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Why do we have construction problems?

● Lack of Attention?

● Lack of Quality Control?

● Lack of Quality Assurance?

● Inexperience Contractors/Engineers?

● Poor design?

● Inadequate materials?

● Wrong equipment for the job?

● Faulty specifications?

○ Conflicting provisions
○ Legacy specifications



Some common problems…

● Joints do not line up

● Cracks—not all created equal

● Spalls (versus sliver spalls)

● Low strengths?

● Other—how ‘bout fly ash and 
cement?

Insertion points complying with ASTM C31 while 
avoiding insertion directly in the middle of the beam 

QC vs QA? 



 What about Legacy provisions in P-501



Another Example of Legacy Provisions in P-501



 And one more…



What do we do with 
these?

• Fly Ash CaO Content is 17 % ?
• Fly Ash Alkali content is 3.04?
• Epoxy coating on bar delivered 

to the project is 8 to 12 mil 
thick?

• Type 2 (purple epoxy coated) 
bars are delivered?

• NewCem+ (50/50 blend slag/fly 
ash) used at 35% replacement 
rate?

• Who has authority to decide?



Where do these provision requirement 
come from? Problems with the 
Requirement…

• 17% CaO limit on fly ash?– based on limited 2005 research; some good 
mitigating ashes exceed 17%

• 3% limit on fly ash alkali?—based on limited 2005 research; some good 
ashes exceed 3%

• 10 mil min thickness on dowel bar epoxy limit?—no technical reason; ASTM 
1078 standard is 8 mil min; special run increase cost

• Type 1 versus Type 2 coating?—rebar industry; difference is when the 
coating is applied; some states only use Type 2 dowels; special run 
increases cost

• 10% fly ash limit with slag cement?—good product with very good 
mitigating results; can fill the scarce mitigating ash issue 



Sustainable Benefits of Fly Ash and Natural Pozzolans 
(and Ground Granulated Blast Furnace Slag)

▪ Increased resistance to ASR and sulfate attack

▪ Lower heat of hydration, lower permeability, enhanced durability 

▪ Reduction in CO2 generation  

▪ Higher waste recycling (conformity with Resource Conservation and 
Recovery Act and DOD affirmative procurement regulations) 

▪ Increased resistance to high temperatures from jet blast

▪ Higher long term (fly ash) or 28-day strength (Grade 120 GGBFS)

▪ Reduced concrete costs (up to 4%) for 

• 25% replacement with fly ash

• 50% replacement with GGBFS

Class F Ash was all that was allowed
Thought was—to restrictive



Dowel Bar Coatings



Dowel Bar Coatings













What do we do with 
these?

• Fly Ash CaO Content is 17 % ?
• Fly Ash Alkali content is 3.04?
• Epoxy coating on bar delivered 

to the project is 8 to 12 mil 
thick?

• Type 2 (purple epoxy coated) 
bars are delivered?

• NewCem+ (50/50 blend slag/fly 
ash) used at 35% replacement 
rate?

• Who has authority to decide?



•Can we use a Class C ash to prevent ASR?

•Can we use an ash that is not Class F nor C?

•If we have 2 Ashes, which one is better?

•If we have a given cement, a given aggregate reactivity, 

and a given ash (F or C), how much replacement do we 

need to mitigate ASR?

Fly Ash Unanswered Questions



Where do the P-501 limits come from?
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How much alkali do we allow in fly ash?

