
TURNER-FAIRBANK HIGHWAY RESEARCH CENTER

National Concrete Consortium
Spring 2018 

Ahmad A. Ardani, P.E.
Infrastructure Materials Team

FHWA @ TFHRC
Coeur d’Alene, ID, April 24, 2018 



TURNER-FAIRBANK HIGHWAY RESEARCH CENTER

FHWA/TFHRC Research Update

 Completed Studies:
 Novel Method to Quantify Adsorption Capacity of Fly Ash

 Miniaturization of Modulus of Rupture Beams – Interlab Study 

 In-progress Studies:
 FHWA PEM Activities at TFHRC’s Concrete Lab

 Benchmarking MCPT & CCT as ASR Mitigation Measures
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Quantifying Fly Ash Adsorption Using Sorbsensor 
TFHRC/Headwaters Inc. Collaboration

• Fluorescence-base technology!
• Fly ash can adsorb AEAs & expose concrete to F-T durability
• Foam index: subjective, relying on visual observation, high variability

Foam Index: Stages of foam formation 

No foam Foam stability in progress Stable foam
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Infrastructure Durability Laboratory – Bridge Deck Testing Facility

Quantifying Fly Ash Adsorption Using Sorbsensor
TFHRC/Headwaters Inc. Collaboration

Objective: 
• Fluorescence properties to quantify adsorption capacity of fly ash

Manual unit Automated unit



Sorbsensor - How it Works!
• Uses a surrogate surfactant: nonylphenol ethoxylate (P10) 
• 10 different ashes from 8 states

Procedure:
 Fly ash is mixed with a solution containing 150 ppm P10 (10 Min)
 Fly ash adsorbs some of P10 & remaining fluoresces when existed by UV
 Fluorescence intensity is proportional to the concentration of P10
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Sorbsensor Adsorption Results
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Foam Index Adsorption Results
• Same10 fly ashes were tested with 3 AEAs:



Adsorption Capacity Measurement: 
Sorbsensor  Vs. Foam Index

• Fluorescence results and 
Foam Index correlated well

• Each AEAs exhibited different 
correlation curve

• Game changer! 

• No guesswork!

TechBrief, January 2018
https://www.fhwa.dot.gov/research/publications/technical/ 
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• SBIR project (PhosphorTech): Advance this technology’s 
capabilities:
Broader UV spectral range, used with any AEAs, not limited to P10

Successful 1st phase – 2nd phase awarded 

Automated, faster and more accurate

Final product: Spring 2019

Current Status
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Phase I- Miniaturization of MR Beams
Phase II- ASTM Interlab Study: Test Precision

6x6x21in = 66 lbs.

4x4x14in = 19 lbs.
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Influence of MR on Cracking, MEPDG

Adequate MR is extremely important! 
Courtesy: ARA, 2004
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Why this study?

• AASHTO MEPDG requires MR 

• Problems:
Standard beam 6”x6”x21” = 66 lbs. 

Beam + molding frame > 100 lbs.

Hard to handle, unsafe, DOTs prefer cylinders!

Concrete fails in bending!



Objectives

• Examine feasibility of using 4”x4”x14” beams
 Specimen weighs 19 lbs.  

 Molding frame weighs 15-20 lbs.

 Total weight < 40 lbs., much lighter than 6”x6”x21”!

4x4x14in = 19 lbs.

6x6x21in = 66 lbs.
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22 Different Mixtures

• 4 different aggregates, 3 NMS, w/cm

• 12 specimens cast per mix:
 6 - 4”x4”x14 beams  

 6 - 6”x6”x21” Std. beams

 Total = 264 beams (132 small & 132 standard) 



TURNER-FAIRBANK HIGHWAY RESEARCH CENTER

Smaller Size - Standard Size Correlation
Combined Aggregate
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Smaller Size - Standard Size Correlation
Based on NMS Aggregates
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Phase I Conclusions

• 4”x4”x14” beams are a viable option:

• Much lighter, easier and safer to handle 

• Correlation of 4”x4”x14” & 6”x6”x21” depends on NMS of aggregates

• Implementation: Changes were balloted and approved by 
AASHTO & ASTM
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Phase II: Establishing Precision Statement 
ASTM/TFHRC Collaboration 

• Comprehensive round robin testing  with 22 labs: 
 4 DOTs (MNDOT, NCDOT, ODOT, WisDOT)

 3 Federal: FAA, TF & MCL

15 Commercial

• 3 mixes, varying MOR, recommended by ASTM C802:
 450, 600 and 800 psi 

• Total of 658 beams 
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Coordination with ASTM  & 22 labs was  a 
huge undertaking! 

