%) 

 
*—Mutual between E1 & E2 
TA—Total Accepted 
TR—Total Rejected 
 

Table 4.3 summarizes the calculated overpayment for each project, as well as the average extra 

payment per unique parameter changed. In this table, the total major U.C. unique parameters and total 

U.C. unique parameters represent either entity 1 or entity 2 based on which of them were selected for 

monetary analysis. For example, in lot 1 of a project, material testing report either from entity 1 or 2 is 

selected for payment based on the statistical test results. If entity 1 is selected, then the number of 

major and total number of unique U.C. parameters are considered. Therefore, the final value of the 

number of unique major U.C. and total U.C. parameters that are presented in this table are summations 

of all the lots of a project from either entity 1 or entity 2 based on which of them were selected on each 
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individual lot. The maximum amount of extra payment was seen on project #2, where more than 

$361,000 was overpaid. In this project, 94 major and a total of 138 parameters were corrected. The high 

number of corrections resulted in a notable monetary change in this project. A majority of the analyzed 

projects had a significant amount of overpayment. For some projects (9 and 12) a reduction in payment 

was seen, although the sheer value of reduction is marginal. It is noteworthy that there were also some 

lots in different projects for which detected U.C. values resulted in minor decrease in payment, but for 

the entire project, the summation of all lots resulted in overpayment. It is also interesting to observe in 

this table that each U.C. parameter change resulted in roughly $1,000-$5,000 extra payment in each 

project. The audit trail files did not necessarily capture all changes in reported parameter values, and it 

is expected that if those are factored in, the change in payment can be even higher. 

 

Table 4.3 Summary of Payment Change, and Number of Unique U.C. Parameters Involved for Each 

Project 

Project 

Number 

Total 

Lot 

Total 

payment 

change ($) 

(first and 

last U.C.) 

Total major 

U.C. unique 

parameters 

Total payment 

changes per 

unique major 

U.C. parameter 

($/parameter) 

Total U.C. 

unique 

parameters 

Total payment 

changes per 

unique U.C. 

parameter 

($/parameter) 

Project 1 17 $283,590 60 4,727 103 2,753 

Project 2 14 $361,172 94 3,842 138 2,617 

Project 3 5 $14,356 0 NA 0 NA 

Project 4 25 $120,258 38 3,165 64 1,879 

Project 5 50 $45,440 33 1,377 45 1,010 

Project 6 21 $54,590 20 2,729 22 2,481 

Project 7 5 $226,980 47 4,829 66 3,439 

Project 8 4 $122,168 36 3,394 45 2,715 

Project 9 3 $-2,995 1 -2,995 5 -599 

Project 10 11 $121,987 7 17,427 9 13,554 

Project 11 13 $25,158 14 1,797 23 1,094 

Project 12 17 $-409 7 -58 10 -41 

 

Relationship between U.C. Instances and Payment 

An essential question is whether or not data correction always translates to financial impacts. A simple 

answer is “No”. It was observed that data corrections did not necessarily translate into monetary 

changes all the time. Through in-depth analysis, we investigated the potential reasons for this 

observation. An overall comparison of the monetary-related parameter (Air Voids/VMA/Mainline 

Density) values from the primary parameters for first U.C. parameter entry and final reported parameter 

is shown in Figure 4.30. The upper part (green) and lower part (red) of Figure 4.30 present all the test 

values for first U.C. entry and final reported entry for a particular lot in project #7. Looking closely, most 

of the test values are different between the two cases (green versus red). 
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Figure 4.30 Lot-wise calculated air voids/VMA/mainline density parameters based on first U.C. and 

final reported parameter values (project #7) 

 

But this is not all that is needed for monetary calculation. If the prime contractor material testing data 

pass statistical tests, the prime contractor data will be used for payment purposes. Sometimes 

corrections are observed in ITD’s data, but not in the contractor data, or vice versa. If corrections only 

occur in the ITD data, and they result in using the prime contractor data for payment purposes, the 

corrections do not lead to direct monetary impact that can be identified in our analysis. Another step is 

to form the lot groups, which impacts the F and t tests used to determine whose reported data should 

be used for payment. Data corrections can change the lot formation (e.g., the lot shown in Figure 4.31), 

and thereby impact payments. However, since we followed reported lot formations, such impacts 

cannot be seen in our analysis results. 
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Figure 4.31 Formation of lot group (project #7) 

 

As described earlier, the second step of the financial analysis is to check the acceptability of the entity 

1/entity 2 data through the F and t tests (Figure 4.32). Generally, prime contractor data should be used 

for payment calculations, if they pass F and t tests; and ITD data should be used otherwise. Now, if 

entity 1 changed their data to ensure the data from the other party is used for payment calculation, 

changes in entity 1 data does not show in the payment calculation. Same rule applies to entity 2 data.   
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Figure 4.32 Selection of Entity 1/Entity 2 test result based on F and t tests (project #7) 

 

The next target was to calculate the unweighted pay factor. In this step, the average value of Air Voids, 

VMA, and Mainline Density is used for each test. This average value, often, can compensate for the test 

value change, hence not resulting in payment change although test results might have been corrected. 

Some reported test values were lower than the first U.C. instances, and some were higher. Since a mean 

value is taken, there is a possibility that the average of corrected test data was close to that of un-

corrected data. For instance, the average Air Voids value was 3.96 from the first U.C. calculation, 

whereas it was 3.97 in the reported section. Similarly, the average VMA value came up as 16.36 from 

the first U.C. calculation, and it was reported as 16.30. Despite all the clear corrections done on the 

earlier steps, averaged monetary-related parameters can take values very close to the original values 

(Figure 4.33).    
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Figure 4.33 Calculation of unweighted pay factor (project #7) 

 

The last step was to determine the PWL value and calculate the monetary values (Figure 4.34). It was 

seen in Figures 4.32 and 4.33 that because the average value of the secondary parameters was almost 

equal; the PWL value came precisely the same for these specific tests. The end result was, hence, an 
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identical payment value for both scenarios. It is argued that for some cases no matter how many times 

data correction had been done, there might still be zero payment impact. Obviously, this does not apply 

to all projects and tests. As shown in Tables 4.2 and 4.1, data correction has often resulted in 

overpayment. 

 

 

 

Figure 4.34 Calculation of PWL and monetary value (project #7) 

 

Summary 

Construction projects are generally performed in a complex dynamic environment and are highly 

sensitive to data corrections. Failure to take adequate measures to protect these sensitive tasks against 

data corrections results in higher costs and time overruns. This research leveraged the availability of a 

unique audit trail dataset (recording sequence of all entered parameter values in a material testing 

form) to calculate possible monetary impacts of potential unexplained corrections of material testing 

reports. Such claim of data corrections upholds the necessity for reformation of traditional QC/QA 

practice which seems to be vulnerable to intentional or unintentional data inconsistencies and can cause 

loss in monetary values. The monetary payment calculation procedures followed by ITD were 

successfully replicated and lot-wise payments for various lots of 12 HMA projects prior to and after data 

corrections were calculated. The majority of the projects indicate possible overpayment, even with the 

researchers’ conservative approach that was utilized for monetary calculations. Detailed analysis 
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showed that corrections in each major parameter value may result in $1,000-$5,000 overpayment. 

Further, a great fraction of the analyzed lots did not pass either the precision test or the PWL thresholds 

– i.e. were at an acceptable level – raising questions about the efficacy of QC/QA practices.  We note 

that ITD changed its QC/QA practice in 2020 in an attempt to remove some of the deficiencies in this 

process and to bring more clarity and rigor to material testing in Idaho.  
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5. Sensitivity Analysis of HMA Test Parameters 

 

Introduction  

Sensitivity analysis is an efficient and effective approach to identify the most influential parameters in 

any modeling effort. Sensitivity analysis is particularly important for the HMA projects which are very 

complex and are characterized by a large number of parameters. Importantly, all the parameters do not 

equally contribute to the payment related secondary parameters, acceptance or rejection of lot 

materials, and/or final HMA quality. Sensitivity analysis is particularly useful to identify the most 

influential testing parameters on HMA outcomes, and can inform potential further scrutiny of specific 

sections of the reported test results. This can lead to a better understanding of HMA production and can 

potentially enhance HMA production quality. Lack of this knowledge, on the contrary, may result in 

unnecessary work and evaluation of insensitive parameters that is time consuming. This lack of 

understanding may dilute efforts that otherwise could have led to conclusive findings about potential 

data corrections.  

Sensitivity analysis can be conducted for a variety of purposes including, determination of input 

parameters that contribute most to variability of output asphalt mix design properties, locating the 

optimal regions within the parameter space in future calibration studies, increasing knowledge of 

parameter behavior to reduce the uncertainty of asphalt mix design properties, and identifying which 

parameters are insensitive and can possibly be held constant in the material testing report. Studies with 

similar purpose have been done to provide design guides for HMA using sensitivity analysis (ARA 2004; 

Schwartz et al. 2013, 12). For example, the MEPDG from AASHTO defines what is a feasible design 

scenario and contains pavement analysis and performance predictions for such scenarios (MEPDG 2008; 

AASHTOWare Pavement Me Design 2011). In these studies, a large quantity of parameters, 

characterizing the pavement materials, layers, design features, and condition, were used to obtain 

MEPDG performance predictions for the anticipated climatic and traffic conditions (MEPDG 2008). In 

one particular, but probably most informative, type of sensitivity analysis, majority of the parameters 

are kept constant, and only one parameter value is changed to make inferences regarding the 

significance of input parameters in calculation of asphalt mix design properties (El-Basyouny and 

Witczak 2004; Graves and Mahboub 2006, 122). 

