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Calls for net zero commitments are all the rage

22 regions, 452 cities, 1,101 businesses, 549 universities and 45 of the
biggest investors
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NRMCA Sustainability Initiatives

EPD Program Progress
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Green Building Standards & Initiatives

What is embodied vs operational emissions?

- - -

Materials Design & . _

Embodied
Whole life >
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Is Concrete Sustainable?

Influence of Design on Embodied Carbon

« Choice of structural system / grid
» Bay size variations

» Section dimensions
— Concrete strength
— Rebar Grade
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Influence of Project Specifications

» Sustainability criteria should have
minimum impact on performance i
or service life of concrete m

» Specifications should not restrict
concrete from being sustainable

Impact of Specifications for Concrete

 Embodied Carbon (GWP) related to design (specified) strength

Constituent contribution by GHG emissions

e

3000 psi mixture with no SCMs

Water Mixing
1% 5%

Fine
aggregate

7%
Coarse

aggregate \l
8%
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Concrete Strength and Embodied Carbon (GWP)

Specified Strength A Embodied Carbon a
f,c X:f,cr
—>
g % :
3000 4000 5000 6000
Compressive Strength, psi
Average Strength A Embodied Carbon A

Strength A 100 psi (0.7 MPa) GWP A 1.5%

Sustainable Concrete

» Meet traditional performance requirements of the
owner, designers, contractor and producer

=

* Minimize Energy and Embodied Carbon (GWP)
* Minimize Potable Water Use

* Minimize Waste

* Increase Use of Recycled Content
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Is This Concrete Sustainable?

50% portland cement replacement!
Is this Sustainable Concrete?

Portland cement

Slag cement
Silica fume (50 Ib/yd?)
Coarse aggregate 8 kg/m3 (1800 Ib/yd?)

712 kg/m? (1200 Ib/yd?)
178 kg/m3 (300 Iblyd?)
6%

Fine aggre

Air conten

High Early Strength Concrete
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Mass Concrete

Prescriptive Specifications

2.1.2 Water-Cement Ratio

Maximum water-cement ratio (w/c) for concrete shall be 0.40 by weight, for
‘all work.
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Most Common Prescriptive Requirements

Prescriptive Requirement Frequency Seen

Restriction on SCM quantity 85%
Max w/cm (when not applicable) 73%
Minimum cementitious content 46%
Restriction on SCM type, characteristics 27%
Restriction on aggregate grading 25%

References

ACI Concrete International Aug 2015

STRUCTURE
Magazine,

April 2019

wWww.Sstructuremag.org

nrmca.org/p2p

18
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Specifying Water-Cement Ratio

Paste volume impact
No “credit” for SCMs
May not assure intent

Lower is not always better
— Impacts sustainability
— Impacts constructability

— Associated impact on
performance

Effect of CM content

Strength Transport properties

Strength/Workability

Higher Cementitious 2Ll iiE

Lower Cementitious

Volume Change
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Impact of Prescriptive Specifications

1MPa = 145 psi

e

Max w/cm or min cementitious content
: X:f,cr

>
N

\\-

3000 4000

5000

Compressive Strength, psi

6000

Are we Significantly Over-designed?

0.40
0.45
0.50
0.55

5000
4500
4000
3500

* Typical “overdesign” ~15%> "

37%
34%
30%
29%
33%

23%
21%
18%
14%
19%
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Impact of Prescription

Ref: Lemay, Lobo, Obla, Hanley Wood University, 2019 www.nrmca.org/sustainability

Impact of Prescription

Impact of provision

Specification Provision
Sustainability Performance Cost

L g

Restrictions on characteristics of
aggregates

Invoking a minimum content for
cementitious materials

Prescriptive requirements toward green
building credit

Restriction on SCM characteristics

N GIEAG G
GGG

Restriction on quantity of SCM

Ref: Lemay, Lobo, Obla, Hanley Wood University, 2019
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Impact of Prescription

To Achieve Optimized Performance

* Quality of paste Strength
— Supplementary cementitious materials Permeability
— Admixtures

* Quantity of paste - minimize

Shrinkage

* Improved Quality Control
» Specific durability issues — ASR, sulfate resistance
» Constructability

The specification should not restrict achieving these goals

— Cementitious materials
— Control of water Thermal effects
— Aggregate grading Permeability

© National Ready Mixed Concrete Association
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Performance Alternatives

* Permeability
— RCP - ASTM C1202 (1500 coulombs?)
— Bulk resistivity - ASTM C1876 (120 ohm.m?)
— Surface resistivity - AASHTO T 358

« Shrinkage
— ASTM C157 (0.05%)
— Define specimen size; duration of curing and drying

« ASR-ASTM C1293; ASTM C1567

ACI 318-19 — Durability Requirements

Chapter 19
19.3.1.1 /

The licensed design professional shall assign exposure

classes in accordance with the severity of the anticipated
exposure of members for each exposure category
according to Table 19.3.1.1
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Exposure Categories

Durability (ACI 318)

Requirements for Concrete (partial)

Concrete Mixtures

Members Exposure f". load/dur w/cm NMSA
Pool and deck F2, S0, W1, C1 | 4,000/ 4,500 0.45 Ya-in.
nterlor $1abs | Fo, 0, w0, €0 | 4000/n/a | n/a Yerin.,
Interior columns | FO, SO, WO, CO | 8,000/ n/a n/a Ya-in.
Balconies F3, SO, W0, C2 | 4,000/ 5,000 0.40 Ya-in.
Exterior walls F1, SO, W0, C1 | 3,500/ 3,500 0.55 1-in.
Foundation FO, S1, WO, C1 | 3,000/ 4,000 0.50 1-in.
Parking Slabs FO, S1, WO, C2 | 3,000/ 5,000 0.40 Ya-in.

