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Core Elements of Quality Assurance 

Quality Assurance 

Quality 
Control 

Agency 
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Material Process Sampling Testing 
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Quality Measurement Tools 

• Measure conformance with requirements: 

 

    Testing 
 

Inspection 
 

 



Agency Role 

• Agency Acceptance 

– Measure the Quality  

– Determine the payment 

– Insure compliance with the QC plan 

 



Agency Benefits 

• QC Plan  =>  specification compliance 

• Saves inspection cost 

– Minimizes deficiency evaluation effort 

– Minimizes rework 

– Minimizes the construction time 

• Improved project staffing scheduling 



Quality Control 

• Contractor Quality Control 

– What the contractor does 

– NOT more of what the agency does 

– Prepare a QC plan 

– Watching for change 
Mixture design 

 Mixture  Evaluation 

 Production 

 



QC Tests are the Building Blocks for Acceptance 

Strength 

Water/Cementitious 
Ratio 

Moisture 
tests 

Mixing 
time 

Gradation 

Stockpile 
Management 

QC is NOT doing more of the what the Agency does for acceptance! 

QC tests 

Process control 

Acceptance tests 



Scope of Quality Control Activities 

• Contractor’s QC system should address: 

– Materials production  

– Materials transportation and handling 

– Field placement  procedures 

– Calibration and maintenance of equipment 

– Sampling, testing, and inspection to maintain each process 
“in control” 

– Use of QC information to make timely adjustments 



Contractor Benefits 

• Competitive Advantage at the bidding table 

– Reduce construction costs 
• Avoid re-work 
• Safety implications 

– Reduce Disincentives 
• Saves costs 
• Increases profits 

– Increase Incentives 
• Know you will get full incentive 
• Use incentive to reduce bid amount 

• Allows time for monitoring the process 



Supporting Elements of Quality Assurance 

• Qualified Laboratories  

• Qualified Personnel 

• Independent Assurance 

• Dispute Resolution 

 



Testing Variability 

Three sources 

• Technician 

• Procedure 

• Testing equipment 

 



Validity of Sampling Data 

• Required for Statistical analysis:  
 

1. Multiple (n > 3) samples are used 

2. All samples are randomly obtained 

3. Samples are obtained under controlled conditions 

 



Statistical Process Control (SPC) 

• Monitor QC measurements and react 

– Concentrate on identifying change 

– Do not focus on specification limits 

– Changes in materials and/or processes  
• Unusual test results 
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Control Charts 

• Control charts DO NOT 

– Eliminate variability 

– Tell you where your problem lies  

– Tell you how to correct the problem 
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Dual Axis Plot Example 

• Air content plotted on the left vertical axis 
• Plot unit weight on the right vertical axis 
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Limits 

Air Content Ahead of the paver 

Remove 

Remove 

Disincentive 

Disincentive 
Specification Limit 

Engineering Limit 

Action Limit 



Performance Engineered Mixture 
 (PEM) Concept 

• Understand 
– What makes concrete last  
– What failure mechanisms we see 

• Specify critical properties and test for them 

• Prepare the mixtures to meet those specifications 

• Starting point 
– For acceptance program for owner agencies 



AASHTO PP 84-17 

• AASHTO PP 84-17 is a part of the standard specification 

• This is Provisional Practice 

– Intended to evolve based on field experience 

This document seeks to provide agencies with tools to 

prepare a specification for concrete mixtures that moves 

closer to measuring and basing acceptance on parameters 

that are truly critical to the long-term performance of the 

system.  



Strength 

In the past… 

• We could measure it 

• Best we had 

• Thought to relate to long term performance 

• If you mess it up, it always gets worse, not better 

• ONE-MAN BAND!! 