Sensitivity Analysis Method 

In this chapter, we adopt a one-parameter-at-a-time sensitivity analysis approach. In doing so, we have 

adopted a “reasonable” parameter value for all parameters of the ITD-0777 form (see Appendix C). This 

value is selected based on the average reported values in all HMA project testing reports from year 2017 
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available to us. Further, we have determined the minimum and maximum reported value for each 

parameter, which we later used as the possible range for the associated parameter. “Reasonable” 

parameter values and their ranges are reported in Table 5.1. For each parameter, we have assumed a 

normal distribution centered at the average reported parameter and selected a standard deviation that 

equals to one-sixth of the full parameter range. In a normal distribution, 3 standard deviation 

divergence to each side of the mean would cover 99% of all possible perturbations. Hence, the entire 

variability range for each parameter would be roughly equal to 6 standard deviations. Further, we have 

set all other parameter values at their constant level, and using a Monte Carlo approach, we generated 

10,000 random samples from the parameter of interest using the normal distribution that was described 

earlier. For each perturbation, we have calculated secondary parameter values including VMA, Gmb, 

Gmm and Pa. In other words, we are estimating the relative impact of each input parameter on VMA, 

Gmb, Gmm and Pa, if all other parameters are constant. We report results in terms of plots and 

coefficient of variation (ratio of standard deviation to mean). 

Results  

A total of 55 different input parameters from material tests were considered for sensitivity analysis, the 

impacts of which were analyzed on four major asphalt mix design properties (i.e., Gmm, Gmb, Pa, and 

VMA). These 55 parameters consist of values reported from summary of mix properties, Bowl 

properties, and Ignition furnace, among others. For all 55 parameters a mean and standard deviation 

was calculated based on the reported data for all ITD projects in 2017 available to us. Here we used the 

most common form of sensitivity analysis namely the independent parameter perturbation (Ferreira et 

al. 1995, 493) combined with the Monte Carlo simulation (Shaffer et al. 1988, 1782). These parameters 

were allowed to vary around their mean values independently following a normal distribution, and the 

sensitivity of asphalt mix design properties to these parameters were analyzed. Results indicated that 

some parameters only influence one mix design parameter (Gmm, Gmb, Pa, and VMA), some impact 

multiple and others do not have any significant impact on any of the mix design properties. Their level of 

influence also varies widely from one input parameter to another, which will be the focus of this 

chapter.   

In this chapter, we provide some example figures and provide an overview of the results for all 

parameters, and we refer the reader to Appendix E for detailed results. Figure 5.1 shows that the 

changes in mass of bowl sample increment 1 significantly influences Pa and Gmm, whereas it has no 

influence on VMA and Gmb. This marks the mass of bowl sample increment 1 as a variable that can be 

potentially corrected to obtain satisfactory HMA test results. Note that it is likely to obtain negative 

values both in VMA and Pa, which are physically not possible, due to random sampling of parameter 

values from a normal of distribution, where for example the ratio of Gmb and Gmm is more than one 
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(see equations for VMA and Pa). 

 

and 

 

Where: 

𝑉𝑀𝐴 = Voids in mineral aggregate 

𝑃𝑎= Air voids in compacted mixture 

𝐺𝑠𝑏 = Bulk specific gravity of the aggregate 

𝐺𝑚𝑏 = Bulk specific gravity of compacted mixture. 

𝑃𝑠 = Aggregate, percent by total dry weight of mixture 

 

 

 

Figure 5.1 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) 

with respect to changes in mass of bowl sample increment 1. 

𝑉𝑀𝐴 = 100 − (
𝐺𝑚𝑏 .𝑃𝑠
𝐺𝑠𝑏

) 

𝑃𝑎 = 100 − (
100 × 𝐺𝑚𝑏

𝐺𝑚𝑚
) 
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Contrary to the mass of bowl sample increment 1, it can be seen in Figure 5.2 that changes in ignition 

furnace correction factor has no significant influence on the four major asphalt mix design properties 

and therefore it is an unlikely candidate for analysis of data correction cases. 

 

Figure 5.2 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) 

with respect to changes in ignition furnace correction factor. 

Mass of puck dry specimen 1 is another important parameter that influences three mix design 

properties, namely VMA, Pa, and Gmb. However, it has weaker influence on Pa and VMA values as 

compared to Gmb and therefore is more suited for studying data correction cases that are rooted in 

changes in Gmb (Figure 5.3).   
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Figure 5.3 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) 

with respect to changes in mass of puck dry specimen 1. 

A few parameters, such as chamber set point, did not vary across ITD projects and therefore were kept 

as constants in the analysis (Figure 5.4). The sensitivity analysis results for the remaining 51 parameters 

are presented in Appendix E.  
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Figure 5.4 Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e, respectively) 

with respect to changes in chamber set point. 

 

Summary and Conclusions  

As shown in the sensitivity analysis results, the degree to which these 55 parameters influence four 

major asphalt mix design properties vary significantly. In order to outline the overall impact of input 

parameters on mix design properties, we summarize the sensitivity analysis results in Table 5.1. This 

table enlists the coefficient of variation (standard deviation divided by mean) for asphalt mix design 

properties with respect to changes in each parameter. Higher coefficient of variations is associated with 

larger influence of the input parameters on the mix design properties. A coefficient of variation of zero 

represents no impact of the input parameter on the mix design property. The most important 

parameters that significantly control the values of four asphalt mix design properties are summarized 

below: 

● The parameters that significantly influence VMA are mass pan and initial sample, mass pan and 

dry sample (AASHTO T 329), mass basket assembly & initial sample, mass basket assembly & 

final aggregate (AASHTO T 308), submerged weight of puck in water specimen 1 & 2, and weight 

of puck ssd specimen 1 & 2 (AASHTO T 166).  The rest of the parameters either have small or no 

impact on the VMA value.  
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● In case of Pa, the influential parameters are submerged weight of bowl inc 1 & 2, submerged 

weight of bowl and sample inc 1 & 2, mass of bowl increment 1 & 2, mass of bowl sample 

increment 1 & 2 (AASHTO T 209), weight of puck ssd specimen 1 & 2, submerged weight of puck 

in water specimen 1 & 2, and mass of puck dry specimen 1 & 2 (AASHTO 166).  

● The parameters that control changes in Gmm, with a relatively similar impact, include mass of 

bowl increment 1 & 2, mass of bowl sample increment 1 & 2, submerged weight of bowl inc 1 & 

2, submerged weight of bowl and sample inc 1 & 2 (AASHTO 209). 

● The parameters that control Gmb include weight of puck ssd specimen 1 & 2, submerged weight 

of puck in water specimen 1 & 2, and mass of puck dry specimen 1 & 2 (AASHTO 166). 

The attention, when analyzing QA results, should be focused on the parameters that have the most 

significant impact on the asphalt mix design properties, as they are ultimately crucial for quality of HMA 

projects. A deep understanding of the sensitivity of HMA projects’ quality to the input parameters will 

allow ITD to focus attention on monitoring the right parameters and will permit the best use of data in 

search for data correction cases. For example, experience has shown that Gmm is one of the primary 

derived factors that is changed through unexplained corrections. If the Gmm values are artificially 

corrected, the Gse values tend to follow the trend of the binder content in a mix. However, this is not 

expected as the Gse value should stay relatively constant for a given aggregate-binder combination. 

Therefore, variations in Gse values can serve as a surrogate indicator of unexplained corrections with 

respect to Gmm. Focusing on such details during material testing data validation will facilitate the 

implementation of a robust quality assurance program. 

Table 5.1 Descriptive statistics of mix design properties in response to changes in input parameters  

Parameters Mean Min Max VMA Pa Gmm Gmb 

Mass of Bowl Increment 1 (AASHTO T 209) 2123 1697.3 2603.2 NA 2.1268 0.0713 NA 

Mass of Bowl Increment 2 (AASHTO T 209) 2122.9 1783.7 2484.6 NA 1.6505 0.0541  NA 

Mass of Bowl Sample Increment 1 (AASHTO T 
209) 

3684.4 3192.9 4189.2 NA 2.2552 0.0815 NA 

Mass of Bowl Sample Increment 2 (AASHTO T 
209) 

3688.7 3287.5 4176.3 NA 2.2008 0.0774 NA 

Water Bath Temp Inc 1 (AASHTO T 209) 76.3 74.8 78.9 NA NA NA NA 

Water Bath Temp Inc 2 (AASHTO T 209) 76.6 74.3 78.4 NA NA NA NA 

Submerged Weight of Bowl and Sample Inc1 
(AASHTO T 209) 

2250.3 2004.4 2479.2 NA 2.2797 0.0631 NA 

Submerged Weight of Bowl and Sample Inc2 
(AASHTO T 209) 

2254.2 2041.5 2485.6 NA 2.0578 0.0558 NA 

Submerged Weight of Bowl Inc1 (AASHTO T 
209) 

1337.9 994.8 1653.5 NA 2.3832 0.0913 NA 

Submerged Weight of Bowl Inc2 (AASHTO T 
209) 

1337.9 1015.3 1726.1 NA 3.1699 0.0932 NA 

Mass of Sample Specimen 1 (AASHTO T 312) 4654.6 4187.6 5103.2 NA NA NA NA 

Mass of Sample Specimen 2 (AASHTO T 312) 4654.9 4285.4 5105.8 NA NA NA NA 

Mass of Sample Design Mass (AASHTO T 312) 4650 4277.5 5184.6 NA NA NA NA 
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Temp of Sample When Placed in Mold 
Specimen 1 (AASHTO T 312) 

300 108 423 NA NA NA NA 

Temp of Sample When Placed in Mold 
Specimen 2 (AASHTO T 312) 

300 170 427 NA NA NA NA 

Time Compaction Begins Specimen 1 
(AASHTO T 312) 

10 0 25 NA NA NA NA 

Time Compaction Begins Specimen 2 
(AASHTO T 312) 

10 0 21 NA NA NA NA 

Sample Height Specimen 1 (AASHTO T 312) 113.7 111.3 115.5 NA NA NA NA 

Sample Height Specimen 2 (AASHTO T 312) 113.5 112.3 115.2 NA NA NA NA 

Surface Temperature Specimen 1 (AASHTO T 
166) 

71.4 64.5 78.1 NA NA NA NA 

Surface Temperature Specimen 2 (AASHTO T 
166) 

74.6 69.6 80.4 NA NA NA NA 

Water Bath Temp Specimen 1 (AASHTO T 
166) 