(ASTM C 1260/1567 cannot measure effect)

•Cement and Concrete Association of Australia (1996) 

•The UK Concrete Society (1999) and BRE (1999) 

•New Zealand Concrete and Cement Association (2003, TR3 ASR)

•Canadian Standard CSA A23.2-27A (2000)

•New Mexico DOT
Suggest use limit in 
ash of 3% total alkalis 



Fly Ash Chemical Constituents and their Effect 
on ASTM C 1567 Expansion

Deleterious Constituents 
(promote expansion)

 CaO (calcium oxide) **

Na2O and K2O (alkalis) ***

MgO (magnesium oxide)

SO3 (sulfur trioxide)

Beneficial Constituents *
(reduce expansion)

 
SiO2 (silicon dioxide)
Al2O3 (aluminum trioxide)
Fe2O3 (iron oxide)

(When this research was done)
*ASTM requires > 70% of these total oxides for Type F Ash
** CSA requires < 8% ± 1% CaO for Type F Ash (used to be 8% ± 2%)
*** < 0.6% for low-alkali cement



Fly Ash Chemical Constituents



Combination of Deleterious Constituents

• Combine all constituents promoting expansion (molar equivalents)

 CaOeq = CaO + 0.905 Na2Oeq + 1.391 MgO + 0.700 SO3 

• Best correlation of any single/combination of deleterious 
constituent(s) 



Combination of Beneficial Constituents

•  Combine all constituents promoting expansion (molar equivalents) 
SiO2eq = SiO2 + 0.589 Al2O3 + 0.376 Fe2O3 

• Best correlation of any single/combination of deleterious constituent(s) 



Combination of Deleterious & Beneficial Constituents, Hyperbolic Tangent Model

Uses 2 weighting factors (α,β) = (4.42,0.75)best fit = (6,1)approximate



Minimum Fly Ash Cement Replacement 
To Insure ASR Mitigation (0.08% @ 14 days)

C

F

For a given cement, fly ash, 
and aggregate reactivity, 
this graph tells us how 
much replacement is 
needed to insure less than 
0.08% expansion @ 14 days

Notes:
•C ashes are less efficient.
•Cfa = 0 is theoretical limit
•25% replacement can mitigate 
from low to high reactivity

•Graph valid for typical cement 
with Cc = 4

•Limitations of ASTM C 1260 
and C 1567 apply

•ASTM C 1567 must be run to 
verify expansion

90% reliability



Current Navy versus Proposed 
Tri-Service Specification for Minimum 
Requirements

CurrentProposed



Where did the current Specification Come 
from?

Current FAA Specification Requirements:
FA CaO < 15%
FA alkali <3%

Cement Alkali < 3 pounds/cubic yard

• CaO is the biggest Contribution to ASR 
expansion

• FAA focused on CaO content (simple 
method)

• Changed to 15% for Cold Creek Ash
• Oxides can override the CaO in some 

cases
• Evaluate > 15% CaO on case-by-case 

basis
• ASTM Must be run for acceptance



What do we do with 
these?

•Loss on Ignition (LOI) is 6%? (Limit < 6%, ASTM C618—6% max)

•CaO Content is 17%? (Limit < 15%)

•Alkali content is 3.04? (Limit < 3%)



A case Study

Fly Ash Chemistry
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Mix design: 
• 480 Pounds St Mary’s Charlevoix Type 1L (0.69% alkalis)
• 120 pounds Elm Road Type C ash (25%)
• Coarse 1 – 41% or 1313 pounds
• Coarse 2 – 22% or 702 pounds
• Fine – 37% or 1182 pounds
ASTM C1260
• Coarse 1 – 0.05% PASSING
• Coarse 2 – 0.04% PASSING
• Fine – 0.19% FAIL (0.142% at 14 days)
ASTM C1567
• C1567 Result – 0.07% PASSING

CaO=18.3
LOI=0.47

No other FA available
(Is the Agg reactive?)







Other Considerations

Optimized Mixture
• Minimum fine aggregate quantities 
• Minimum cement requirement

Cement Alkali Loading is low
• EB 106 calculation: 

480 lbs./CY x 0.875 x (0.69/100) = 2.90 lbs./yd3

       (in this case should you approve fly ash with 3.04% alkalis)?

Other options—slag, which adds $$$ and time
            bring in FA from WKW @ $$$ and time…

…What would you recommend?
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