 

One-Man Band 



Performance Engineered Mixtures (PEM) 

• Strength 

• Cracking tendency 

• Freeze-Thaw durability 

• Permeability 

• Aggregate stability 

• Workability* 
 

Six-Man Bands 

The Association  
Iron Maiden 

Jefferson 
Airplane 



Performance Engineered Mixtures (PEM) 

Mixture Design Production Testing 

Quality control Agency Acceptance 



PEM 

• PEM is like a buffet 

• Pick what you like from the different groups 
– Salads 
– Bar B Que 
– Chinese 
– Dessert 



Strength 

Property
Mixture 

Qualification
Acceptance 

Flexural Strength Yes Yes

Compressive Strength Yes Yes

Selection 

Details 

Choose either 

or both



Reduced Cracking 

Property 
Mixture 

Qualification
Acceptance 

Selection 

Details 

Volume of Paste Yes No 

Unrestrained Volume Change Yes No 

Unrestrained Volume Change Yes No 

Restrained Shrinkage Yes No 

Restrained Shrinkage Yes No 

Probability of Cracking Yes No 

6.4 Reducing Unwanted Cracking Due to Shrinkage

Choose only 

one

*Prescriptive alternative 



Freeze – Thaw Table 
Property 

Mixture 

Qualification
Acceptance 

Water to Cement Ratio Yes Yes

Fresh Air Content Yes Yes

Time of Critical Saturation Yes No Note 1 Note 2

Deicing Salt Damage Yes Yes

Deicing Salt Damage Yes Yes

Calcium Oxychloride Limit Yes No 

Choose one

Selection Details 

Choose 

only one
Fresh Air Content/SAM

Choose Either 

6.5.1.1 or 6.5.2.1

6.5 Durability of Hydrated Cement Paste for Freeze-Thaw Durability

Yes Yes



Permeability 

Property 
Mixture 

Qualification
Acceptance 

Selection 

Details 
Special Notes

6.6 Transport Properties 
Water to Cement 

Ratio
Yes Yes

    RCPT Value Yes Yes
Other criteria could be 

selected

Formation 

Factor/Resistivity
Yes through r

* Note this is currently 

based on saturated curing 

and an adjustment is 

needed to match with 

AASHTO Spec

Ionic Penetration, 

F Factor 
Yes, F through r

Choose Only 

One



Aggregate Stability 

Property 
Mixture 

Qualification
Acceptance 

Special 

Notes

6.7 Aggregate Stability 
D Cracking Yes No 

Alkali Aggregate 

Reactivity
Yes No 

Selection Details 



Workability 

Section Property 
Mixture 

Qualification
Acceptance 

Special 

Notes

6.8.1 Box Test Yes  No

6.8.2
Modified V-Kelly 

Test
 Yes No

Selection 

Details 

6.8 Workability 



Quality Control 

• PP 84 acknowledges the key role of QC in a performance 
specification 

• Requires QC testing and control charts 
● Unit weight   ●Water content   ● Air content/SAM   ● Strength 
● Formation Factor (via Surface Resistivity) 

• Requires an approved QC Plan 
– Testing targets, frequency, and action limits 
– Equipment and construction inspection 

 

 



Optimized Combined Gradation 

• Evaluate the combined aggregate gradation  

• Often utilizes an intermediate size aggregate 

• Maximize the filling of the space with aggregate 

• Leads to minimizing paste content 
– Water and contaminates enter through paste 

– Reduces permeability 

 

Gap graded 

Well graded 
Iowa DOT 
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workability 

Creates surface 
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Decreases workability and 
promotes segregation and edge 

slumpling

Increases cohesion and 
reduces edge slumping

Tarantula Curve 



http://www.cproadmap.org/publications/MAPbriefApril2017.pdf 

http://www.cproadmap.org/publications/MAPbriefJuly2017.pdf 



One Pagers 
• Effort to use FHWA Mobile Concrete Trailer data 

• Narrowly focused 

• Meant to stir interest and point reader to resources 
– 1st : Cement Content   
– 2nd: Optimized Mix Design 
– 3rd : Cores vs. Cylinders 
– 4th : NDT Pavement Thickness 
– 5th:  Tining/Surface Texture 
– 6th:  Surface Resistivity Test 

www.fhwa.dot.gov/pavement/concrete/trailer/resources 



Quality Fundamentals 

• Using inspection & testing 

• Insure materials quality  

• Recognize inherent variability 

• Utilizing testing targets and limits 

• Insuring the validity of sampling data 
– Random sampling 

• Testing 
– The right quality characteristics 
– Real time 
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