77.8 76.5 79.4 NA NA NA NA 

Water Bath Temp Specimen 2 (AASHTO T 
166) 

77.7 76.4 78.9 NA NA NA NA 

Mass of Puck Dry Specimen 1 (AASHTO T 166) 4651.7 4183.3 5197.8 0.0862 0.5935 NA 0.0139 

Mass of Puck Dry Specimen 2 (AASHTO T 166) 4649.7 4191.3 5134.4 0.0966 0.661 NA 0.0156 

Submerged Weight of Puck in Water 
Specimen 1 (AASHTO T 166) 

2681.6 2285.7 3123.6 0.2096 1.5764 NA 0.0332 

Submerged Weight of Puck in Water 
Specimen 2 (AASHTO T 166) 

2677.1 2217.9 3198.3 0.2347 1.8243 NA 0.037 

Weight of Puck ssd Specimen 1 (AASHTO T 
166) 

4656.6 4334.2 4997.6 0.1663 1.2671 NA 0.0263 

Weight of Puck ssd Specimen 2 (AASHTO T 
166) 

4653.5 4353.8 5033.8 0.1673 1.2408 NA 0.0266 

Mass Basket Assembly (AASHTO T 308) 3060.9 2210.5 3864.7 0.0655 NA NA NA 

Mass Basket Assembly & Initial Sample 
(AASHTO T 308) 

4599.6 4193.5 4957.2 0.5823 NA NA NA 

Mass Basket Assembly & Final Aggregate 
(AASHTO T 308) 

4509.3 4258.3 4804.9 0.3809 NA NA NA 

Ignition Furnace Correction Factor (AASHTO T 
308) 

0.26 0.15 0.36 0.0023 NA NA NA 

Elapsed Time (AASHTO T 308) 46 23 70 NA NA NA NA 

Temperature Compensation Factor (AASHTO 
T 308) 

0.19 NA 0.3 NA NA NA NA 

Chamber Set Point (AASHTO T 308) 538 538 538 NA NA NA NA 

Calibration Factor (AASHTO T 308) NA NA 0.05 NA NA NA NA 

Uncorrected Binder Content (AASHTO T 308) 5.94 5.39 6.57 0.0042 NA NA NA 

Oven Temperature (AASHTO T 329) 320 315 326 NA NA NA NA 

Pan Mass (AASHTO T 329) 683.4 512.1 874.7 0.0001 NA NA NA 

Mass Pan and Initial Sample (AASHTO T 329) 1892.7 1385.9 2484.8 0.935 NA NA NA 

Mass Pan and Dry Sample (AASHTO T 329) 1892.3 1657.1 2127.6 0.4325 NA NA NA 
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6. Summary, Conclusions, and Recommendations for Future 

Research 

This project tackled an important, challenging and controversial topic focused on evaluating the 

robustness of the quality assurance process for HMA projects. Materials testing is the backbone to ensure 

HMA projects meet their design life; implementation of a robust materials testing program can save 

millions of dollars through warranting the quality of asphalt pavements. Robustness of this process, 

however, can be undermined by potential corrections of material testing data. Instances of data 

corrections observed in previous material testing reports have been observed in Idaho and other states, 

which prompted us to investigate the perception of Idaho Transportation Department and other state 

Department of Transportation engineers about data correction cases, the prevalence of such instances in 

material testing reports and the potential impacts of such cases on the final payment of the projects. 

In a survey that was sent in an online and a pdf format to ITD and other state DOT engineers, we asked 

their perception regarding the prevalence of unexplained corrections in HMA projects. We received a 

much larger participation from Idaho than that of all other states combined. We understand that due to 

the sensitive nature of this survey, some engineers may not be inclined to participate in this study. 

However, due to recent investigation of data corrections in HMA projects in Idaho, its media coverage and 

engagement of various districts, we observed good participation from ITD participants. A total of 75 

participants responded representing 48 ITD employees and 27 from several other DOTs. Generally, there 

is a perception that HMA projects do not meet their design life, in part due to deficient construction 

materials and due to unrepresentativeness of material testing reports. Climatic factors, errors made by 

the prime contractor, and underestimation of traffic volume were also implicated as causes of the HMA 

projects not meeting their design life. While there is evidence of a perception that material testing reports 

may be corrected for potential prime contractor gains, strenuous working hours and avoiding conflict with 

prime contractor and state DOTs are also implicated as potential factors that played into material testing 

data correction. Overall, although concerns are prevalent, engineers in Idaho trust that ITD is investigating 

this issue and will make amends. Indeed, ITD revolutionized its quality assurance approach and project 

acceptance procedures since 2018 with more to be done as described in the Foreword to address these 

raised concerns. 

This project provided an unprecedented opportunity to investigate the source of discrepancies and 

unexplained trends in materials testing data reported by ITD and prime contractors. An audit trail 

macro/algorithm that was built into the ITD-0777 form recorded every instance of data entry to the form. 

This provided a series of values for each parameter, as well as some other statistics such as time of entry. 

Some parameters were only reported once, which is expected, but others were reported multiple times. 

Through an extensive manual investigation of the audit trail data that affects acceptance and payment, 

the research team determined patterns that could be determined as Plausible Corrections (PC) associated 

with typographical mistakes. But there were other instances that we could not categorize as such, after 
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exhausting all possibilities, and we categorized them as Unexplained Corrections (UC). We then devised 

algorithmic logics to automatically categorize every instance of change in parameter values (that affect 

payment) into PC and UC categories. This algorithm marked all changes with proper categories, and we 

manually checked several instances from each project to ensure the results are robust. We conducted this 

analysis over 15 available projects that were constructed in 2018, and determined that data reported by 

the prime contractor as well as ITD have seen changes in reported parameter values. We note that both 

entities may have used independent labs for testing and reporting. In this research project, to ensure 

objectivity of the data analysis process as well as to maintain anonymity of the reporting entity (ITD or 

prime contractor), the two entities were referred to as ‘Entity 1’ and ‘Entity 2’, not necessarily in the same 

order. Analysis of the audit trail data reported by Entity 1 showed that a total of 595 unique parameters 

affecting prime contractor payment were changed 2,268 times, with the changes being categorized as 

U.C. On the other hand, a total of 316 unique parameters affecting payment were changed 660 times, 

with the changes being categorized as P.C. For entity 2-reported data, a total of 387 and 280 unique 

parameters that affect prime contractor payment were changed 1,266 and 587 times, with the changes 

being categorized as U.C. and P.C., respectively. Furthermore, results indicated that parameters with 

major payment impact were corrected more than two times on average per parameter, with some 

changing more than five or six times. Parameter values for PC cases were mostly changed only one time. 

We note that algorithmic categorization of parameter value changes cannot be interpreted as facts. 

Further, investigation of the causes of data corrections is beyond the scope of this study.    

We furthered the analysis by testing whether or not changes in parameter values resulted in financial 

impact either benefiting ITD or the prime contractors. For this purpose, we replicated all procedures from 

ITD-0777 form to calculate secondary payment-related parameters and translated them to lot-based pay 

factors and payments. We hypothesize that the first “acceptable” value of parameters that are 

categorized as UC represents the original value that was observed from the test. We calculated lot-wise 

payments for first and last parameter values that were labeled as UC, and attributed the changes in the 

project payment to financial repercussions of suspicious activities in material testing reports. All other 

parameters, i.e., those that were not changed and those that were categorized as PC, were kept as their 

final reported values. This analysis was conducted over 12 of the 15 available projects, which provided all 

the required data for payment analysis. Our conservative analysis shows that 10 of the 12 studied projects 

show an overpayment, ranging between $14,000 to $360,000, with 2 projects showing a nominal decrease 

of $-400 and $-3,000. Results show that change in each major parameter may translate to $1,000-$5,000 

extra payment. Further, results show that changes in parameter values do not necessarily translate to a 

financial outcome, and many parameter changes translated to passing statistical (F- and t-) tests; these 

parameters would have failed the standard quality tests if original values were used. This was observed 

for percent-within-limits values and precision tests.  

Finally, it is paramount to study the sensitivity of payment-related parameters to each material testing 

parameters, as this can inform future investigations and preventive actions. We accomplished sensitivity 

analysis through ‘leave-one-parameter-out Monte Carlo analysis’. We define domain range for each 



 

Statistical Analysis of 2018 HMA Production Data 136 
 

parameter of the ITD-0777 form based on the values reported in the 15 available projects from 2018. 

We then randomly draw values for one parameter from a normal distribution that encapsulate the 

entire parameter range and fix all other parameters to their “expected” values, and compute the 

payment-related secondary parameters accordingly. Results show that parameters that notably 

influence VMA are “mass of pan and initial sample”, “mass of pan and dry sample”, “mass of basket 

assembly & initial sample”, “mass of basket assembly & final aggregate”, “submerged weight of puck in 

water specimen 1 & 2”, and “weight of puck in SSD specimen 1 & 2” (AASHTO T 209 for Gmm and T 166 

for Gmb).  The rest of the parameters either have small or no impact on the VMA value. In case of Pa, 

the influential parameters are “submerged weight of bowl inc 1 & 2”, “submerged weight of bowl and 

sample inc 1 & 2”, “mass of bowl increment 1 & 2”, “mass of bowl sample increment 1 & 2”, “weight of 

puck ssd specimen 1 & 2”, “submerged weight of puck in water specimen 1 & 2”, and “mass of puck dry 

specimen 1 & 2” (AASHTO T 209 for Gmm and T 166 for Gmb). The parameters that control changes in 

Gmm, with a relatively similar impact, include “mass of bowl increment 1 & 2”, “mass of bowl sample 

increment 1 & 2”, “submerged weight of bowl inc 1 & 2”, “submerged weight of bowl and sample inc 1 

& 2” (AASHTO T 209). The parameters that control Gmb include “weight of puck ssd specimen 1 & 2”, 

“submerged weight of puck in water specimen 1 & 2”, and “mass of puck dry specimen 1 & 2” (AASHTO 

T 166). 

