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FHWA Concrete Research
• In-House / Inter-Agency / Earmarks

• Contracts / Cooperative Agreements

• Pooled Fund Studies

Turner-Fairbank
Highway Research 

Center
Federal Highway 

Administration



FHWA Organization Re: Concrete
Structures 
FHWA HQ Washington, DC
Office of Bridge Technology
FHWA Resource Center

High Performance Concrete

Pavements 
FHWA HQ Washington, DC
Office Pavement Technology
FHWA Resource Center

Pavement / Materials

Pavement – Research
FHWA TFHRC McLean, VA
Office of Infrastructure R&D
 -- Concrete Labs
 -- Mixing, Mech Prop, Creep
 -- CTE, Fz-Tw, Scaling
 -- Petrography
 -- Chemistry
 -- Outdoor ALF

Structures – Research
FHWA TFHRC McLean, VA
Office of Infrastructure R&D
 -- Structures Lab
 -- NDE Lab
 -- GeoTech Lab
 -- Outdoor Labs
 -- Bridge
 -- Reinforced Earth



Presently in Pavements and Structures 
SCMs Used & Often Required in Concrete

 Fly Ash Regulatory Situation

 Comments to EPA by FHWA and AASHTO

 FHWA/FAA Research on Fly Ash/SCMs

 FHWA Workshop 

 Steps Research a New Fly Ash Specification

 FHWA Research at TFHRC and Outside

 EAR - Exploratory Advanced Research Program

 FHWA Participation
 NIST Virtual Cement and Concrete Lab (VCCTL)

 Int’l Summit: Cement Hydration Kinetics & Modeling



Highway Concrete Challenges
 Less CO2; Less Clinker; Sustainable
 Use Local Materials
 How Analyze / Approve Alt. Materials
 Mechanical / Strength Properties
 Resist Corrosion – Br. Decks, Pre-Stress
 Durability

 Freeze-Thaw
 Chemicals – Anti-Icing, Deicing, MgCl2
 ASR
 Internal Sulfate Attack: Ettringite, DEF



Highway Concrete Challenges

 Getting New Materials on Projects
 50+ Agencies – How to Accelerate Adoption?
 FHWA HQ, Div., Resource Center, Fed Lands

 Some Suggestions
 Involve AASHTO Subcommittee on Materials
 Promote ASTM / AASHTO Collaboration
 NTPEP – National Transportation Product 

Evaluation Program – Involve State DOTs
 SPEL – Special Products Evaluation List

 Data from one State Shared with Others



FHWA Research and Deployment
• Current

 ASR Mitigation and Gel Identification
 Freezing and Thawing, Air Distribution, AVA
 Coefficient of Thermal Expansion (CTE)
 Ultra High Performance Concrete Girders
 Reinforced Earth/Aggregate Bridge Abutments
 Permeability, Transport Properties, Corrosion
 Concrete Pavement – Texture, Friction, & Noise
 Fly Ash Properties and Specifications
 Ternary Cementitious Blend Mixtures (Pooled Fund)

 Mixture Optimization – Compass Software
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FHWA Research and Deployment
• Future

 ASR Technology Implementation
 ASR Structure/Pavement Inventory
 ASR Research (Mechanism?, Expansion 

Remaining?)
 More Fly Ash Use in Concrete
 Lightweight Aggregate Bridges
 Internal Curing
 Link Mix Optimization with NIST VCCTL
 CP Mix Design, Proportioning, Analysis (Pavement)

 Pavement Surface (Abrasion, Texture)
 NDT Inspection, QC/QA, Internal Temp. & RH



Pavement / Structures Research Areas
• Pavement

 Concrete Pavement – CP Road Map Res. Tracks
 Asphalt Pavement
 Aggregates for Pavement
 ASR Research and Deployment
 Coord. Earmarks & University Research Centers
 Alternative Pavement Materials & Sustainability
 Alternative Cementitious Materials