Preparing specimens for Shipping
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Implementation

 New precision statements were balloted, approved by 
AASHTO & ASTM 

January 2018 TechBrief 
https://www.fhwa.dot.gov/research/publications/technical/
Public Roads Magazine, Summer 2018

21



TURNER-FAIRBANK HIGHWAY RESEARCH CENTER

PEM Activities in Support of AASHTO PP84-17 
FHWA at TFHRC

• AASHTO PP84-17 covers several categories:
Aggregate stability

Cracking and volume change

Durability related testing procedures at TFHRC:
Transport properties; F-T/salt damage related 

Shrinkage

Workability 

Strength
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Validation of Durability Testing Procedures

• FHWA HQ/TFHRC/OSU Collaboration: 
Develop draft of durability related procedures

Present in AASHTO provisional format 

• TF concrete lab to assess/validate 

• Integration into PRS 

• Equipment needs! XRF, LTDSC, PS Expression apparatus..

• 11 Concrete durability related tests (new & modified)
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Stage 1: Transport Properties, F Factor Related Tests

 1.1:   PS expression practice*
 1.2a: PS electrical resistivity test*                             
 1.2b: PS elemental analysis, XRF*                   
 1.2c: Temperature correction of electrical resistivity* 
 1.3:   Uniaxial resistivity, TP119                                      

 1.4: Surface resistivity, T358 𝐹𝐹 = 𝜌𝜌
𝜌𝜌0

*: Denotes new test
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 TFHRC/NRMCA collaboration on T119 & T358 conditioning 
(vacuum saturation, lime water, sealed & moist room, bucket):
Pore solution chemistry/resistivity
Concrete resistivity
F Factor
Degree of hydration

 How different levels of PS resistivity compare (per PP-84):
Level A— Assuming a constant PS resistivity (0.10 (Ω.m)
Level B— Estimate PS resistivity from constituents of the Chemistry 
Level C— Experimentally Measure Pore Solution

Stage 1: Transport Properties - F Factor Related Tests
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Stage 2: F-T Durability, Salt Damage Related Tests

 1.5: Quantify CAOXY using LTDSC (T365): 
 Cement paste;  concrete!

 1.6: Modified ASTM C642
1.6a: Total pore volume

1.6b: Degree of saturation

 1.7: Modified C1585, rate of absorption

 1.8: Critical degree of saturation test *

*: Denotes new test



Validation Process for Each Test

EACH TEST IN STAGE I

STEP II

STEP III

STEP I

EACH TEST IN STAGE II

STEP II

STEP III

STEP I

TRANSPORT PROPERTIES –
FORMATION FACTOR RELATED

FREEZE-THAW DURABILITY AND

SALT DAMAGE

FAMILIARIZATION, 
ASSESSMENT, REFINEMENT, 

CONSISTENCY

VALIDATION

RUGGEDNESS AND ILS



 POSSIBLE FACTORS EFFECTING PS CHEMISTRY/IONIC CONCENTRATION:
 Sample preparation: Cast specimens vs crushed specimens 

 Applied pressure: Optimized maximum pressure with consistent results

 Loading pattern: Cyclic loading vs. single loading

 Alkali sorption on aggregates: Decreasing PS alkali      

 Alkali leaching from aggregates: Increasing PS alkali 

Max Pressure 600 MPa 850 MPa 1,100 MPa1

Load regime Single load
Cyclic 
load

Single load Single load

Sample type
Cast 

cylinder
Crushed 
sample

Crushed 
sample

Cast 
cylinder

Crushed 
sample

Cast 
cylinder

Crushed 
sample

Age
OPC 28 d *** *** *** *** *** *** ***

Binary 28 d *** *** - *** *** *** ***
* Represents 1 replicate
1 Recommended pressure for concrete in task 1.1 of task  order 

Example: Pore Solution Expression Protocol 

OSU’s work was base on 
paste
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Other PEM Testing Procedures

• SAM  
 64 mixes: different w/c, air, aggregate, AESs

Around 90% agreement with Rapid 457

• Vibrating Kelly Ball Test (V-Kelly)
Received apparatus from ISU

Needs proper vibrator!