The attention, when analyzing QC/QA results, should be focused on the parameters that have the most 

significant impact on the asphalt mix design properties, as they are ultimately crucial for quality of HMA 

projects. Understanding the sensitivity of HMA parameters will allow ITD to focus attention on 

monitoring the most sensitive parameters that influence prime contractor payment.  

Recommendations for the Future 

i. Additional oversight including more quality assurance controls should be implemented to ensure 

data corrections, and the number of data corrections, are reasonable. 

ii. Rigorous training of field engineers and technicians (both prime contractor and state DOT) 

involved in HMA production, quality control, and acceptance testing is crucial to avoid potential 

mistakes and suspicious activities. Emphasis should be on the importance of test accuracy and 

repeatability, and how they affect the end product. 

iii. Long-term monitoring of the projects that are identified in this project to be associated with 

potential data corrections can provide significant insights about how these suspicious activity 

instances translated to performance of asphalt pavements. 

iv. Extensive review of agency-adopted specifications related to HMA mix design and construction 

is recommended. Special care should be taken to ensure the specifications and tolerances are 

developed based on materials commonly used in the region. Setting “unreasonable” targets for 

material quality will ultimately lead to undesirable practices and inferior pavement performance.  

v. The lot reformation was not possible in this analysis. If there is another way of lot reformation 

after the project has been completed, payments can be recalculated.  
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vi. A forensic analysis which involves a socioeconomical and cultural analysis is recommended to 

shed further light on the reasoning behind suspicious activities in the HMA construction 

projects. 

vii. A detailed analysis of whether certain prime contractors or certain individuals are more prone 

to suspicious activities can be conducted. A further analysis can focus on the reasons 

prompting or enabling them to act suspiciously. 

viii. Using modern technology, online apps, and streamlined process that promote automated 

data collection and minimize human interference in reporting can help minimize unexplained 

activities, and can be the subject of further research. 
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   Appendix A. 2018 FHWA report 

FHWA Forensic Pavement Assessment for the 

 Idaho Transportation Department (ITD) 

Report Date: March 8, 2018 

 

Executive Summary of Recommendations: 

 

These recommendations should be acted upon immediately by ITD: 

 

1. ITD should witness sampling from aggregate and RAP stockpiles for their asphalt mixture design 

verification. 

2. ITD should monitor the Gsb, Gse, Gsa and their relationship throughout the asphalt mixture design 

and production process. 

3. ITD should use a tested value of Gsb and Gsa for RAP aggregate when the asphalt binder 

replacement from the RAP is greater than 17 percent. 

4. ITD should monitor the asphalt content, Gmm, and Gse throughout the asphalt mixture design and 

production for consistency. 

5. ITD should update their specifications to address the general constructability issues with 

longitudinal joint density, in-place density, segregation and the use of the appropriate lift 

thickness-to-nominal maximum aggregate size. 

6. ITD and the contractors’ technicians should conduct check testing prior to the start of the project. 

7. Project testers for ITD and the contractor should participate in a pre-testing meeting prior to the 

start of construction. 

8. F & t-testing should be conducted on the actual test results used to calculate the volumetric 

properties: Gmm, Gmb, asphalt content, and Gse. 

9. A tolerance should be created on the weight of the samples prepared for gyratory compaction. 

 

These recommendations should be acted upon in the near future by ITD: 

 

10. ITD should develop a standard asphalt mixture design submittal format which would include all 

properties required. 

11. A tolerance between corrections factors for different ignition furnaces for the same mix should 

be developed. The current process for submitting and distributing the correction factor samples 

should be continued for use. This process should be evaluated in a   year or two for 

effectiveness. 

12. ITD should examine the CoreLok procedure used to determine the fine aggregate Gsb and 

consider replacing it with AASHTO T 84. 

13. ITD should include dust proportion as a production pay factor. 

14. ITD should consider adding a cracking test to their asphalt mixture requirements for design and 

acceptance. 
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15. To maintain independence between quality control tests and verification tests, the state should 

not share test results with the contractor until the lot has been completed and the contractor 

has submitted their test results to ITD. 

  

Field review performed: November 6 thru November 9, 2017 

Asphalt mixture information gathering and analysis: November 2017 thru January 2018 

Meetings with ITD and AGC: February 6 thru February 8, 2018 

 

1. Scope 

 

The objective of this assessment and information sharing was to conduct a forensic assessment of 

asphalt pavements for the Idaho Transportation Department (ITD). A forensic review of 13 asphalt 

pavements was conducted. The team conducting the review and the primary individuals consulted 

during the review are as follows. 

 

FHWA Report and Review Team: 

Tim Aschenbrener, Senior Asphalt Pavement Engineer, Office of Asset Management, Pavements, 

 and Construction 

Dennis Dvorak, Pavement & Materials Engineer, Resource Center Office Kyle Holman, Operations 

Engineer, Idaho Division Office 

 

FHWA Division Office Contacts: 

Peter Hartman, Division Administrator, Idaho Division Office 

Gus Shanine, Assistant Division Administrator, Idaho Division Office  

John Perry, Field Operations Team Leader, Idaho Division Office 

 

ITD Contacts: 

Kimbol Allen, ITD Chief Engineer 

John Bilderback, ITD Construction and Materials Engineer  

Jason Brinkman, ITD Engineering Manager 

Mike Copeland, ITD Materials  

Bob Engelmann, ITD District 3 

Travis McGrath, ITD Chief Operations Officer  

Laura Meyer, ITD Facilitator 

Blake Rindlisbacher, ITD Engineering Services Administrator  

Mike Santi, ITD Materials 

Mark Wheeler, ITD Pavement Engineer 

 

Other Contacts: 

Taj Anderson, Poe Asphalt  
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Darver Arnold, Knife River  

Tim Bentley, Idaho Materials 

Chase Camberlango, Western Construction  

Scott Cron, Strata 

Justin Drye, Knife River 

Paul Franz, Old Castle Materials  

Chris Hartman, Knife  River  

Marv Kerbs, Allwest 

Pat McEntee, Central Paving  

Terry McEntee, Central Paving  

Greg Mitchell, Knife River  

Ryan Russell, Idaho Materials 

Ron Shippy, Old Castle Materials  

Josh Smith, Knife River 

  

2. Itinerary 

 

November 6, 2017 – 

• Opening meeting with the Division Office in Boise. 

• Opening meeting with ITD, contractors and consultants at the ITD Headquarters   in Boise. 

• Review of video logs at the ITD Headquarters in Boise of US-91 at Yellowstone (ID 5), US-95 

at Lewiston Hill (ID 9), US-95 at Worley (ID 2), SH-8 at Dreary (ID 10), and I-86 at the Salt 

Lake City Interchange (ID 1). 

November 7, 2017 – 

• Field review of projects in Boise and north of Boise including US 20/26 (ID 11), SH-16 at 

Emmett (ID 7), and US 95 overlays (ID 8). 

November 8, 2017 – 

• Field review of projects east of Boise including I-84 at Eisenman (ID 3), US-91 in Pocatello (ID 

5), I-86 at the Salt Lake City Interchange (ID 1), I-84 at MP 228 (ID 4). 

November 9, 2017 – 

• Tour of ITD Central Materials Laboratory in Boise. 

• Meeting to summarize findings and next steps with ITD, FHWA, contractors and consultants 

at the ITD Headquarters in Boise. 
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February 6, 2018 – 

• Opening meeting with ITD and FHWA at the ITD Headquarters in Boise. 

February 6 and 7, 2018 – 

• Interviews and review of recommendations with ITD, FHWA, contractors and consultants at 

the ITD Headquarters in Boise. 

February 8, 2018 – 

• Closeout meeting with ITD and FHWA staff at the ITD Headquarter in Boise. 

 

 

3. Description of Projects Visited 

 

A total of 13 projects were identified for evaluation. The projects and general   information are 

shown in Table 1. Ten of the projects were reviewed visually. Seven of these were done in person on 

the field trip and three were done by video only.  The field performance ranged from “good” to 

“moderate.” During the review, there were no catastrophic pavement failures observed. 

 

Table  1. Projects Reviewed and General Information. 

 

 
ID 

 

Year 

Built 

 

 
District 

 

Key 

Number 

 

 
Project 

Name 

 
Google 

Map 

Link 

 

 
Contractor 

 

 
Mix Type 

1 2012 4 6521 I-86, SLC IC 

to Raft River 

6521 Knife River 3/4" SP-6 

2 2015 1 12212 US-95, Worley 
North 

12212 Interstate 3/4" SP-5 

3 2013 3 12352 
I-84, 

Eisenmenn 

IC to Exit 70 

12352 
Central 

Paving 

1/2" (3/4") 

SP-6 

4 2014 4 12390 
I84, Jct IC228 

to IC245 

WB (towards 

SLC) 

12390 
Western 

Construction 
1/2" SP-6 

 

5 

 

2014 

 

5 

 

12416 

US -91, 

Pocatello 

(Yellows

tone 

Ave, 

Alameda 

 

12416 
Jack B. 

Parson Co. 

