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DOTs to validate contractor data
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OUTLINE

• Requirements When Using Contractor Data in Agency 
Acceptance Decisions Regulatory Requirements
Regulatory Requirements
NCHRP Project 10-100 Overview

• Best Practices for Validating Contractor Data Used in Agency 
Acceptance Decisions
NCHRP Project 10-100 Recommended Guidelines for Validation
 Illustrated & Important Scenarios / Risks to Consider



Code of Federal Regulations:
23 CFR 637 Subpart B -
Quality Assurance Procedures for Construction

Policy: Quality Assurance (Non-Regulatory 
Supplement to 23 CFR 637) July 2006

BACKGROUND – REGULATORY REQUIREMENTS

• 23 CFR 637B permits the use of Contractor test data for 
construction materials acceptance.

• As long as SHAs validates the Contractor data with 
independent test results.

• Applies to NHS & SHA’s also use on other route classifications



AGENCY RISK MANAGEMENT

Testing  and 
Inspection Costs

Quality  and 
Performance Risk

Source: FHWA



QA 
Program

Agency 
Acceptance

Dispute 
Resolution

Independent 
Assurance

Contractor
Quality Control

Lab 
Qualification

Technician 
Qualification

6 CORE ELEMENTS OF A QUALITY ASSURANCE (QA) PROGRAM

TRB E-C235
Source: FHWA



QA PROGRAM - CONTRACTOR QUALITY CONTROL (QC)

•Materials sampling, testing & inspection

•If part of acceptance decision
Independent of agency verification 
Qualified technicians
Qualified laboratories
Independent assurance evaluation

See 23 CFR 637.207(a)(1)(ii).

Source: FHWA



QA PROGRAM – AGENCY ACCEPTANCE

•Verification sampling, testing & inspection

•Quality evaluation

•Acceptance & payment
May include contractor test results if validated – …

See 23 CFR 637.205(d) and 637.207(a)(1)(ii)(B).

Source: FHWA



NCHRP PROJECT 10-100 BACKGROUND

• Many SHAs use Contractor test results in acceptance
decisions

• A need to identify procedures currently available for 
validating Contractor test data

• A need to develop statistically sound and practical
procedures for validating Contractor test data



NCHRP PROJECT 10-100  OBJECTIVES

• Recommend procedures for validating Contractor test data 
for construction materials

• Prepare guidelines for the application of the recommended 
procedures in the form of a proposed AASHTO practice

• Illustrate for 5 Scenarios/Risks Identified including Non-
validation 



RESEARCH PLAN

• Gathering Information
 Literature Review
 SHA Survey 
 SHA Specs

• Identified Statistical Tests
 Shortlisted with Statistician
 Identified and Evaluated Risks
Underlying assumptions, n, …

Apply to DOT Data
Recommend Sampling, 
Testing and Validation Plans



LITERATURE REVIEW - SUMMARIZED INTO SEVEN CATEGORIES

1. Validation Techniques and Diversity in Procurement Methods

2. Existing, Modified or New Statistical Tests

3. Concern with Bias

4. Nonparametric tests

5. Potential Risks associated with Mean and Variance tests

6. State of the Practice

7. Policy, Standards, and Guideline



STATE OF THE PRACTICE – FHWA STEWARDSHIP REVIEWS

• FHWA Quality Assurance Assessment Report

• 30+ SHAs were using Contractor test results in acceptance 
decision process

Rafalowski, M., J. Withee, and D. Dvorak, “2014 Quality Assurance Assessment Report,” Federal Highway Administration, Washington, D.C., December 2015.
Rafalowski, M., J. Withee, D. Dvorak, and J. Dietz, “FHWA Materials Quality Assurance (QA) Assessment,” PowerPoint Presentation, Federal Highway 
Administration, Washington, D.C., December 2015.



STATE OF THE PRACTICE – FHWA STEWARDSHIP REVIEWS

• SHAs using F- and t-tests for validation
 25% for PCC
 30% for HMA

Rafalowski, M., J. Withee, and D. Dvorak, “2014 Quality Assurance Assessment Report,” Federal Highway Administration, Washington, D.C., December 2015.
Rafalowski, M., J. Withee, D. Dvorak, and J. Dietz, “FHWA Materials Quality Assurance (QA) Assessment,” PowerPoint Presentation, Federal Highway 
Administration, Washington, D.C., December 2015.