Compare V-Kelly test vs. Vebe test

• FHWA PEM Workshop @ TF?
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Benchmarking MCPT, CCT as ASR Mitigation Measures

 FHWA/OSU/UT Collaboration

 MCPT: Miniature Concrete Prism Test, Clemson U.; 56-84 days

 CCT: Concrete Cylinder Test, U. of Texas.; 9 months

 Problems: Many exposure blocks in Texas and across north 
America exhibiting signs of ASR, despite passing the ASTM 
C1293 two-year prism 
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Comparison C1293 & Exposure Blocks (NM 
Reactive Coarse Aggregate)

Fly Ash Mixture 
with C10 

Aggregate
ASTM C1293 

Expansion (%) @ 2 years
Current Exposure 

Block Expansion (%)

30% FA1 (1% 
CaO) 0.02 0.115

20% FA2 
(14% CaO) 0.013 0.28

30% FA2
(14% CaO) 0.009 0.08
5% SF 0.135 0.75

40% FA4
(25% CaO) 0.043 0.43

25% FA4+5% SF 0.038 0.38

Courtesy of Drimalas, Ideker, Folliard
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Comparison C1293 2-yr Expansions & Exposure 
Block (Reactive Sand)

Courtesy of Drimalas, Ideker, Folliard
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Reliability of C1293

 Long term exposure blocks data show: 
C1293 is reliable for assessing ASR (detection!)

C1293 is ineffective in properly predicting mitigation measures

C1260/C1567 are marginal at best!

 Possible Issues with C1293: 
Leaching of ions: alkalis (Na, K ) and Ca

When used with SCMs only cement portion is augmented to 1.25% 
Na2Oeq., i.e., lower alkali loading occurs with SCMs
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FHWA – OSU – UT Collaboration

 Research Ideas: 
Identify tests that don’t promote leaching

 Objectives:  
Examine CCT and MCPT as accurate/accelerated ASR 

mitigation measures 

How pore solution chemistry is affected!

Determining duration and expansion limits



Miniature Concrete Prism Test (MCPT)
• Developed at Clemson U (designed to prevent leaching)
• AASHTO provisional test, faster than C1293: 

• 8-12 weeks for detection
• 8 weeks for mitigation measures

• Mix Constituents: 
• Same mix design as C1293, smaller Agg.
• Type I/II 0.9 ± 0.1% Na2Oeq. – boosted to 1.25%
• Transfer prism to 60ºC 1N NaOH to prevent leaching 
• Measure expansion in intervals: 3-5, 7, 14 days …

2”x2”x11.25”

1N NaOH



Concrete Cylinder Test - CCT

Schematics of CCT specimen
CCT measurement

Filter paper  allows wicking of 
water along the side of the sample

Filter paper

• Developed at U. of  Texas 
• Same gradation as C1293      
• Na2Oeq boosted to1.25%
• Temperature 50°C
• Test duration: 9-12 months vs C1293 (2-Yrs)
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Experimental Design

Aggregate
Test Mixtures

Total
CCT MCPT Control

20% F
Ash

40%C
Ash

40%C 
Ash  

5%SF

40% 
Slag

Slag+SF
35/5

Lithium 
4.9g/yd3

R
ea

ct
iv

e
C

oa
rs

e
A

gg
re

ga
te Spratt

OSU 1 1 1 1 1 5

TFHRC 1 1 1 1 1 5

Placitas
UT 1 1 1 1 4

TFHRC 1 1 1 1 4

R
ea

ct
iv

e 
Fi

ne
 

A
gg

re
ga

te Wright
UT 1 1 1 1 1 1 6

OSU 1 1 1 1 1 1 6

Jobe
UT 1 1 1 1 4

TFHRC 1 1 1 1 4

FA1 = Medium CaO
FA2 = High CaO

Total mixes TFHRC = 13/38
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Current Status

 Acquired all cementitious materials/aggregate  

 Cast cylinders for CCT and prism for MCPT

 Measurements are taken at appropriate intervals

 Pore solution expressed at recommended intervals

 Results are very encouraging!

 Interim report is expected late fall 
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TFHRC Concrete Lab Research Team 

 Jussara Tanesi, PhD

Haejin Kim, PhD

Luca Montanari

Mihai Nicolaescu

 John Leavitt

Thank You
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