 

1/2" SP-5 



 

Statistical Analysis of 2018 HMA Production Data 150 
 

to 

Flandro) 

6 2014 6 12467 
US20, 

Rexburg IC 

#332 to SF 

Teton River 

Br 

12467 
H

K 

Contractors 

3/4&1/2" 

SP-5 

7 2012 3 13021 
SH-16, Jct 

SH-44 to 
Emmett 

13021 
Central 

Paving 

 

8 2014 3 13361 
US-95 

Overlays 

& Alpine 

to 

Council 

13361 Knife River 1/2" SP-3 

9 2015 2 13435 US-95, 
Lewiston Hill 

13435 Knife River 1/2" SP-5 

10 2016 2 13875 SH -8, Deary 

to Bovill 

13875 Poe Asphalt 1/2" SP-3 

 

11 

 

2016 

 

3 

 

13928 
US20 /26 

Branstetter 

to Jct I-184 

 

13928 

Idaho 

Materials 

and 

Construction 

 

1/2" SP-3 

 
12 

 
2017 

 
2 

 
19187 

US12 

Arrow 

Bridge to 

Big Canyon 

Cr Br 

  
Knife River 

 
3/4" SP-6 

 
13 

 
2013 

 
6 

 
11478 

US-20, Bellin 

Road to 

Yellowstone 

Hwy 

  
HK 

Contractors 

 
1/2" SP-5 

 

Legend: 

Blue – Projects visited in person 

Yellow – Projects with “moderate” level of distress Green – Projects with “good” performance 

Unshaded – Field performance not evaluated 

 

The “Mix Type” in Table 1 references the NMAS (3/4” or ½”) and the Superpave mixture 

requirement that includes the number of design gyrations (e.g., SP-3 is 75 gyrations, SP-5 is 100 

gyrations). 
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During the field review of the pavements, it was identified that a more detailed review of the overall 

asphalt mixture design process was needed because of some anomalies in the asphalt mixture 

design and production data that could lead to reduced 

  

performance. The subjective levels of distress observed did not always relate to the anomalies 

identified. 

 

Additional data and analysis was performed in the following areas: 

• Relationship of aggregate specific gravities 

• Theoretical maximum specific gravity (Gmm) 

• Mixture design acceptance results 

• Ignition furnace correction factors 

• Reclaimed Asphalt Pavement (RAP): asphalt content and gradation 

• Field adjustments of asphalt mixture design 

 

From November through January, additional information on the contractor’s asphalt mixture design, 

ITD’s mixture verification, and the field acceptance results were gathered, analyzed and reviewed. 

Based on the analysis and review, a series of questions were developed that needed further 

clarification. ITD and the contractors elected to have the discussion as a group. On February 6 and 7, 

these questions and the team’s observations and draft recommendations were discussed with ITD 

and the contractors utilizing an ITD provided facilitator. The draft recommendations were modified 

based on the results of the discussions with the group. 

 

4. Observations and Recommendations 

 

The following observations and recommendations were divided into three groups as described 

below: 

• Group 1 - Reducing Risk of Project Acceptance 

• Group 2 – Improving Testing Consistency 

• Group 3 – Future Considerations 

FHWA’s Office of Asset Management, Pavements, and Construction and the FHWA Resource Center 

are available to provide technical support in addressing the recommendations. 

 

Group 1 – Reducing Risk of Project Acceptance 

 

1. Observation. The contractor is responsible for developing the asphalt mixture design that meets ITD 

requirements. ITD then conducts a verification of the asphalt mixture design in the laboratory. The 

contractor provides aggregate and RAP samples to ITD. ITD does not have a chain of custody of 
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these samples to ensure that they have been sampled from the stockpiles that will be used for the 

project. 

 

Recommendation. ITD should witness sampling from aggregate and RAP stockpiles for their asphalt 

mixture design verification. 

 

2. Observation. The test results for the aggregate bulk specific gravity (Gsb), aggregate effective specific 

gravity (Gse), and aggregate apparent specific gravity (Gsa) are important in calculating the volumetric 

properties of the asphalt mixture. There is a unique relationship with these specific gravities such 

that Gsb < Gse < Gsa. This is a fundamental truth based on the math of how these variables are 

calculated; such that 

  

when the results violate this relationship it means there must have been an error or use of incorrect 

data somewhere in a test result or calculation. In three of the 13 projects reviewed this relationship 

was violated, the Gse was greater than the Gsa. An example is shown in Figure 1. 

 
Figure  1. Unexpected relationship of Gsb, Gse, and Gsa. 

 

Recommendation. ITD should monitor the Gsb, Gse, Gsa and their relationship throughout the asphalt 

mixture design and production process to ensure that they do not violate the rule that Gsb < Gse < 

Gsa. 

 

3. Observation. When RAP is used in an asphalt mixture, ITD estimates the Gsa of the RAP. The Gse of 

the RAP is measured through testing and then the Gse is adjusted by a portion of the absorption to 

estimate the Gsa of the RAP. Through the interview process with ITD and contractors, it was desired 

that Gsa be measured instead of estimated. 
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Recommendation. ITD should use a tested value (e.g., using aggregate from the ignition furnace) of 

Gsb and Gsa of RAP aggregate when the asphalt binder replacement from the RAP is greater than 17 

percent. The 17 percent was based on current thresholds in the ITD specification. When there is less 

than 17 percent asphalt binder replacement from RAP in the asphalt mixture design, the estimated 

Gsb and Gsa should be acceptable. 

 

4. Observation.  The asphalt content is measured with the ignition furnace. There should be a linear 

relationship between the asphalt content and Gmm which are also related to the Gse. The test 

procedures for both the asphalt content and Gmm are relatively quick, simple and repeatable. A 

strong linear relationship was observed on 9 of the 13 projects. An example is shown in Figure 2. 

 

On 4 of the 13 projects there was an unexpected amount of scatter in the results from both the 

contractor and ITD. An example is shown in Figure 3. 

 

Recommendation. ITD should monitor the asphalt content, Gmm and Gse throughout the asphalt 

mixture design and production for consistency. A tolerance should be applied to determine if the 

results are acceptable or if the materials have changed enough to require a new asphalt mixture 

design. 

 

 
Figure  2. Expected Relationship of Asphalt Content and Gmm. 
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Figure  3. Unexpected Relationship of Asphalt Content and Gmm. 

 

5. Observation. During the field review of projects in November, some general areas for improvement 

related to constructability were identified.  Some of the pavement distresses were related to these 

constructability issues which included:  longitudinal joint density, in-place density, segregation and 

the use of the appropriate lift thickness- to-nominal maximum aggregate size. 

 

Recommendation. ITD should update their specifications to address the general constructability 

issues with longitudinal joint density, in-place density, segregation and the use of the appropriate lift 

thickness-to-nominal maximum aggregate size. 

 

 

Group 2 – Improving Testing Consistency 

 

6. Observation. For the 13 projects reviewed, six key properties of the component aggregates and 

combined asphalt mixture were identified: moisture content, Gmm, Gmb (bulk specific gravity of the 

mixture), Gse, air voids, and voids in the mineral aggregate (VMA). For these six properties, 77 

comparisons were made between ITD and the contractor’s results using the statistical F-test (to 

compare sample variances) and t- test (to compare sample means). Seventy-four percent (57 out of 

77) of the comparisons failed either the F-test, the t-test or both as shown in Figure 4. 
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ITD’s Quality Assurance Special Provision (QASP) that describes ITD’s statistical (F&t) based quality 

assurance process does not comply with 23 CFR 637.207(a)(1)(ii)(B). This is due to the QASP allowing 

contractor quality control tests that have not been validated which shows that they are from the 

same population of test results to be used in the acceptance decision and pay factor calculation.  

This would typically result in a recommendation, however ITD has implemented the   necessary 

steps to improve their statistical based acceptance of contractor’s quality control tests in their QASP 

version 1.1 that has been incorporated into 2018 ITD contracts. ITD should continue to monitor the 

QASP v1.1. 

 
Figure  4. Results from 77 Comparisons Between Results from ITD and Contractors for Six Key 

Properties. 

 

Recommendation. In an effort to make improvements to the materials testing process and achieve 

consistent results (as measured by passing the F & t-tests), ITD and the contractors’ technicians 

should conduct check testing prior to the start of the project. 

The six key properties identified to have different results should be checked: moisture content, Gmm, 

Gmb, Gse, air voids, and VMA. Also, gradation and asphalt content should be checked since they are 

important factors in measuring the six key properties. 

 

7. Observation. During the discussions with ITD and the Contractors on February 6 and 7, it was clearly 

communicated that there was a need for improving test reproducibility. Some of the discussions 

related to the test procedures, such as the method for developing the correction factor for the 

ignition furnace. Some of the discussions related to the processes prior to the start of the testing 

procedures, such as identification of the sampling location and curing times. 

 

Recommendation. Project testers for ITD and the contractor should participate in a pre-testing 

meeting prior to the start of construction. An agenda should be developed for statewide use which 

includes the important aspects that would influence testing results. This meeting is a separate 

meeting from the pre-construction meeting and will typically follow the preconstruction meeting. 
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8. Observation. Currently, F & t-testing is done with volumetric properties of air voids and VMA. These 

properties are calculated from several underlying test results which can have various impacts on the 

calculated volumetric properties. 

 

Recommendation. F & t-testing should be conducted on the actual test results used to calculate the 

volumetric properties. This should include: Gmm, Gmb, asphalt content, and Gse. This will allow for 

more efficient trouble shooting. 

 

9. Observation. There is a relationship between the Gmb and the height of the gyratory compacted 

sample. Also, the height and weight of each sample are closely correlated. For each project, a 

comparison of the Gmb and height was made for the first compacted sample as well as the second 

compacted sample. Based on a typical distribution of data, the same trend would be expected for 

both the first and second compacted sample. The correlation was virtually the same for the first and 

second compacted sample on all 13 projects with ITD data. With the contractor’s data, two of the 13 

projects had unexpected results. There was a desire to improve testing consistency. 

 

Recommendation. A tolerance should be created on the weight of the samples prepared for 

gyratory compaction. The tolerance should vary based on the nominal maximum aggregate size. 

  

Group 3 – Future Considerations 

 

10. Observation. When analyzing the asphalt mixture designs, it was not always possible to find the 

necessary information. Each contractor’s asphalt mixture design submittal used a different format 

and contained different information. 

 

Recommendation. ITD should develop a standard asphalt mixture design submittal format which 

would include all properties required. This would assist the contractors with the submittals and 

assist ITD with their review and future analysis. An electronic format, such as an Excel spreadsheet, 

would be most effective. 

 

11. Observation. A correction factor is developed for each ignition furnace. Contractors prepare the 

loose asphalt mixture and deliver 16 samples to ITD. ITD then distributes samples to the contractor, 

the district laboratory and the central laboratory for use in developing the correction factor for each 

of the ignition furnaces. 

