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Supplementary 
Cementitious Materials



Pozzolanic Reaction

• When portland cement hydrates in a 
concrete mixture, several reaction products 
are produced in the concrete pore solution 
including:

• Calcium-silicate-hydrate (C-S-H) – 
this is the primary binder of the 
coarse and fine aggregates that 
forms a hard cementitious product 
(i.e., concrete). GLUE

• Calcium hydroxide (CH) – this is 
deleterious to the concrete matrix 
by weakening it and causing 
porosity. (eventually efflorescence)

                           



     SCM’s -Supplementary Cementitious Materials
Why SCMs - Makes better concrete

   - Environmental Benefits Reduced Emissions

 

Fly ash
(Class C)

Fly ash 
(Class F)

Slag
Metakaolin

Silica 
fume

Calcined
shale



Cement + pozzolan (fly ash or slag or microsilica or GGP) = 
more calcium silicate hydrate

Resulting in more glue in a concrete mix

Cement = Calcium Silicate & Calcium Hydroxide

Calcium Hydroxide – efflorescence. 



Fly Ash
Fly ash is fine residue

 produced by the 
combustion of

coal in coal burning 
power stations

Dosage Rates 10-40% 
for Type F Ash. 
For C ash typically has 
higher dosages

ASTM 
C618



Fly Ash
Fly ash possesses chemical 

characteristics similar
 to portland cement and
 aggregates. 

Fly ash particles are glassy, 
solid or hollow, and 
spherical in shape.



• Fly ash can be a cost-effective substitute for 
Portland cement in many markets. 

• Fly ash is also recognized as an environmentally 
friendly material because it is a byproduct and 
has low embodied energy, the measure of how 
much energy is consumed in producing and 
shipping a building material. 

• By contrast, Portland cement has a very high 
embodied energy because its production requires 
a great deal of heat. 



Other benefits for fly ash include:
• High strength gains, depending on use especially later dates
• Reduces permeability 
• Increased workability
• Reduces bleeding
• Reduces heat of hydration
• Allows for a lower water-cement ratio for similar slumps 

when compared to no-fly-ash mixes



So why can’t we get Fly Ash like we use to

***Demand of Supply 

***Supply and Demand 



3 reasons US coal power is disappearing

1. Natural Gas Prices – 

 Natural gas prices have decreased significantly – over 60% between 2003 and 
2020

2.  The rise of renewable energy

 Solar and wind energy are now cost competitive with fossil-fueled generators, 
primarily because of  technological advancements

3. Environmental regulation

The government has instituted several environmental regulations over the past 
few decades aiming to reduce air pollutants emitted by the electric power sector.

  **Power plants and LEED

https://www.bls.gov/opub/btn/volume-10/trends-in-electricity-prices-during-the-transition-away-from-coal.htm
https://www.irena.org/publications/2019/May/Renewable-power-generation-costs-in-2018
https://www.epa.gov/regulatory-information-sector/electric-power-generation-transmission-and-distribution-naics-2211


Stack
• Typically, 12-20% moisture
• Compacted in lifts
• Ash only / Fly ash Bottom Ash Blend

Pond
• Wide range of moisture up to free standing 

water
• Hydraulically conveyed causes striations of 

material
• Both Fly & Bottom Ash



Ground Granulated Blast-Furnace 
Slag (GGBFS)

Slag is a nonmetallic product 
developed simultaneously with iron in 
a blast-furnace, then chilled rapidly to 
form glassy granular particles. These 
granules are ground to cement 
fineness or finer. In concrete this slag 
will react with calcium hydroxides to 
form cementitious products.

Dosage Rates are 20-50%
Higher for Mass Concrete 

ASTM C 989





Other benefits for GGBFS include:

• High strength gains, depending on use
• Produces dense concrete with a smooth surface and 

sharp detail
• Reduces heat of hydration
• Allows for a lower water-cement ratio for similar 

slumps when compared to GGBFS mixes
• Reduces CO2 emissions
• Lighter in color than normal PCC
• Can help mitigate ASR
• Can be used as a system to improve Sulfate Attack





14,000 psi @ 56 days 

Cement  350 lbs
Slag 530 lbs.
Fly Ash 120 lbs. 
Silica Fume 50 lbs. 
Fine Aggregate 1020 lbs. 
Coarse Aggregate 1250 lbs.  (#57)

520 lbs.  (#8) 
Water 283 lbs.
HRWR Admixture , Polycarboxylate (SCC) 105oz.
Hydration Control Admixture, 40 oz. 
Viscosity Modifying Admixture,  40 oz. 
Air Detaining Admixture,  4 oz. 
Air  Content 2% +/-
Spread 26”  +/- 2”
W/cm 0.27
Unit Wt.  (pcf) 151.8

Nordstrom Tower – Central Park Tower



Ground Granulated 
Glass

    A proven and cost-effective solution to make  
     high-performance, low carbon  concrete 
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The Ongoing Glass Challenge 
• 8M+ tons of non-degradable post-consumer 

glass is sent to landfills every year in the U.S.

• Only about a third of glass is recycled in 
the U.S. The majority is redemption glass.

• Single stream recycling in the US is the 
most convenient for consumers but more 
challenging for processors. Bottle 
manufacturers require a minimum size for 
color segregation and ceramics and 
porcelains removed from comingled 
collections. 

• Many times, transporting the heavy, low 
value commodity beyond its metro area is 
cost prohibitive.  



Promoting a circular economy

1. Used
Glass is valued for holding 
the strength, safety, aroma 

and flavors of products  

2. Disposed
Glass and ceramic are 
sent to local material 

recovery facility

3. Transformed
Processed glass and 
ceramic are used to 
produce Pozzotive®

4. Reused
Up to 50% of cement is 

replaced with Pozzotive® 
in concrete
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We Take This Locally        Manufacture This Locally                To Build These 
Locally



Performance of GGP in Hardened Concrete
GGP not only makes concrete sustainable and easy to work with, but it also 

creates a higher performing, longer lasting concrete with the following 
attributes.

 
§ A dramatic reduction of in the carbon footprint
§ Improved adhesion of the aggregates to the cement paste – creating a stronger 

paste
§ GGP is a white pozzolan that can be used with white and gray cement and to 

increase surface reflectivity and reduce urban heat island effect.
§ Regionally made from post-consumer glass, both contributing to LEED and 

Envision accreditation 
§ Can be used in high performance mixes to reduce permeability or increase 

compressive strengths







ASTM C1866 Specification



Tests for GGP
• ASTM C 157 Shrinkage 
• ASTM C 666 Freeze Thaw Resistance
• ASTM C 1202 Rapid Chloride Permeability
• AASHTO T358 Surface Resistivity





Torrington CT 
Middle & High 
Schools

Torrington CT Middle and High Schools





The IRIS



Harvard Treehouse Conference 
Center is under construction using 
35% GGP and 35% slag to replace a 
total of 70% of the cement.

the Yale Wright Lab (Phase 1) is currently 
under construction and is also using 
GGP. Yale Physical Science & 
Engineering Building (Phase 2) has not 
started yet, but will use GGP.