SURVEY OF SHAS

• Low Response Rate – Take with Grain of Salt
 29 SHAs completed the survey
 76% (22 of 29 SHAs) use Contractor test results in acceptance procedure
 For:
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F- & t- test 
(independent) 17.6%

F- & t- test 
(split) 5.9%

average 
deviation 

(AD) 17.6%
Multi-lab 
precision 

value
17.6%

Other
41.2%

SURVEY OF SHAS – TESTS USED FOR HMA

F- & t- test 
(independent) 27.3%

average 
deviation 

(AD)
18.2%

Multi-lab 
precision 

value
27.3%

Other
27.3%

HMA PCC



SHORTLIST OF STATISTICAL TESTS



RISK IDENTIFICATION AND MITIGATION



RESEARCH PLAN

• Numerical Analysis
Monte Carlo Simulation
Shortlisted Tests
PCC & HMA AQCs
4 μ and σ scenarios
3 Distribution Types
 7 ratios of nC vs nA



NUMERICAL ANALYSIS

• AQC’s

• Typical Values

• Typical Variability



NUMERICAL ANALYSIS

• 4 μ and σ Scenarios
1. 𝜇𝜇1 = 𝜇𝜇2 and 𝜎𝜎1 = 𝜎𝜎2
2. 𝜇𝜇1 = 𝜇𝜇2 and 𝜎𝜎1 ≠ 𝜎𝜎2
3. 𝜇𝜇1 ≠ 𝜇𝜇2 and 𝜎𝜎1 = 𝜎𝜎2
4. 𝜇𝜇1 ≠ 𝜇𝜇2 and 𝜎𝜎1 ≠ 𝜎𝜎2

• Success Rate of Each Test

• Repeated for
 Ration nC vs nA

 Normal Distributions
 Skewed Distributions
 Against a Spec Limit

 Bimodal Distributions
 Production Changes

Success Rate % =
𝑁𝑁𝐻𝐻0
NT

×100



COMPARED PERFORMANCE OF TESTS



REPEATED NA WITH REAL PROJECT DATA (5 SHAS)



RESEARCH PLAN

• SHA Data

• Recommended Procedures



COMPARED PERFORMANCE OF TESTS WITH REAL PROJECT DATA



RECOMMENDED TESTS

• Welch’s t-test
Unequal variance t-test

• F-test

• Tests Do Not Eliminate All Risks, More to Come…

Welch's t-test performs better than Student's t-test whenever sample 
sizes and variances are unequal between groups, and gives the same 
result when sample sizes and variances are equal.



VALIDATION PROCEDURE

1. Sampling

2. Primary Validation

3. Secondary Validation

4. Dispute Resolution



VALIDATION PROCEDURE
1. SAMPLING



VALIDATION PROCEDURE

• Sampling
Lot and sublot definitions?
A pour, a day’s production,…
Resources required, time required, ...
Minimum n tolerable (must do risk analysis)
Be conscious of $ at risk for contractor

Where and process?
Purpose – sample size, # splits needed?
Labeling, chain of custody, storage and integrity
Not in scope…tests and application of them 
 Illustrate w/ Minimum to use Validation Procedure



SAMPLING
DETERMINATION OF SHA'S RISK AND OPTIMUM SAMPLE SIZE

• FHWA-RD-02-095
 Chapter 7

• OC curves
• Risk
 Hypothesis tests
 $/lot



1. SAMPLING

• A minimum of six sublots per lot, more is better…

• Split each sample into three or more equal portions 

• Label samples 1-A, 1-C, 1-R, 2-A, 2-C, 2-R and so on
A = SHA, C = Contractor, R = Referee



1. SAMPLING

• Chain of custody to maintain sample integrity

• SHA standard for security & integrity of Validation and 
Referee sample portions

• Integrity:
 Clearly labeled
 Securely sealed
 Properly stored
…



• Contractor tests all sublot splits (1-C, 2-C, 3-C, 4C, 5C, 6C)

• SHA randomly selects 3 sublots for validation testing (e.g., 1-A, 3-A, and 6-A)

• 3 verification results is minimum number to produce statistically valid results 

1. SAMPLING



1. SAMPLING

• Contractor tests sublots corresponding to the SHA samples excluded from 
F- and t-tests in the primary validation (e.g., 2-C, 4-C, and 5-C)

• Independent samples used, CFR satisified



VALIDATION PROCEDURE
2. PRIMARY VALIDATION



2. PRIMARY VALIDATION



2. PRIMARY VALIDATION
OUTLIERS DETECTION

• Evaluate SHA and Contractor data sets for outlying observations

• ASTM E178 “Standard Practice for Dealing With Outlying 
Observations”



• If an outlier is detected in either set:
 Investigate to determine probable cause(s) of the outlying data
Make a decision to discard or not 
 Only if explainable - “flyer”
 Correct the cause(s) for subsequent sampling and testing
QA plan should address resampling and testing
 No, Yes, if so procedure and how used in QA plan
Don’t abuse – frequency - IA 

2. PRIMARY VALIDATION
OUTLIERS DETECTION



2. PRIMARY VALIDATION
HYPOTHESIS TESTING



2. PRIMARY VALIDATION
HYPOTHESIS TESTING

• Compare variabilities with F-test 

• Compare means with Welch’s t-test

• If F-test and Welch’s t-test Pass, data sets are from the same 
population, Contractor’s data are considered validated

• If either the F-test (Fail) or Welch’s t-test (Fail), then the 
Contractor’s data are not validated

• Proceed to secondary validation

Some suggest F-test not needed



VALIDATION PROCEDURE
3. SECONDARY VALIDATION



3. SECONDARY VALIDATION
PAIRED T-TESTING

• Compare means of 
Contractor and SHA results 
from all (split portions) 
using the paired t-test