 

When comparing correction factors from different ignition furnaces for the same asphalt mixture, 

there were often similarities. In three of the 13 projects the difference between the ignition furnace 

correction factors for ITD and the contractor were greater than 0.25, which is a significant 

difference. These three projects also had significant differences between other ITD and contractor 
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test results. However, these projects did not use the current process utilizing the 16 samples 

delivered to ITD. 

 

Recommendation. A tolerance between correction factors for different ignition furnaces for the 

same mix should be developed to determine if the correction factors are acceptable to address the 

anomalies identified. The current process for submitting and distributing the correction factor 

samples should be continued for use. This process should be evaluated in a year or two for 

effectiveness. The desired process is for ITD to have full control, such that each lab should mix their 

own correction factor samples from the component asphalt binder and aggregate materials. 

 

12. Observation. When determining the aggregate bulk specific gravity, ITD uses AASHTO T 85 for the 

coarse aggregate. For the fine aggregate, ITD has created their own test procedure using the 

CoreLok device. The CoreLok device provides higher Gsb than AASHTO T 84 which would result in 

artificially high VMA results. 

 

Recommendation. ITD should examine the CoreLok procedure used to determine the fine aggregate 

Gsb and consider replacing it with AASHTO T 84. Excellent guidance is provided in the following two 

research reports: 

• NCHRP Report 805, Improved Test Methods for Specific Gravity and Absorption of Course 

and Fine Aggregate, confirmed AASHTO T 84 and 85 to be the best available, but 

recommended incremental improvements to the test. 

• FHWA Tech Brief, Review of Aggregate and Asphalt Mixture Specific Gravity Measurements 

and Their Impacts on Asphalt Mix Design Properties and Mix Acceptance, supported 

AASHTO T 84 and 85 as other methods provide different results. 

  

13. Observation. The dust proportion can be a maximum of 1.6 for coarse gradations in ITD 

Specifications. The dust proportion is only a requirement for the asphalt mixture design. High dust 

proportion in the asphalt mixture design along with increases in dust proportion during production 

can negatively impact pavement performance. In three of the 13 projects, the dust proportion had 

significant increases from the mixture design to production as shown in Table 2. 

 

Table  2. Increases in Dust Proportion from Asphalt Mixture Design to Production. 

 
 

Recommendation. ITD should include dust proportion as a production pay factor. 
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14. Observation. Volumetric properties are used for the asphalt mixture design and field acceptance. 

Volumetric properties work well, but can be limited in effectiveness with all the new materials, 

binder additives, and recycled materials increasingly being used in today’s asphalt mixtures. In 

Idaho, contractors often submit asphalt mixture designs with high quantities of RAP. Four of the 13 

projects had 50 percent and 8 of the 13 projects had 30 percent RAP by asphalt binder replacement. 

Volumetric properties alone may not be adequate to predict performance. 

 

Recommendation. ITD should consider adding a cracking test to their asphalt mixture requirements 

for design and acceptance. This would be a better indicator of performance for high-RAP mixtures. It 

could also be an indicator of changes in the RAP content. 

 

15. Observation. ITD has received requests from contractors to provide the ITD’s verification test results 

within 6 hours of completion and no later than the next morning before the contractor begins 

paving for the day. This request has been made by contractors so they know how to adjust their 

operation based on the previous day’s test results. Contractors control their quality control tests 

and have those results immediately for the purpose of controlling their operations. 

 

Recommendations. To maintain independence between quality control tests and verification tests, 

the state should not share test results with the contractor until the lot has been completed and the 

contractor has submitted their test results to ITD. Typically, DOT’s using similar processes provide 

test results to the contractor a minimum of 1 to 2 working days of lot completion. 
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Appendix B. Federal Highway Administration 

Memorandum on Electronic Security Issues 

 
U.S. Department of 
Transportation 
Federal Highway Administration 

MEMORANDUM 

  Subject: ACTION: Electronic Security Issues - Kansas Department of Transportation (KDOT)  
Construction Management System (CMS) 

From: Chief, Construction and Maintenance Division 
Office of Engineering 

To: Mr. Volmer K. Jensen 
Regional Federal Highway Administrator (HRA-07) 
Kansas City, MO 

Mr. Eric B. White's June 8 memorandum requesting advice has been forwarded to the Construction and 
Maintenance Division for a response. Your request pertains to the Kansas Division's review and approval 
of KDOT's CMS. After a review of the attached materials we offer the following comments. 

The KDOT appears to be basically establishing a computerized construction project information 
management system. While this type of system is currently being established in several states across the 
country, the distinction in Kansas is that they propose to take their system one step further and go 
totally paperless with the use of electronic signature technology. 

Any computerized project record keeping system must meet certain criteria to ensure that the legal and 
financial interests of the Federal Government are protected. Such a system must be established so that 
the collection and retention of construction records are acceptable from an engineering, audit, and legal 
standpoint. These requirements should be no more stringent than they were for the hard copy system 
that the computerized system is replacing. In either case, the records must provide for the 
reconstruction of the chain of events that occurs on a project. 

It appears, from the documentation provided by the Division Office's report, that the proposed KDOT 
CMS is acceptable from an engineering standpoint. It is replacing a paper system, maintaining essentially 
the same structure and audit trail that was acceptable and logical. 

However, the KDOT's CMS, from an auditing and legal standpoint, appears highly suspect. The Division's 
report notes that within KDOT's various programs in the CMS there is an inability to verify who makes 
actual approvals via electronic signature. This is comparable to not being able to determine who signed 
the paper version of an approval letter or not being able to verify a persons handwriting with all the 
resulting legal implications. 
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The GAO opinion that the Division referred to as only applying to electronic contracting was only one of 
two decisions that established the safeguards for electronic signatures. In the other decision (B-238449), 
the Comptroller focused on the general use of an electronic signature rather than its specific use in 
contractual obligations. Both opinions were rather clear that the use of electronic signature technology 
had to be unique to the signer, under the control of the signer, have the capacity to be verified, and be a 
system of acceptable integrity. It appears that the KDOT's CMS does not meet this established criteria. A 
copy of both GAO decisions is attached for your information. 

What is important in the use of electronic signature technology, is not so much the technology itself 
(i.e., hardware/software), but how the technology is used and more importantly how that use is 
controlled. These are the things one takes for granted in the uniqueness of a handwritten signature or 
more simply in a person's handwritten documentation. The computerized versions cannot be 
compromised any less, whether the documentation is created for contractual obligations directly or 
indirectly. If the documentation is something that is normally signed or is a record of information that 
needs to be identified with a specific user (inspector/project engineer, etc.), it is "official 
documentation" that must be supportable in a court of law. 

The solution to the problem, as we see it, is relatively simple, implement "tighter computer security. 
This means control of user access in terms of ID's and passwords that are unique to approved users. 
Specifically, ID's and passwords should not be shared among a group of users, and the security codes 
must be changed periodically. Security of such computerized information systems cannot be 
compromised for the sake of convenience. We recommend the necessary security changes be 
implemented immediately. 

The other important aspect of computer security is the adequacy of data and program system backups. 
The KDOT appears to have adequately addressed this issue with the procedures and routines required to 
backup their proposed system. 

We trust that the above guidance satisfactorily addresses your concerns. If you have further questions 
or concerns please contact Mr. Robert S. Wright of my staff at (202) 366-1558. 

/s/ original signed by 
William A. Weseman 
Attachment 
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Appendix C.  Idaho Transportation Department Form 

0777 

 

%
Designed by

*F

*F

Summary of Mix Properties

*F

*F *F

Range Accpetable? (Within d2s precision)

*F

*F *F

 

*F *F

*F *F

Range Accpetable? (Within d2s precision)

Date Tested

Testing Party Type of Test Include in Statistical Analysis? Sample Date Test Number Lot Number

T 312 Tested By WAQTC Number Date Tested Checked By WAQTC Number Date Checked

Remarks

T 209 Tested By WAQTC Number T 166 Tested By WAQTC Number Date Tested

Average Gmb

Gmb (Bulk Specific Gravity)
DP

Wt. of Puck SSD (B)

Submerged Weight of Puck in Water (C)
P200

Mass of Puck Dry (A)

Water Bath Temperature
VFA

Surface Temperature

FOP for AASHTO T 166 Bulk Specific Gravity of Compacted Mix (Method A)

Specimen 1 Specimen 2
VMA

Pa

Sample Height (mm) 115±2

Time Compaction Begins Spec Limits
AFT

Temp. of Sample When Placed in Mold

Mass of Sample
SA

Specimen 1 Specimen 2Design Mass

Gyratory Compactor Brand Model Number Serial Number

Ps

Pbe

Final Reduction for T312 Performed By WAQTC Number

T312 Sample Reduction Method Date Reduced Time Reduced Sample Temperature

Pba

FOP for AASHTO T 312 SuperPave Gyratory Compactor Pb

Average Gmm
Gb

Gmm (Maximum Specific Gravity)
Submerged Weight of Sample (C)

Abst166

Submerged Weight of Bowl

Water Bath Temperature

Submerged Weight of Bowl and Sample
Gmb

Agitation Method Mechanical
Gmm

Mass of Dry Sample in Air (A)

Mass of Bowl and Sample
Gsb

Mass of Bowl (Required)

Increment 1 Increment 2
Gse

Final Reduction for T209 Performed By WAQTC Number
Gsa

FOP for AASHTO T 209 Theoretical Max Specific Gravity (Bowl Method)

T209 Sample Reduction Method Date Reduced Time Reduced Sample Temperature
Property

Sample Temperature

Sample 1A Sample 1B Combined LSL USL

Initial Reduction Performed By WAQTC Number Technician's Employer Date Reduced Time Reduced

FOP for AASHTO R47 Reducing Samples of Hot Mix Asphalt (HMA) to Testing Size (Initial Reduction of Sample)

Qualif ied Lab No. Testing Laboratory Location Initial Reduction Method Split Retained for Dispute Split ID Number

Sampled By WAQTC Number Sampler's Employer Quantity Represented Lift Thickness

Tons

Hotplant Sampling Device

FOP for AASHTO T168 Sampling Bituminous Paving Mixtures Sample ID Number

Test Number Date Sampled Time Sampled Sample TemperatureSampling Method Sample Location (Sta./offset, truck, plant, lab, etc.)

