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Why Alternative Materials
• Concrete has one of the lowest carbon 

footprints of any material… but…
• We used ~4.5 billion tons world-wide in 

2020, projected to double by 2050
• ~1 cy/person/year
• ~140 million tons of cement (U.S.) in 

2023
• Concrete greenhouse gas (GHG) 

emissions at the gate
• ~1.5% acquiring raw materials
• ~9.5% concrete production
• ~89% cement production

• ~37% from burning fuel
• ~46% from calcination



Goals

Image Credit: BlackRock



Roadmap to Carbon Nuetrality



Where Does CO2 Reduction Come From



CO2 Reduction
• Replace clinker content in cement

• Use blended cement (ASTM C595), C1157 cements or replace clinker with supplementary 
cementitious materials (SCMs) at concrete plant

• Use less cementitious materials

• Optimized aggregate grading

• Lower cementitious content

• Optimize designs & new mixtures

• Use alternative SCMs and/or alternative cementitious materials



Where We’ve Been
• Types I or I/II, IP, IS, III and V
• Class F and C Flyash
• Slag
• Silica Fume
• Metakaolin



Where We Are
• Type I/II, Type III, Type IL, IS, IP, IT, LC3, Type V
• C1157 Cements
• Class F and C  Coal Ash
• Slag
• Silica Fume
• Metakaolin
• Ground Glass Pozzolans
• Raw or Calcined Natural Pozzolans

Increased 
Complexity



Blended Cement Usage



C595 Type IL Cement
• 5 to 15% limestone compared to 5% for type I/II or III
• Impact

• Higher Blaine (finer)
• Water Demand Higher
• Bleed is different
• Response to Admixtures

• Lower Early Strength
• Lower Ultimate Strength
• Sticky
• Different response to SCM (particularly Coal Ash)
• Inconsistent
• Type A Admixtures & IL



C595 IL Cement
• Opportunities

• Lower Carbon Footprint
• Mix Optimization – SCM, Admixtures, 
• Improve Control

• Pre-testing
• More Frequent Adjustments

• Better Prepared for “What’s Next”



C595 IT Cement
• 5 to 15% Plus another component(NP, Ash, Slag, ?)
• Impact

• Higher Blaine (finer)
• Water Demand Higher
• Bleed is different
• Response to Admixtures

• Lower Early Strength
• Sticky
• Different response to SCM (particularly Coal Ash)
• Inconsistent



• Old materials used 
differently

• Significant clinker reductions

• Specify under ASTM 
C1157?

C595 or C1157
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C1157 Cements



C1157 Cements



C618 Coal Ash
• Why Coal Ash
• From C618 - 13.2 The supplier’s report shall disclose whether the 

source of the material represented in the certificate is fly ash, bottom ash, 
or commingled fly ash and bottom ash, and if the material is harvested 
coal ash.

• We are beyond Class C and F
• Testing for optimal % of ash is necessary for Strength
• Other requirements may determine percentage replacement

21% of ash used in 
2024 was 

harvested ash



C618 Coal Ash
• Why Coal Ash



C618 Coal Ash



C618 Coal Ash
Benefits
• Improved workability
• Improved later age strength
• ASR Mitigation (Class F)
• Sulfate Mitigation (Class F)
• Reduced permeability
Challenges
• Lower early strength
• Controlling air



C1866 Ground Glass Pozzolan



C1866 Ground Glass Pozzolan

Control            Ground Glass Pozzolan             Flyash        SF         Metakaolin     Slag 120



C1866 Ground Glass Pozzolan
Benefits
• Increased strength
• Reduced Permeability
• ASR Mitigation
• Sulfate Mitigation
• White color
Challenges
• Early strength



C1866 Ground Glass Pozzolan
Control 20% Glass Pozz 30% Glass Pozz 30% Slag

Qty-lb (SSD) Qty-lb (SSD) Qty-lb (SSD) Qty-lb (SSD)

675 540 473 473

0 0 0 203

0 135 203 0

1300 1274 1261 1288

1750 1750 1750 1750

263 263 263 263
oz/cwt oz/cwt oz/cwt oz/cwt

0.25 0.62 0.21 0.29

4.00 4.00 4.00 4.10

0.50 0.50 0.50 0.50

0.39 0.39 0.39 0.39
0:11 Hr 0:10 Hr 0:10 Hr 0:10 Hr
1:00 PM 2:20 PM 3:42 PM 4:53 PM
148.76 142.56 149.06 149.08
5.2% 8.6% 4.1% 4.7%
5.5% 9.5% 4.5% 4.5%
6.50 7.00 7.00 6.75
0.00 0.00 0.00 0.00
72 72 71 71