Specify Exposure Class
(ACI 318)

Can test age >28 days?
Performance criteria
(permeability, shrinkage,
etc.)

© National Ready Mixed Concrete Association
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Evolution to Performance

* Identify Exposure Classes
— Basic requirements (Code)

Evolution to Performance

» Performance requirements as applicable

" Freeze Thaw Thermal
RCP, Shrinkage, _ MOE, i
Member C1202 C157 ASR C469 Control Density Other
C666 C457 Plan

Footings X

Foundations X X

Slabs on Grade X X

Exterior Slabs X X

Interior Slabs X X (LW)

Frame Members X

Interior Columns X

Exterior Columns

Interior Walls
Exterior Walls X
Slab Toppings X
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Specifications for Sustainability

General Guidelines
» Address prescriptive limits

Do not restrict use of materials
— Blended cements
— SCMs and admixtures

— Recycled materials
Avoid specifying means and methods
Address performance requirements
— By application
Consider innovation

Wwww.nrmca.org/sustainability

Factors Impacting Strength / GWP

Increases Strength & GWP Decrease GWP @ target strength
* Prescriptive requirements * Paste volume
« Early age strength e Use of SCMs / admixtures

. Quality control « Later strength age requirement

— standard deviation

— overdesign Designer
« Quality Assurance » Optimizing design
— acceptance testing « Use anticipated strength to
advantage

© National Ready Mixed Concrete Association
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Factors Impacting Embodied Carbon

» Typically higher
— Early strength — PT, formwork removal
— Self-consolidating concrete
— Workability for Placement
— Slabs — finishing
— Higher air content
« Can be lower
— Later age strength
— Mass concrete

— Performance-based — shrinkage, permeability, modulus...

Specifications for Sustainability

e Avoid GWP limits for each mixture

» Establish carbon budget for all concrete
— Percent reduction from benchmark OR Max GWP for all concrete

36

© National Ready Mixed Concrete Association
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Establishing a Carbon Budget

Project Budget

( TOTAL GWP: 4.30 x 106\

Individual Mix Limits

/

180

190

TOTAL GWP: 4.30 x 10

Shear Walls:

kg CO, eg/m?

Columns:
kg CO, eq/m?3

VS Floors 2-18:
240 kg CO, eg/m?

225

190

Floors B2-1:

kg CO, eg/m?3

Basement Walls:

kg CO, eq/m?3

kg CO, eq/m?3

Foundation:
175

~

Establishing a Carbon Budget

Benchmark Project

Proposed Project

VS

© National Ready Mixed Concrete Association
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Example: Proposed Building in Northeast U.S.

Shear Walls: 6 ksi @ 28 days

Columns: 8 ksi @ 28 days

Floors 2-18: 5 ksi @ 28 days

Floors B2-1: 5 ksi @ 28 days

Basement Walls: 5 ksi @ 28 days

Foundation: 6 ksi @ 28 days

Estimating Quantities and Properties of Concrete

Concrete Element concrete _ penchmark iy
Volume (yd?3) Mixes (benchmark)* (IW-EPD)*
Shear Walls 7,630 6,000 psi 30% SE{S,O gog/iifly ash
Columns 366 8,000 psi 4?)5(/)00f(|)yp;sfh
Floors 2-18 4,533 5,000 psi g&zosﬁfg:
Floors B2-1 1,067 5,000 psi 4?)52,0f(|)yp:sih
Basement Walls 444 5,000 psi 40% sgg,ogog/iiﬂy ash
Foundation 2,844 6,000 psi 40% sgg,ogoe’/iiﬂy ash
*Should be augmented with local data, knowledge, capabilities
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NRMCA Benchmark Mixes

Download at https://www.nrmca.org/association-resources/sustainability/epd-program/

Environmental Product Declaration (EPD)

3" party verified & registered documents that communicate transparency
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NRMCA Proposed Industry Wide EPD Mixes

Download at https://www.nrmca.org/association-resources/sustainability/epd-program/

Athena Impact Estimator (incudes NRMCA mixes)
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Defining Benchmark and Proposed Project in Athena IE

Reference Mixes Proposed Project
(benchmark) Mixes (IW-EPD)

Final Results

Project GWP (kg/yd?3) GWP Reduction
Benchmark Mixes 6.14 x 108 0
Proposed with Fly Ash and Slag Mixes 3.92 x 106 -36%
Establish Carbon Budget 4.30 x 106 -30%*

* ~5% tolerance should be achievable
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Proposed Specification Language

Option 1
Supply concrete mixtures such that the total Global Warming Potential (GWP) of all concrete on the project is

less than or equal to 4,300,000 kg of CO; equivalents as calculated using the Athena Impact Estimator for

Buildings Software available at www.athenasmi.org.

Option 2

Supply concrete mixtures such that the total Global Warming Potential (GWP) of all concrete on the project is
using Benchmark mixes as established by NRMCA and

available for download at www.nrmca.org. Submit a summary report of all the concrete mixtures, their

quantities and their GWP to demonstrate that the total GWP of the building is 30% or more below the GWP of

the benchmark project. Contractor may use the Athena Impact Estimator for Buildings software available at

www.athenasmi.org or other similar software with the capability of calculating GWP of different mix designs.

» Carbon Footprint Reduction
— Minimize prescriptive limits
— Performance-based requirements
— Permit innovative products and processes
» Define project goals for sustainability
« Communicate and partner early with all
project stakeholders
— Consider potential impact on cost
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Questions?
Specifying

Sustainable Concrete

Colin Lobo
clobo@nrmca.org

Brandon Wray
bwray@nrmca.org
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