Contract Item Number Class of Mix ESALs Nominal Max Agg Size PCS

Virgin Binder Grade Anti-strip Additive Listed on QPL Asphalt Binder Supplier % Anti-Strip Additive % Binder Replacement

C-JMF Number C-JMF Target Pb Aggregate Source Number Contractor Producing Mix

Production Test For Plant Produced Mix (Loose)
ITD 0777   (Rev. 3-25-2019)

itd.idaho.gov

Idaho Transportation Department

Key Number Project Number Project Name District

Passing PCSSend Reports To (Resident Engineer's Name)

𝐺𝑚𝑚 =  
𝐴

𝐴 − 𝐶

𝐺𝑚𝑏 =  
𝐴

 − 𝐶

𝐺𝑚𝑚 =  
𝐴

𝐴 − 𝐶

𝐺𝑚𝑏 =  
𝐴

 − 𝐶
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%

*F

Tons

*F

*F

Data From External Balance Data from Ignition Furnace Printed Ticket (Attach Ticket)

Difference betw een Method A and Method B Pb w ithin 0.15%?

*F

Moisture Content Calculations Constant Mass Calculations

Mass Dry Sample After Wash Mw

%

%

Ms

Testing Party Type of Test Include in Statistical Analysis? Sample Date Test Number Lot Number

T 30 Tested By WAQTC Number Date Checked By WAQTC Number Date

T 308 Tested By WAQTC Number Date T 329 Tested By WAQTC Number Date

Pan (-0.075mm) Sieve Aggregate Surface Area(SA)

Remarks

No. 200 (0.075mm) Sieve

No. 100 (0.150mm) Sieve

No. 50 (0.300mm) Sieve

No. 30 (0.600mm) Sieve

No. 16 (1.18mm) Sieve

No. 8 (2.36mm) Sieve

No. 4 (4.75mm) Sieve

CPR PP

3/8" (9.5mm) Sieve

1/2" (12.5mm) Sieve

3/4" (19mm) Sieve

1" (25mm) Sieve

Cf(Agg) RPP LSL USL

1 1/2" (37.5mm) Sieve

2" (50mm) Sieve

Cumulative 

Mass Retained

CMR

Cumulativ

e % 

Final Dry Mass (Mf) Mp4

Aggregate 

Correction 

Reported 

% Passing

FOP for AASHTO T30 Sieve Analysis

Mass Dry Sample Before Wash MT30

Moisture Content (MC) Mp5

Calculated 

% Passing

Spec 

Limits

Mass Pan and Dry Sample Mp3

Mass Initial Sample (Mi) Mp2

Mass Pan and Inital Sample Mp1

%Change

Pan Mass Mi

Oven Temperature *F Drying Cycle Mass Pan and Sample Mass Sample

FOP for AASHTO T329 Moisture Content of Bituminous Mixes

T329 Sample Reduction Method Date Reduced Time Reduced Sample TemperaturePerformed By WAQTC Number

Pb =

Moisture Content from AASHTO T 329 (MC) Moisture Content from AASHTO T 329 (MC)

Pb (Method B) Pb (Method A)

Mass Residual Aggregate (Mf) Uncorrected Binder Content

Ignition Furnace Correction Factor (C f) Ignition Furnace Correction Factor (C f)

Mass Initial Sample (Mi) Chamber Set Point *C
Mass Basket Assembly & Final Aggregate Calibration Factor

Mass Basket Assembly Elapsed Time

Mass Basket Assembly & Initial Sample Temperature Compensation Factor

T308 Sample Reduction Method Date Reduced Time Reduced Sample TemperaturePerformed By WAQTC Number

WAQTC Number

grams

FOP for AASHTO T308 Asphalt Content by Ignition Method

Furnace Serial Number Lift Test Result Date of Last Air Flow  Check Date of Last Internal Balance CheckChecks Performed By

Sample TemperatureInitial Reduction Performed By WAQTC Number Technician's Employer Date Reduced Time Reduced

FOP for AASHTO R47 Reducing Samples of Hot Mix Asphalt (HMA) to Testing Size (Initial Reduction of Sample)

Qualif ied Lab No. Testing Laboratory Location Initial Reduction Method Split Retained for Dispute Split ID Number

Sampled By WAQTC Number Sampler's Employer Quantity Represented Lift Thickness

Hotplant Sampling Device

FOP for AASHTO T168 Sampling Bituminous Paving Mixtures Sample ID Number (for lab use)

Test Number Date Sampled Time Sampled Sample TemperatureSampling Method Sample Location (Sta./offset, truck, plant, lab, etc.)

Virgin Binder Grade Anti-strip Additive Listed on QPL Asphalt Binder Supplier % Anti-Strip Additive % Binder Replacement

C-JMF Number C-JMF Target Pb Aggregate Source Number Contractor Producing Mix Designed by

Passing PCSSend Reports To (Resident Engineer's Name) Contract Item Number Class of Mix ESALs Nominal Max Agg Size PCS

Production Test For Plant Produced Mix (Loose)
ITD 0777   (Rev. 3-25-2019)

itd.idaho.gov

Idaho Transportation Department

Key Number Project Number Project Name District

𝑃𝑏 =  
𝑀  𝑀 

𝑀 
× 100 − 𝑀𝐶 − 𝐶 

 𝐶ℎ𝑎𝑛 𝑒 =
𝑀 −𝑀𝑛

𝑀 
× 100

𝑀𝐶 =
𝑀𝑖 − 𝑀 

𝑀𝑖
× 100

𝐶ℎ𝑒𝑐  𝑆𝑢𝑚 =
𝑀 − 𝑀𝑠

𝑀 
× 100=

𝑀𝑎𝑠𝑠 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 =
𝑀       − 𝑀     

𝑀  𝑡    
=

𝐶𝑃𝑅 =  
𝐶𝑀𝑅

𝑀   
× 100

𝑃𝑃 = 100− 𝐶𝑃𝑅

𝑅𝑃𝑃 = 𝑃𝑃 + 𝐶  𝐴   
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Appendix D. Survey Questionnaire 

Questionnaire 

Study Information Sheet and Consent Form 

 

Title: Analyzing possible discrepancies between laboratory-reported mix design results and 

the actual material used in asphalt pavement construction 

 

The study is being conducted by Dr. Deb Mishra, associate professor of Civil Engineering at 

Oklahoma State University and Dr. Mojtaba Sadegh, assistant professor of Civil Engineering at 

Boise State University. In coordination with Idaho Transportation Department (ITD), we are 

trying to identify prevalence of cases where discrepancies are observed between laboratory 

reported asphalt mix design results and the actual materials used in construction. 

 

The purpose of this study is strictly for research purposes. During the study, you will answer 

some survey questions and read a brief text. This survey should take you less than 15 minutes to 

complete. You must be at least 18 years old to complete this survey. 

 

This study involves no foreseeable risks. You may discontinue the study at any time. 

 

For this research project, we are requesting demographic information. The researchers will make 

every effort to protect your confidentiality. However, if you are uncomfortable answering any of 

these questions, you may leave them blank. 

CONTACTS FOR QUESTIONS OR PROBLEMS 

 

Contact Information: If you should have any questions about this research study, please contact 

1. Deb Mishra at 405-744-3332 or deb.mishra@okstate.edu, or 

2. Mojtaba Sadegh at 208-426-3774 or mojtabasadegh@boisestate.edu. 

 

In consideration of all of the above, I give my consent to participate in this research study. 

In consideration of all of the above, I DO NOT consent to participate in this research study. 

[EXIT IF NO CONSEN] 
 

1. What state department of transportation do you work for? 
Drop down box with all the states… 
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2. How long have you worked for the state department of transportation in 

years? [text entry, numeric] 

 

3. What is your role at the department of 

transportation? [dropdown list of relevant roles] 

I. Engineer manager 

II. Field Staff 

III. State materials engineer 

IV. District / Division materials engineer 

V. Project engineer 

VI. Other. Please specify   

 

4. Do you have experience working with asphalt pavements? 

I. Yes 

II. No – You can exit or continue 

 

5. Does your state department of transportation (DOT) implement any procedure to compare 

actual service life (before major rehabilitation efforts need to be undertaken) of asphalt 

pavements against the original design life? 

I. Yes 

II. No 

III. Not sure 

 

6. In your state, do asphalt pavements generally meet the original design life? 

I. Yes 

II. No 

III. Not sure 

 

7. Generally, what kind of discrepancies do you observe between the design life and service life 

of asphalt pavements in your state? 

I. Service life is roughly equal to the design life 

II. Service life is less than 1/3 of the design life 

III. Service life is between 1/3 to 2/3 of the design life 

IV. Service life is more than 2/3 of the design life, but shorter than the design life 

V. The service life is longer than the design life 

VI. Not sure 
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8. [If II-IV to Q7] What do you think is the cause for this discrepancy between the design life and 

the service life of asphalt pavements in your state? [mark all that apply] 

I. Traffic volume was underestimated during the design 

II. Climatic factors (e.g., colder/warmer temperature) affected the pavement’s service life 

III. Deficient construction materials were used 

IV. Errors made by the contractor 

V. The design life is generally overestimated by the state 

VI. Not sure 

VII. Not applicable 

VIII. Other. Please specify   

 

9. Who performs the acceptance testing (testing used for acceptance and payment) during the 

asphalt material production and paving? (select all that apply) 

I. Contractor 

II. Third party contracted by the contractor 

III. Transportation department 

IV. Third party contracted by the transportation department 

V. Not Sure 

VI. Not applicable 

VII. Other. Please specify   

 

10. Is contractor QC test data used in your state DOT to determine contractor payment during the 

construction of asphalt pavements? 

I. Yes 

II. No 

III. Not sure 

IV. Not applicable 

 

11. Have you ever detected that the mix design and volumetric testing data reported prior to and 

during construction might not be representative of the actual material used in paving? 

