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"Low-Carbon Concrete—Code Regquivements and Commentary”
(“Code”) provides provisions for concrete where reduced global
warming potential (GWP) is required. The Code was developed
by a consensus process and addresses casi-in-place concrete
with specified compressive strength greater than 2300 psi and
less than or equal to 8000 psi. Precast concrele, tremie concrete,
auger-cast concrete/grout, shotcrete, pavers, and masonry units
are not included in the scope of the Code. This is the first edition
of the Code and the scope is limited by the available benchmark
data. Future editions af the Code will be broader in scope as
data bevond strength benchmarks and for other tyvpes of concrete
becomes available.

The Code may be adopted as a stand-alone code or can be used
in combination with a structural design code or low-carbon mate-
rial code adopted by an authority having jurisdiction, The Code
ix in a format that allows reference to a set of chapters based on
the structure type. Adoption would include all of Chapters 1 to
4, the applicable Chapter(s) of 5, 6, 7, and/or 8, plus Appendix
A. This Code is written in a format thar allows reference without
change to its language. Therefore, backeground details or sugges-
tions for carrving out the requirements or intent of the Code provi-
sions cannot be included with the Code itself. The Commentary is
provided for this purpose.

Some considerations of the committee in developing the Code are
discussed in the Commentary along with references for the user
desiring to study individual questions in greater detail.
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CHAPTER 1—GENERAL

1.1—Scope of AC| CODE-323

1.1.1 This Code shall apply to cast-in-place concrete
structures as:

1. A reference in a building or structural design code.

2. A reference in a design and construction standard, rule,
or regulation.

3. A reference in a sustainable construction code.

4. A reference in a code, standard, rule, or regulation
governing the global warming potential (GWP) of materials,

5. A reference in construction documents, or

6. A stand-alone code governing the GWP of concrete.

1.1.2 The provisions of this Code shall be in addition to
those of the governing building or structural design code,
standard, rule, or regulation.

1.1.3 The provisions of this Code shall not be deemed to
supersede any provisions of local, state, or federal law.

1.2—General

1.2.1 ACI CODE-323, “Low-Carbon Concrete—Code
Requirements and Commentary.” is hereafter referred to as
“this Code.”

1.2.2 The official version of this Code is the English
language version, using inch-pound units, published by
the American Concrete Institute, except for GWP values
expressed as kg CO.e.

1.3—Purpose
1.3.1 The purpose of this Code is to provide requirements
for limiting the maximum GWP of concrete on a project.

1.3.2 This Code does not provide for public health, safety,
and general welfare.

American Concrete Institute Copyrighted Material—awww.concrete.org
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CHAPTER R1—GENERAL

R1.1—Scope of ACI CODE-323

R1.1.1 The Code includes provisions for low-carbon struc-
tural concrete governed by a building code, bridge code, or
other infrastructure code that governs the use of concrete,
Throughout the Code, the term “structure™ means a building,
non-building structure, member, system, or element, 1f the
construction includes concrete. Pavements are considered
structures for purposes of the Code.

Chapters 1 through 4 of the Code apply to all structure
types. Chapters 5 through & of the Code include require-
ments by structure type.

Refer to Chapter 2 for definitions of global warming poten-
tial (GWP), structural concrete, and low-carbon concrete.

R1.1.2 The Code is used in addition to building or struc-
tural design code requirements.

The regional nature of concrete as a material requires that
data used for benchmarking also be regional. The require-
ments of the Code permit the use of values collected for
eight regions of the contiguous United States and published
in Appendix C: NRMCA Member National and Regional
LCA Benchmark (Industry Average) Report — V 3.2 (Athena
sustainable Matenals Institute 2022).

The overall concept of the Code can be followed with the
use of locally developed benchmark values within or outside
of the United States.