5240.0 4460.0 3960.0 3920.0
6100.0 5320.0 5080.0 5960.0
7650.0 7950.0 8320.0 8540.0



C989 Slag Cement
• Produced from blast-furnace slag (reduction of iron ore) in 

a blast furnace

• Slag cement is hydraulic and produces calcium silicate 
hydrate (CSH) as a hydration product 

• Slag cement is not projected to increase in supply

hot slag

water

Slag is changed to glassy sand like 
substance known as granulated blast 
furnace slag – GBFS – then ground

Graphics used by permission of 
the Slag Cement Association



C989 Slag Cement
Benefits
• Higher later age strength
• Reduced Permeability
• Lower Shrinkage
• Sulfate Mitigation
• ASR Mitigation
• Mass Concrete
• White Color
Challenges
• Early Strength
• “Greening”



C989 Slag Cement
Tools
• Heat
• NCA
• HRWR
• Strength Enhancers



C1945 Metakaolin
Benefits
• Improved early & late strength
• Greatly reduced permeability
• Improved durability
• Light color
Challenges
• Water demand / workability
• Curing requirements



C1945 Metakaolin
Tools
• Water
• HRWR
• Rheology Modifiers



C1240 Silica Fume
• Extremely fine 

particle size  
(i.e., particle 
size averaging 
0.1 to 0.2 
micron in 
diameter)

• 100% 
Amorphous 
silica that is 
highly 
pozzolanic 

• Produced in 
arc 
furnaces 
during the 
production 
of silicon 
alloys

Image Source: http://www.bulkmaterialsinternational.net/bmi_silica_fume.html



Silica Fume
Benefits
• Improved early & late strength
• Greatly reduced permeability
• Improved durability
Challenges
• Water demand / workability
• Dark color
• Mixing requirements
• Curing requirements



Silica Fume
Tools
• Water
• HRWR
• Rheology Modifiers



C1945 Raw or Calcined Natural 
Pozzolans
Types of Natural Pozzolans

• Raw – Includes volcanic materials and DE

• Calcined – Includes Metakaolin, other calcined Clays, calcined 
Shales and Slates; other siliceous rocks.



C1945 Raw or Calcined Natural 
Pozzolans
• 95% of Natural Pozzolans are raw (not calcined)
• Most Natural Pozzolans are in the West and are volcanic (pumice, 

perlite, obsidian, rhyolite, volcanic ash)

• Most reactive clays are in the East and need to be calcined
• Current NP use is 70% concrete, 30% Cement; that will likely 

reverse in the next 10 years (IP, IT)



C1945 Raw or Calcined Natural 
Pozzolans
General Properties of Raw Natural Pozzolan 
• High in Silica and alumina (70+ %) 
• Mostly non-crystalline amorphous material
• Porous with similar or higher water demand than cement
• Typical Median Particle size between 10~15µ micron
• Strength Activity Index – relative to cement – of 75~100%+  
•    at 7d and 28d breaks (C618)



C1945 Raw or Calcined Natural 
Pozzolans
Benefits of Natural Pozzolan 
• Reduction in Carbon footprint compared to cement
• Reduction in concrete permeability/increased resistivity
• Mitigates ASR
• Mitigates Sulfate attack
• Reduces Heat of Hydration
• Significant long-term strength add to concrete
• Reduces or eliminates Efflorescence 



C1945 Raw or Calcined Natural 
Pozzolans

2023
• Operating or 

Permitted
• Under 

Development



C1945 Raw or Calcined Natural 
Pozzolans
Benefits of Natural Pozzolan
• Increased water demand
• Lower strength
• Sticky
•  



Challenging Aggregates
• Changing to manufactured sand from natural
• Gradation issues
• Clay issues
• Particle shape 
• Water demand
• Too fine or too coarse



Challenging Aggregates
Solutions
• Rheology Modifiers
• Viscosity Modifiers
• MRWR – Built in rheology improvement
• Mix Optimization



General Solutions
High-Range Water Reducers
• Reduced water content / w/c to improve early and later age 

strengths
• Improved flow
• Overcome increased water demand to maintain strength
Non-Chloride Accelerators
• Improve early age strengths



General Solutions
Rheology Modifiers
• Reduced stickiness
• Improved flow
Strength Enhancers
• Improve early and later age strengths



General Solutions
Calorimetry
• Set times
• Relative Strength
Mortar Testing ASTM C1810
• Quicker than concrete
• Test more materials in a short period of time
• Compare materials
• Reduce the number of concrete tes
• Use as a QC tool



General Solutions
Rheology Modifiers
• Reduced stickiness
• Improved flow
Strength Enhancers
• Improve early and later age strengths



Material Evaluation Process
Material Impact Analysis

Individual 
Material 
Analysis
• Cement
• SCM
• Aggregates
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