I. Yes 

II. No 

III. Not sure 

IV. Not applicable 
 

12. [If yes to Q11] What was the basis? [mark all that apply] 

I. Personal observation 

II. Data analysis by the state DOT 
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III. Contractors admitted to this 

IV. Contractor employees admitted to this 

V. Not applicable 

VI. Other. Please specify   

 

13. Which, if any, measures does your agency adopt to ensure the accuracy of mix design and 

volumetric testing data? [mark all that apply] 

I. We have an internal auditing board to review volumetric testing 

II. Our QA team works in conjunction with volumetric testing 

III. We have independent assurance agents (employees with the power to observe and 

review technicians and perform replication testing) 

IV. We have a peer-review process 

V. We hire an external third-party for oversight 

VI. None 

VII. Not sure 

VIII. Not applicable 

IX. Other. Please specify   

 

14. Has your department ever attempted to detect / investigate potential manipulation of mix 

design and material testing data? 

I. Yes, please briefly explain how   

II. No 

III. Not sure 

IV. Not applicable 

 

15. What are the parameters that are most likely to be manipulated while mix design and material 

testing data is reported for agency approval? Please mark that the options presented below 

pertain to standard asphalt mix design volumetric tests [mark all that apply] 

I. Mass of bowl (AASHTO T 209) 

II. Mass of bowl and sample dry (AASHTO T 209) 

III. Submerged weight of bowl and sample (AASHTO T 209) 

IV. Dry Mass of puck (AASHTO T 166) 

V. Submerged weight of puck in water (AASHTO T 166) 

VI. Weight of puck at SSD condition (AASHTO T 166) 

VII. Mass of basket assembly (AASHTO T 308) 

VIII. Mass basket assembly and initial sample (AASHTO T 308) 

IX. Mass basket assembly and final aggregate (AASHTO T 308) 

X. Ignition furnace correction factor (AASHTO T 308) 

XI. Uncorrected binder content from printed ticket (AASHTO T 308) 

XII. Pan mass (AASHTO T 329) 
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XIII. Mass pan and initial sample (AASHTO T 329) 

XIV. Mass pan and dry sample (AASHTO T 329) 

XV. Percent passing the No. 200 sieve (AASHTO T 30) 

XVI. None 

XVII. Other. Please specify   

 

16. What reason do you think might explain possible manipulation of mix design and volumetric 

testing data? [mark all that apply] 

I. Unwillingness to reconduct the test 

II. Strained workloads make contractors unwilling to redo the test 

III. Lack of availability of re-testing sample material 

IV. Pressure to affect the payment factor in favor of the contractor 

V. Pressure to affect the payment in favor of the department 

VI. Concerns regarding loss of testing qualifications (such as AMRL certification) 

VII. To avoid scrutiny or conflict over results from the department 

VIII. To avoid scrutiny or conflict over results from the contractor 

IX. Not sure 

X. Not applicable 

XI. Other. Please specify   

 

17. Does your agency have structured ethical frameworks (e.g. a Code of Conduct), and do they 

provide training to ensure employee comprehension and facilitate compliance? 

I. Yes, they have a framework and training 

II. Yes, they have a framework, but no training 

III. No, they don’t have either 

IV. Not sure 

 

18. [If any yes (I-II) to Q17] Do these ethical frameworks apply specifically to material testing? For 

instance, data or source material tampering, deviations from procedure while reporting written 

execution, purposely changing conditions between tests, etc. 

I. Yes 

II. No 

III. Not sure 

IV. Not applicable 

 

19. If you ever observed an ethical violation in material testing, who did you report it to? [mark all 

that apply] 

I. Supervisor 

II. Manager 
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III. Executive team 

IV. Peer or colleagues 

V. Human Resources Department 

VI. Legal Department 

VII. Third party ethics / compliance line 

VIII. Internal Auditors 

IX. QA representative 

X. Other, please specify   

XI. I have observed these violations, but have not made a report 

XII. I have never observed these violations 

XIII. Not applicable 

 

20. [If answered XI to Q19] Why did you not make a report of these violations? [mark all that 
apply] 

I. Reporting process is too time consuming 

II. Nothing would be done about the violations 

III. I didn’t know who to report the violations to 

IV. I didn't realize the violations occurred at the time 

V. Other. Please specify    

 

21. [If any yes (I-X) to Q19] Was your concerns taken seriously? 

I. Yes 

II. No 

III. Not sure 

IV. Not applicable 

 

22. [If any yes (I-X) to Q19] Who was receptive to your concerns? [mark all that apply] 

I. Supervisor 

II. Manager 

III. Executive team 

IV. Peer or colleagues 

V. Human Resources Department 

VI. Legal Department 

VII. Third party ethics / compliance line 

VIII. Internal Auditors 

IX. QA representative 

X. Not sure 

XI. Not applicable 

XII. Other. Please specify    
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23. Irrespective to the testing laboratory (as in, both contractors and state), which option do you 

think is correct? [mark all that apply] 

I. Employees manipulate volumetric testing data on their own 

II. Employees follow recommendation from the contractor to manipulate volumetric 

testing data 

III. Employees follow recommendation from the department to manipulate volumetric 

testing data 

IV. Not sure 

V. Not applicable 

VI. Other. Please specify    

 

24. Anything else you would like to share at this time? 

 

25. If you would like to be interviewed and provide more detailed information, please provide your 

contact information and availability time OR please contact the research team at 

deb.mishra@okstate.edu or mojtabasadegh@boisestate.edu. 
 

26. If you want to share your email address please share it. 
 
  

mailto:deb.mishra@okstate.edu
mailto:deb.mishra@okstate.edu
mailto:deb.mishra@okstate.edu
mailto:mojtabasadegh@boisestate.edu
mailto:mojtabasadegh@boisestate.edu
mailto:mojtabasadegh@boisestate.edu
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Appendix E. Sensitivity Analysis Results 

 

Figure 1. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in calibration factor. 
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Figure 2. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in combined Gb. 

 

Figure 3. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in combined Gsa. 
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Figure 4. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in combined Gsb. 

 

Figure 5. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in elapsed time. 
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Figure 6. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in LSL DP. 

 

Figure 7. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in LSL P200. 
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Figure 8. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in LSL Pa. 

 

Figure 9. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) with 
respect to changes in LSL VFA. 
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Figure 10. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in LSL VMA. 

 

Figure 11. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass basket assembly & final aggregate. 
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Figure 12. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass basket assembly & initial sample. 

 

Figure 13. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass basket assembly. 
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Figure 14. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of bowl increment 2. 

 

Figure 15. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of bowl sample increment 1. 
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Figure 16. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of bowl sample increment 2. 
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Figure 17. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of puck dry specimen 1. 

 

Figure 18. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of sample design mass. 



 

Statistical Analysis of 2018 HMA Production Data 180 
 

 

Figure 19. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of sample specimen 1. 

 

Figure 20. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass of sample specimen 2. 
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Figure 21. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass pan and dry sample. 

 

Figure 22. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in mass pan and initial sample. 
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Figure 23. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in oven temperature. 
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Figure 24. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in pan mass. 

 

Figure 25. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in sample height specimen 1. 
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Figure 26. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in sample height specimen 2. 
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Figure 27. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in submerged weight of bowl and sample inc1. 
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Figure 28. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in submerged weight of bowl and sample inc2. 

 

Figure 29. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in submerged weight of bowl inc1. 
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Figure 30. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in submerged weight of bowl inc2. 

 

Figure 31. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in submerged weight of puck in water specimen 1. 
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Figure 32. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in submerged weight of puck in water specimen 2. 

 

Figure 33. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in surface temperature specimen 1. 
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Figure 34. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in surface temperature specimen 2. 

 

Figure 35. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in temp of sample when placed in mold specimen 1. 
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Figure 36. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in temp of sample when placed in mold specimen 2. 

 

Figure 37. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to changes in temperature compensation. 
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Figure 38. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to time compaction begins specimen 1. 

 

Figure 39. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to time compaction begins specimen 2. 
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Figure 40. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to uncorrected binder content. 
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Figure 41. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to USL DP. 

 

Figure 42. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to USL P200. 
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Figure 43. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to USL Pa. 

 

Figure 44. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to USL VFA. 
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Figure 45. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to USL VMA. 

 

Figure 46. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to water bath temp inc 1. 
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Figure 47. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to water bath temp inc 2. 

 

Figure 48. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to water bath temp specimen 1. 
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Figure 49. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to water bath temp specimen 2. 

 

Figure 50. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to weight of puck ssd specimen 1. 
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Figure 51. Sensitivity of VMA, Gmb, Gmm, and Pa parameters (sub plots b, c, d and e respectively) 
with respect to weight of puck ssd specimen 2. 

 


	Structure Bookmarks
	IDAHO TRANSPORTATION DEPARTMENT 




Accessibility Report


		Filename: 

		Statistical Analysis of 2018 HMA Production_REM.pdf




		Report created by: 

		Nellie Kamau, Catalog Librarian, Nellie.kamau.ctr@dot.gov

		Organization: 

		DOT, NTL




 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found problems which may prevent the document from being fully accessible.


		Needs manual check: 0

		Passed manually: 2

		Failed manually: 0

		Skipped: 0

		Passed: 26

		Failed: 4




Detailed Report


		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Passed		Document is tagged PDF

		Logical Reading Order		Passed manually		Document structure provides a logical reading order

		Primary language		Passed		Text language is specified

		Title		Passed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Passed manually		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Passed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Passed		Tab order is consistent with structure order

		Character encoding		Passed		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Passed		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Failed		Figures require alternate text

		Nested alternate text		Failed		Alternate text that will never be read

		Associated with content		Passed		Alternate text must be associated with some content

		Hides annotation		Passed		Alternate text should not hide annotation

		Other elements alternate text		Passed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Passed		TH and TD must be children of TR

		Headers		Failed		Tables should have headers

		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Failed		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Passed		LI must be a child of L

		Lbl and LBody		Passed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Passed		Appropriate nesting






Back to Top