R1.2—General

R1.2.2 GWP values in the Code are provided in kg CO,e
(kilograms carbon dioxide equivalents) per yvd®, Kilograms
are the worldwide accepted units for CO»e emissions and are
the traditional unit used in EPDs and LCAs. For this reason,
they are maintained in this inch-pound unit version of the

Code. Benchmark data referenced in the Code also use kg
CO»e for GWP,

R1.3—Purpose

R1.3.1 The Code is intended to provide additional require-
ments to a building or structural design code. The licensed
design professional (refer to Chapter 2 for definition) may
specify project requirements that exceed the minimum
requirements of the Code,

R1.3.2 While the immediate concerns of public health and

safety provided by a building or structural design code are
not the intent of the Code, the reduction of greenhouse gas
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1.3.3 This Code does not address strength, stability,
serviceability, durability, and integrity of concrete struc-
tures. This Code shall not supersede specified requirements
forstrength, stability, serviceability, durability, or integrity of
the concrete structure.

1.3.4 This Code does not address construction means and
methods.

1.4—Applicability
1.4.1 This Code shall apply where reduced GWP is

required for concrete structures.

1.4.2 Provisions of this Code shall be permitted to be used
for repair, alterations, and additions to existing structures,

1.4.3 This Code shall not apply to precast concrete, tremie
concrete, auger-cast concrete/grout, shotcrete, pavers,
masonry units, or concrete with specified compressive
strength less than or equal to 2500 psi or greater than 8000 psi.

1.4.4 The authority having jurisdiction or entity adopting
this Code shall be permitted to hmit or exclude GWP
requirements of the Code if it determines the requirements
in Chapters 5 through 8 are not feasible for a project.

1.4.5 The licensed design professional shall be permitted
to specify more stringent requirements than those provided
in this Code.

1.5—Administration
1.5.1 Where referenced in a code adopted by the authority
having jurisdiction, the provisions of this Code shall not

(aci®
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emissions contributes to the long-term health of the planet
and the health of its occupants.

R.1.3.3 In many cases, concrete mixtures that are propor-
tioned for performance may result in a reduction in the
concrete’s GWP. Collaboration between the parties involved
can often aid in the development of a lower GWP solution
that meets or exceeds all other performance requirements.

R1.4—Applicability

R1.4.1 The Code provides minimum requirements to
reduce greenhouse gas emissions from manufacturing
concrete mixtures. The user i1s encouraged to exceed the
minimum requirements to further reduce greenhouse gas
emissions from concrete mixtures as well as to examine
methods to reduce emissions in other aspects of the life cycle
of a structure,

R1.4.2 Specific provisions for assessment, repair, and
rechabilitation of existing concrete structures are provided in
ACT CODE-5362. Existing structures in ACI CODE-562 are
defined as structures that are complete and permitted for use.

When a structure can be reused, repaired, or rehabilitated
rather than entirely replaced, greenhouse gas emissions
will be significantly reduced compared to new construc-
tion (Hasik et al. 2019; Padget and Tapia 2013; Meryman
et al. 2013).

The Code is intended to apply to new concrete that meets
the provisions of 1.4.3, including concrete used for additions
to existing structures.

R1.4.3 The scope is limited in the first edition of the
Code due to available benchmark data. As noted in 1.4.5,
the licensed design professional may specify requirements
beyond those listed in the code, thus GWP limits for the
applications listed in 1.4.3, or concrete specified by flexural
strength, could be made 1if data are available.

R1.4.4 The reasons for limiting or excluding the require-
ments of the code should be listed with detail provided to
demonstrate what exceptions, if any, should be made.

For instance, in some regions, concrete suppliers and
materials may be limited. This may restrict the feasibility
of meeting all project requirements along with GWP
requirements.

R1.5—Administration

American Concrete Institute Copyrighted Material—www.concrete.org
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supersede the provisions of the code adopted by the authority
having jurisdiction.

1.5.2 Where referenced in a standard, rule, or regulation,
the provisions of this Code shall not supersede the provi-
sions of such standards, rules, or regulations.

1.5.3 If the provisions in this Code conflict with require-
ments of standards referenced within this Code, this Code
shall govern.

1.5.4 Alternative materials, design, and construction shall
be permitted in accordance with the governing building or
structural design code or by the authority having jurisdiction.

1.6—Construction documents and design records

1.6.1 The licensed design professional shall provide in
construction documents the information necessary to satisfy
the requirements of this Code and that required by the
authority having jurisdiction.

American Concrete Institute Copyrighted Material—awww.concrete.org
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R1.5.4 Materials and methods are evolving quickly in
low-carbon concrete construction, but materials used in
concrete mixtures must follow the acceptance provisions in
the governing design code or specification.