• Structures
 Bridge of the Future
 Ultra-High Performance Concrete
 Lightweight Concrete
 Other



Example Concrete - High Amounts of Class C Fly Ash



Activated Fly Ash Concrete with
No Portland Cement in the Mixture

 Two Demo Lab Batches Baltimore
 Rapid Set (30 Min)
 Normal Set (90 Min)

 Concrete Pump Placement:
 Molten Sulfur Flume Construction, 

Galveston, TX

 Mostly Class C Fly Ash (Cementitious Material)



Demo Lab Batches Baltimore

 Rapid Set (30 Min)
 Set Time 35 Min
 Slump 4.5 in.
 A/E 6.0% Total Air
 4 x 8 in. Cylinders

 3, 4 Hours
 1,3,7,28 Days
 3 Months
 Static Mod of E
 Poissons Ratio
 CTE

 Normal Set (90 Min)
 Set Time 85 Min.
 Slump 7.0 in.
 A/E 6.5% Total Air
 4 x 8 in. Cylinders

 4 Hours
 1,3,7,28 Days
 3 Months
 Static Mod of E
 Poissons Ratio
 CTE
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Demo Lab Batches Baltimore

 Rapid Set (30 Min)
 3 Hr – 2600 psi
 4 Hr – 2840 psi
 1 Day – 4030 psi
 3 Days – 4240 psi
 7 Days – 5830 psi
 28 Days – 7610 psi
 1 Month – 8370 psi
 E – 5,740,000 psi

 CTE – 9.8 µε/°C

 Normal Set (90 Min)
 3 Hr – N/A
 4 Hr – 1610 psi
 1 Day – 2930 psi
 3 Days – 3410 psi
 7 Days – 4790 psi
 28 Days – 6620 psi
 1 Month – 7770 psi
 E – 5,400,000 psi

 CTE – 9.8 µε/°C



Demo Lab Batches Baltimore



Redi Max Concrete Pump Placement: Molten 
Sulfur Flume Construction, Galveston, TX

 Normal Concrete “Dry Batch” Plant

 Class C Fly Ash in “Cement” Silo

 Granite Crushed Stone Coarse Aggregate

 Natural Sand Fine Aggregate

 Some bagged Class F Fly Ash

 Activation Chemicals: Used Admix Pump

 Thoroughly Mixed Concrete in Truck Mixer 
– Water Added Thru Truck System 
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TFHRC Concrete Lab Example Trial Batches 
50% Class F Fly Ash Concrete for PCCP

 All Portland Cement

 Slump 1.5 in.
 A/E 6% Total Air
 7 Days – 3990 psi
 28 Days – 5190 psi
 3 Months – 5710 psi

 50% Class F Fly Ash
(Processed Fly Ash)

 Slump 1.5 in.
 A/E 6% Total Air
 7 Days – 3900 psi
 28 Days – 4550 psi
 3 Months – 5400 psi



Example Fly Ash Beneficiation at
Brandon Shores Power Plant Maryland



Fly Ash Feed Silo to Separation Equipment –



Site Generation Information: Two stacks, each 700 ft high 

• Brandon Shores produces 600,000 tons of fly ash/year.

• Most formerly used as structural fill (Brandon Woods Commercial Park) 

• Unit 1 on line 1984; Unit 2 on line 1991 

• Units 1 &2 are identical units, each 690 MW gross; Capacity:1,296 MW

•Selective Catalytic Reduction (SCR) added 1999 at cost of $100 million

•90% reduction in NOx, May to Oct, at a cost of about 4% plant efficiency

•Plant also has overfire air and low NOx burners

•Hot side ES precipitator in front of SCR 

Major Fuel Type:

•Coal, used at 250 tons per hour (5-6000 ton per typical day) 

•All coal is received by 7000 ton capacity barges (shared with Wagner) 

•There is normally a 300,000 ton storage pile (30 day backup) 

•0.7% Sulfur coal is used to avoid a need for scrubbers 

Brandon Shores Power Station – Maryland



Constellation Energy is installing
wet scrubbers after fly ash removal
 Constellation Energy is installing flue gas 

desulfurization (FGD) emissions controls 
(also called "wet scrubbers") on Brandon 
Shores power plant. The scrubbers will 
reduce the plant's sulfur dioxide (SO2) 
emissions by an estimated 95 percent and 
existing mercury emissions by 90 percent. 



