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Developing Concrete Mixtures with Reduced Environmental Impact: 
Optimizing Mixture Designs Based for LCA Using Local Materials
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Our vision…

Most SCMs and powder extenders have the potential to be 
used in concrete if a performance-based mixture 
proportioning procedure, which incorporates their chemical 
composition and reactivity, is followed.

Local materials Novel materials Underutilized 
materials Off‐spec materials
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Our vision…

Most SCMs and powder extenders have the potential to be 
used in concrete if a performance-based mixture 
proportioning procedure, which incorporates their chemical 
composition and reactivity, is followed.

Off‐spec SCMs (off‐spec fly ash, natural pozzolans, slags, etc.);
Alternative ashes (bottom ash, reclaimed ash, agricultural ash, etc.);

Other industrial and natural products (pumice, under utilized clays, etc.);
Powder extenders (limestone, etc.)
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What do we mean by performance?

o Strength

o Electrical properties (e.g., resistivity, formation factor, etc.)

o Time to critical saturation

o CH content

o pH

o Porosity

Example: AASHTO R 101‐22 ‐ Performance Engineered Concrete Pavement Mixtures

Mechanical properties

Transport properties

Freeze‐thaw damage resistance

CaOxy damage resistance, corrosion resistance

Corrosion resistance, ASR, etc.

Mechanical, transport, durability properties
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Can we predict performance?

Mixture

OPC PLC

SCM 1 SCM 2 . . .

LS

Water

+

+

+

Thermodynamically 
based modeling 

framework

Thermodynamically 
based modeling 

framework

Calculated Property
• Compressive Strength
• Porosity
• Electrical resistivity
• Formation Factor (transport properties)
• CH Content (CaOxy resistance, ASR, corrosion)
• Time to critical saturation (freeze‐thaw)
• pH of pore solution (ASR, corrosion)

. . .7 days 28 days 56 days

Azad et al (2017); Isgor and Weiss (2018); Bharadwaj et al. (2019, 2021); Glosser et al. (2019, 2021)
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Does the model work?
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SCM characterization
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SCM CH H O   reaction
products Q

Measure heat 
release

Measure CH 
consumption

Pozzolanic reactivity test (PRT)

Pozzolanic reactivity 
test (“PRT”) can 
determine maximum 
degree of reactivity (DoR*)

𝐷𝑂𝑅∗ 𝑄 𝑐 ⋅ 𝐶𝐻
𝑐
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Defining performance

Bharadwaj et al., ACI Mat., 2022

FoundationMidwest PavementBridge DeckConcrete Application

ACI 318: F0, S1, W1, C0
Moderate sulfate resistance 
and ASR resistance

AASHTO PP‐84
Resistance to CaOxy and FT 
damage specified by State 
Highway Agencies

ACI 318: F3, S0, W0, C2
Resistance to chloride ingress, 
corrosion, and FT damage

Exposure Class / 
Durability 
Requirement

4000 psi (27 MPa) (min)4225 psi (29 MPa) (min)5000 psi (34 MPa) (min)Strength (56‐day)

1‐3 in (25‐75 mm)1‐2 in (25‐50 mm)1‐4 in (25‐100 mm)Slump

200 (min)270 (min)375 (min)Formation Factor, 
Apparent (56‐day)

N/A20g/100g binder (max)20g/100g binder (max)Calcium Hydroxide 
Content (56‐day)

13.6 (max)N/A12.8 (min)pH (56‐day)

N/A30 years (min)30 years (min)Time to Critical 
Saturation
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Example

TargetPerformance 
Criteria

> 29 MPa 
[> 4200 psi]

Strength

>270Formation 
Factor 
(Apparent)

< 20g / 100g 
binder

CH Content

> 30 yearsTime to 
critical 
saturation

Midwest Pavement
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Bottom Ash (DOR* = 23%)
6% Air, 25% Paste

TargetPerformance 
Criteria

> 29 MPa 
[> 4200 psi]

