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• 1981 – 1st specification book to allow fly ash.  Up to 20% substitution in 
all classes of concrete.

• 1991 – All concrete pavement required to have a 20% addition of Class 
F fly ash.

• 1996 – Limited fly ash in bridge decks to 10% Class C or 20% Class F.

• 2003 – Require 20-30% substitution of Class F fly ash in PCCP mixes

• 2005 – Allow up to 30% Class F or 20% Class C fly ash in all mixes 
except PCCP

History of Fly Ash Specifications
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• 2009 – Allow PCCP mix design to use Class C fly ash

• 2015 – Allow up to 30% AASHTO M321 High Reactivity Pozzolans and 
ASTM D5370 blended fly ash in all mixes.  

• 2015 – Project Special Provision to lift the maximum substitution of fly 
ash if permeability and salt scaling test requirements are met

History of Fly Ash Specifications
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• 1981 – Unknown why fly ash is being allowed.

• 1988 – Change was made to address a new pavement 
deterioration observed in PCCP, Alkali-Silica Reactivity.  
ASR was being found in 10-15 year old pavements.  A 
research project was used to determine that low alkali 
cement and a 20% addition of Class F fly ash was very 
effective in mitigating expansion using ASTM C277.  
This requirement has been very successful in limiting 
the amount of ASR distress in Colorado pavements.

• Rapid set PCCP concrete was exempt from the fly ash 
requirements.  Most rapid set concrete placed in 
Denver which has non-reactive aggregates.

Why the Changes?
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• 1996 – CDOT bridge engineers had been observing 
concrete bridge decks built with high quantities of 
Class C fly ash had inconsistent air entrainment and 
exhibited scaling.  Blame was placed on the 
inconsistency of the Class C fly ashes supplied to 
Colorado.  Class C fly ash had significant swings in LOI 
from load to load which made entraining air 
consistently difficult.

Why the Changes?
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• 2003 – Holcim cement approached CDOT about 
switching to moderate alkali cement production with 
the reconstruction of one of their kilns in Portland 
Colorado to switch from the wet to dry process.  A 
Cemex cement kiln in Lyons Colorado was struggling to 
keep alkalis below 0.60%.   ASTM C1260 was presented 
to be used as a screening tool for reactive aggregates 
and a modified ASTM C1260 was introduced to evaluate 
mitigation measures.  Data showed some mixes built 
with 20% addition of Class F could exhibit ASR even 
with low alkali cement. 

Why the Changes?
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• 2005 – After further evaluation and becoming more 
comfortable with ASTM C1260 and the modified ASTM 
C1260 (now ASTM C1567), we allowed all mix designs, 
not just PCCP to use higher quantities of fly ash.  Class 
C limit on bridge decks was lifted as fly ash consistency 
had improved.

Most concrete used 20% Class F fly ash even if the 
aggregates were not reactive due to a new sulfate 
resistance specification that defaulted to Class 2 
protection, which requires 20% Class F fly ash, when soil 
chemistry tests were not performed.  

Why the Changes?
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• 2009 – Class F fly ash prices were increasing and the 
supply was limited.  Most of the aggregates in the 
Denver-metro area were tested to show they were not 
reactive with the alkalis in cement.  In an effort to 
reduce PCCP costs, Class C fly ash is now allowed.

Why the Changes?
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• 2015 – In 2008, CDOT was approached to allow the use of metakoalin.  
CDOT had not used these in the past.  A research study was started to 
determine the effectiveness of these pozzolans in mitigating ASR.  The 
study confirmed that these pozzolans were effective in mitigating ASR.  
A change was proposed to allow these materials, but after discussions 
with suppliers, none had plans to supply Colorado since we had high 
quality lower cost Class F fly ash readily available.  A specification 
change was dropped until recently.  

• Recently, the EPA’s war on coal power has had a negative effect on the 
supply of fly ash.  Suppliers had asked to reconsider.

• CDOT pozzolan study: 
https://www.codot.gov/programs/research/pdfs/2008/asr.pdf/view

Why the Changes?
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https://www.codot.gov/programs/research/pdfs/2008/asr.pdf/view


• AASHTO M321 High-Reactivity Pozzolans for Use in 
Hydraulic-Cement Concrete, Mortar, and Grout
• HRPs are but not limited to metakaolin, rice hull ash, 

zirconium fume, ultra-fine fly ash, and fume from the 
production of 50 percent ferrosilicon (with SiO2 less 
than 85 percent).

• Substitute/supplement for Fly Ash
• Superior ASR mitigators with less of a strength gain 

penalty compared to Class F fly ash
• May be substituted for up to 30% of the cement.

CDOT’s Newest Specification
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• ASTM D5370 Pozzolanic Blended Materials in 
Construction Applications
• Allows the blending of materials to meet ASTM C618 

requirements.
• Materials being blended must meet applicable ASTMs 

before blending.
• Allows Class C fly ash sources to be blended with other 

pozzolans to make them Class F fly ash.
• Blended fly ash treated as equivalent ASTM C618 fly ash 

class.
• Efficient use of limited resources

CDOT’s Newest Specification
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• Allowance of new cement types:
• ASTM C 595 Type IL and IT Cements

• 15% Limestone allowed in IL
• 15% Limestone and 25% fly ash allowed in IT

• ASTM C1157 cements now allow up to 15% limestone.
• Previously limited to 10%

• Sulfate Requirements for Types of cements have been established and 
approved.  ASTM C 1012

• CDOT Specification : http://goo.gl/VH03H1

CDOT’s Newest Specification
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• The concrete industry approached CDOT about opening up our recipe 
requirements for certain classes of concrete.  Particularly the minimum 
cement content.  A research study was established to evaluate historic 
performance criteria of “standard” CDOT mixes.  Using this criteria recipe 
requirements may be deviated if additional testing is performed:
• Lower cement contents may be used if the 56-day ASTM C1202 

permeability is 2,500 coulombs or less.
• Maximum cement content may be exceeded if a modified ASTM C157 

shrinkage test shows a shrinkage less than 0.050%
• Maximum pozzolan substitution may be exceeded if the 56-day ASTM 

C1202 permeability is 2,500 coulombs or less and the ASTM C672 salt 
scaling resistance is less than 3

• Optimized gradations may be used with no additional testing.
• Smaller aggregate sizes that are not optimized may be used if a modified 

ASTM C157 shrinkage test shows a shrinkage less than 0.050%
• https://www.codot.gov/programs/research/pdfs/2013/performance.pdf/

view

CDOT’s Pilot Performance Based 
Specification
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• Over 95 percent of concrete mixes used on CDOT projects has 
at least 10% fly ash substitution

• Over 80 percent of concrete mixes used on CDOT projects has 
at least 20% Class F fly ash substitution

• Approximately 20 percent of concrete mixes used on CDOT 
projects use 30% Class F fly ash substitution

• Approximately 5 percent of concrete mixes used on CDOT 
projects use Class C fly ash

CDOT Pozzolan Usage
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