Separation Technology Equipment



Separation Technology QC Lab



Fly Ash – Hi Carbon   : Feed : Product

Hi Carbon   : Feed : Product



Fly Ash – Hi Carbon : Feed : Product



Fly Ash Product Storage Dome



Fly Ash Truck Scales Load Out



Loss On Ignition (LOI) – QC Furnace at 750 C



Foam Index Test – Steps



Foam Index Test – Steps
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Foam Index Test – Steps
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Foam Index Test – Steps



Fly Ash Samples Held for Troubleshooting



Class F 
Fly Ash 
Product

 Total Silica, Alumina, Iron – 92.3 %

 Silicon Dioxide – 60.2 %

 Aluminum Oxide – 29.0 %

 Iron Oxide – 3.1 %

 Calcium Oxide – 0.6 %

 Sulfur Trioxide – 0.0 % 

 Moisture Content – 0.0 %

 Loss on Ignition – 1.2 %

 Avail. Alkalis (as Na2O) – 0.4 %

 Sodium Oxide – 0.06 %

 Potassium Oxide – 0.56 %

 Retained on # 325 Sieve – 20.9%

 Density Mg / cu. m – 2.13 (Specific Gravity)



Strength Results: Concrete Paving Mixture 
(1.5 in. Slump and 6% Entrained Air)

100 % Port. Cement 50-50 Class F Fly Ash & 
Cem

Sample ID 9065C 9065D 9066C 9066D
Diameter / In 4.00 3.99 4.03 4.03
Length / In 7.89 7.86 7.89 7.94
Load / lb 66550 63600 57460 58610

Area, sq. in. 12.57 12.50 12.76 12.76
Comp. Strength/PSI 5296 5087 4505 4595 % of 100% Cem

28-day Strength Avg. 5191 4550 87.6

Sample ID 9065A 9065B 9066A 9066B
Diameter / In 4.00 4.02 4.02 4.02
Length / In 7.86 7.85 7.86 7.88
Load / lb 50540 50200 50380 48720

Area, sq. in. 12.57 12.69 12.69 12.69
Comp. Strength/PSI 4022 3955 3969 3839 % of 100% Cem
7-day Strength Avg. 3988 3904 97.9



EAR Exploratory Advanced Research

 Greatly Increased Use of Fly Ash in 
Hydraulic Cement Concrete (HCC) 
for Pavement Layers and 
Transportation Structures

 Research Partners:
 Purdue University
 Auburn University
 NIST
 NRMCA
 FHWA
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Research Ecology
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EAR Focus Areas

 Integrating highway system concepts
 Nanoscale research 
 Human behavior and Travel Choices
 New technology and advanced policies for 

energy and resource conservation
 Information sciences
 Breakthrough concepts in material 

science 
 Technology for assessing performance
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Advanced R & D – Modeling Innovation

 NIST VCCTL – Members Include FHWA

 FHWA, NIST Rheology Research
 Hydration Summit (TN Tech; Laval U.)

 Group Reports in Cement & Concrete Research

 Hydration Research Roadmap

 Collaboration
 FHWA; Other DOT Agencies
 NIST
 TN Tech
 MIT Sustainability Hub; NRMCA; PCA



For more information:
 Richard Meininger, FHWA Office of Infrastructure R&D

 richard.meininger@dot.gov
 Phone 202-493-3191

mailto:richard.meininger@dot.gov�
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