Strength

>270Formation 
Factor 
(Apparent)

< 20g / 100g 
binder

CH Content

> 30 yearsTime to 
critical 
saturation

Isgor et al. (2020)
Bharadwaj et al. (2022)

Example

Midwest Pavement
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Bottom Ash (DOR* = 23%)
6% Air, 25% Paste

TargetPerformance 
Criteria

> 29 MPa 
[> 4200 psi]

Strength

>270Formation 
Factor 
(Apparent)

< 20g / 100g 
binder

CH Content

> 30 yearsTime to 
critical 
saturation

Isgor et al. (2020)
Bharadwaj et al. (2022)

Example

Midwest Pavement
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Bottom Ash (DOR* = 23%)
6% Air, 25% Paste

TargetPerformance 
Criteria

> 29 MPa 
[> 4200 psi]

Strength

>270Formation 
Factor 
(Apparent)

< 20g / 100g 
binder

CH Content

> 30 yearsTime to 
critical 
saturation

Isgor et al. (2020)
Bharadwaj et al. (2022)

Example

Midwest Pavement
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Bottom Ash (DOR* = 23%)
6% Air, 25% Paste

TargetPerformance 
Criteria

> 29 MPa 
[> 4200 psi]

Strength

>270Formation 
Factor 
(Apparent)

< 20g / 100g 
binder

CH Content

> 30 yearsTime to 
critical 
saturation

Isgor et al. (2020)
Bharadwaj et al. (2022)

Example

Midwest Pavement
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AchievedTargetPerformance 
Criteria

39 MPa> 29 MPa 
[> 4200 psi]

Strength

451>270Formation 
Factor 
(Apparent)

9.5g / 100g binder< 20g / 100g 
binder

CH Content

> 30 yearsTime to 
critical 
saturation

Bottom Ash (DOR* = 23%)
6% Air, 25% Paste

Isgor et al. (2020)
Bharadwaj et al. (2022)

Example

Midwest Pavement
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Different ashes / performance

Midwest pavement mixtures

Bharadwaj et al.  2022
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Different ashes / performance

Corrosion resistant mixtures

Bharadwaj et al.  2022
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Different ashes / performance

Foundation mixtures

Bharadwaj et al.  2022
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Different ashes / performance

Foundation mixture
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Corrosion mixture
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We can design for performance…

Most SCM and powder extenders have the potential to be 
used in concrete if a performance-based mixture 
proportioning procedure, which incorporates their chemical 
composition and reactivity, is followed.

Local materials Novel materials Underutilized 
materials Off‐spec materials
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Can we do more?

Most SCM and powder extenders have the potential to be 
used in concrete if a performance-based mixture 
proportioning procedure, which incorporates their chemical 
composition and reactivity, is followed.”

Local materials Novel materials Underutilized 
materials Off‐spec materials

Optimizing Mixture Designs for LCA and GWP
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Mixture optimization

• NRMCA relates compressive 
strength of a mixture has been 
related to the GWP
– Compressive strength is at best incomplete 

but is the current state

• Goal is to reduce this amount by 
some percentage 
– How does the producer begin to design 

mixtures with reduced GWP in an efficient & 
documented way ?

• How do we develop mixtures that 
‘best’ reduce GWP ?
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Mixture optimization
Modeling Inputs:
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Mixture optimization

Economic analysis of materials and social costs are considered and optimized:
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Summary

• Most SCM and powder extenders have the potential to be used in 
concrete if a performance-based mixture proportioning procedure, 
which incorporates their chemical composition and reactivity, is 
followed.

• These performance-engineered concrete mixtures can be further 
optimized for cost and/or carbon (GWP) using linear programming

• Very powerful tool for reducing GWP in practice and performing 
LCA.
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Grazie…

O. Burkan Isgor W. Jason Weiss
Burkan.Isgor@oregonstate.edu Jason.Weiss@oregonstate.edu