3. SECONDARY VALIDATION

• Compare means of Contractor and SHA results from all (split portions) using 
the paired t-test (1-A, 1-C, 3-A, 3-C, 6-A, 6-C)

• If paired t-test (Pass), Contractor’s data are validated

• If paired t-test (Fail), then the Contractor’s data not validated

• The comparison may proceed to Dispute Resolution



VALIDATION PROCEDURE
4. DISPUTE RESOLUTION



4. DISPUTE RESOLUTION



4. DISPUTE RESOLUTION

• Test the Referee portion of each sublot corresponding to the SHA samples 
used for verification - splits 1-R, 3-R, 6-R (independent accredited lab)

• More powerful statistical procedure than a single split sample comparison

• 2 Paired t-tests:
 Referee vs SHA
 Referee vs Contractor

• Who pays for it?
 Loser
 Why

Referee



4. DISPUTE RESOLUTION

• 3 possible 
outcomes of the 
2 paired t-tests:



4. DISPUTE RESOLUTION

• 3 possible outcomes of the 2 paired t-tests:

Outcome Referee vs 
SHA

Referee vs 
Contractor 

Validation 
Decision

1 Fail Pass Validated

2 Pass Fail Not Validated

3
Pass Pass lowest p-value 

wins the 
comparisonFail Fail



VALIDATION PROCEDURE

1. Sampling

2. Primary Validation

3. Secondary Validation

4. Dispute Resolution



EXAMPLES
TO ILLUSTRATE USE OF RECOMMENDED PROCEDURES



EXAMPLES

• Examples to illustrate use of the recommended procedures 
for different scenarios 

• The data used for these 5 examples was all actual project 
data obtained from SHAs
 Sample Size
 Sampling method - split vs. independent
Outlier Detection
 Retesting or Resampling and Retesting
 Validation vs. Non-Validation of Contractor Results



EXAMPLES
SAMPLE SIZE



EXAMPLES
SAMPLE SIZE

• 3 SHA samples is minimum number required to perform the 
statistical tests (F- and t-tests)
Not Recommended – Used to Illustrate Procedure

• SHAs should always assess risk when establishing minimum 
sample sizes

• Select optimum number of samples for validating Contractor 
test data as a function of SHA buyer’s risk (β) and Contractor 
seller’s risk (α), and sample size, n



EXAMPLES
SAMPLE SIZE

• Some SHA data contained 1 SHA sample / lot 

• The F-test cannot be performed in this case

• Some SHAs use D2S limits X ± R (survey of SHAs)

• This puts SHAs at higher risk of making wrong acceptance 
decisions

Cumulative sampling proposed to overcome this challenge…



EXAMPLES
SAMPLE SIZE - CUMULATIVE SAMPLING

• Cumulative sampling utilizes a concept similar to a moving 
average

• A fixed number of lots (e.g., 3) are accumulated to form a 
single Cumulative Validation Lot (CVL) 

• Lots 1, 2, and 3 form CVL 1 

• Lot 1 in the set is dropped and a new lot is added (lot 4) to 
form CVL 2



EXAMPLES
SAMPLE SIZE - CUMULATIVE SAMPLING

Lots 1, 2, and 3 form CVL 1



EXAMPLES
SAMPLE SIZE - CUMULATIVE SAMPLING

Lot 1 is dropped and a new lot is added (lot 4) to form CVL 2



EXAMPLES
SAMPLE SIZE - CUMULATIVE SAMPLING

And so on …



EXAMPLES
SAMPLE SIZE - CUMULATIVE SAMPLING

• The window of three lots (or more) continue until a CVL is 
not validated

• Then the process restarts, and a new CVL is formed

• Same Validation process occurs

• Warning – Watch cumulative quantity / $ at Risk
 Think CVL quantity / $



PROPOSED AASHTO PRACTICE

• Proposed AASHTO practice Outline:
Background
Referenced documents
Definitions of key concepts
Procedures and guidelines for validating Contractor test data
Recommended sampling plans
A procedure for determining statistical outliers
Statistical Tables



PROPOSED AASHTO PRACTICE



SUMMARY

• 6 Key Elements to QA Program

• 23 CFR 637B permits the use of Contractor test data for construction 
materials acceptance, as long as SHAs validates the Contractor data with 
independent test results

• About 30 SHAs use Contractor test data

• Some use F- & t-tests, some use less rigorous higher-risk methods

• Evaluation of available statistical test methods with consideration of risks

• Applied to state DOT HMA & PCC QC and Acceptance data to select tests 



SUMMARY

• NCHRP Project 10-100 Recommendations
 Use F- and Welch’s t-tests for Primary Validation
 Use paired t-test for Secondary Validation
 Consider use of Proposed AASHTO Practice – Recognizing Identifies Risks 
 Cumulative sampling technique helps with n – Watch quality / $ risk
 D2S & X ± R, high risk – Not recommended
 Clearly Address in QAP Requirements
 Sampling and Sample types 
 Data quality - outlying data
 Dispute resolution, 
 Re-testing in QAP Requirements
 Project Report will illustrate Scenarios
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