If the structural code adopted by the authority having juris-
diction includes provisions for approval of alternative mate-
rials, those provisions may be used for review of materials
used to reduce the GWP of concrete mixtures. Typically, the
approval process requires the evaluation to be completed
by an approved agency, and the material properties and use
requirements be summarized in a written evaluation report.
This process is intended to allow for use of new materials
and classes of materials that do not have approved design
standards or material specifications. Recommendations for
concrete properties to be evaluated are discussed in Holland
and Hover (2020), Becker et al. (2019), ACI ITG-10R, and
ACLITG-10.1R.

R1.6—Construction documents and design records

R1.6.1 Low-carbon concrete can often be achieved without
sacrificing the strength, safety, and serviceability require-
ments that are paramount in concrete structural design.
Mixture design optimization can enable the production of
concrete that meets performance requirements with lower
GWP material choices. The LDP should develop project
specifications to accommodate the requirements for safety,
strength, serviceability, durability, and constructability while
also lowering total GWP of the concrete. Recommendations
for constructability items to consider when reducing GWP
of the concrete are discussed in Kammer et al. (2023).

For instance, specifications requiring minimum cementi-
tious material contents, the exclusion or imitation of supple-
mentary cementitious materials, and mixture requirements
of 1200 psi overdesign, will reduce the flexibility needed by
the concrete supplier to meet specified GWP limits. Recom-
mendations for improving specifications for low-carbon
concrete are discussed in NRMCA (2021), The impact of
overdesign is discussed in Buffenbarger et al. (2023).

.n)
O,
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CHAPTER 2—NOTATION AND TERMINOLOGY

2.1—Scope
2.1.1 This chapter defines notation and terminology used
in this Code.

2.2—Notation

! = specified compressive strength  of
concrete, psi

= weighted average benchmark GWP for

concrete used on the project, kg COse/vd?

GI'FPm'r.IL.fml-:T.I'&' avg

GWP ik = benchmark GWP for class of concrete,
i, kg COqelyd’

GWP et ave = weighted average project GWP for the
concrete mixtures used on a project,
kg fn: E."'}-'lj'l

GWP e = project GWP for class of concrete, i,
kg COnelyd?

n = number of concrete classes proposed
for use on the project

Fal, = volume of concrete for class of
concrete, i, yd®

(ot = GWP reduction factor

2.3—Terminology
class of concrete—characterization of concrete of various
qualities or usages, usually by compressive strength.

cradle-to-gate—corresponding to life cycle modules Al
through A3 according to IS0 21930,

environmental product declaration (EPD)—declara-
tion providing environmental data using predetermined
parameters meeting the requirements of ISO 21930,

global warming potential (GWP)—index used to deter-
mine the energy absorption caused by the emissions of
different gases associated with a product, normalized to an
equivalent mass of carbon dioxide over a period of 100 years.

gross floor area—the floor area within the inside perim-
eter of the exterior walls of the building under consideration,

independent third-party verified—an assessment and
confirmation of the validity of a written claim by a person
not under the control or influence of the claim. The person
shall be knowledgeable in the area of the claim.

(aci*
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CHAPTER R2—NOTATION AND TERMINOLOGY

R2.3—Terminology

class of concrete—The class of concrete 1s based on the
strength and use in a given project. Although compressive
strength is specified for most applications, pavement specifi-
cations may specify flexural strength.

global warming potential (GWP)—The estimation of
GWP uses factors that can be applied to greenhouse gases
to compare the global warming potential of different gases.
Specifically, these factors are applied to reflect the energy
absorption caused by the emissions of various gases that
contribute to global warming, normalized to the emissions
of COe. A larger GWP factor for a gas indicates greater
warming potential relative to COse. GWP factors are most
commonly taken over a period over 100 years but can be
examined for other time periods, While GWP is not synony-
mous with greenhouse gas (GHG) emissions, “GWP” 1s
used as an impact category in EPDs to reflect the GHG emis-
sions associated with a given product. In the Code, the term
“GWP” 1s consistent with its use in EPDs.

independent third-party verified—The independence
and competencies of verifiers is detailed in IS0 14025,

American Concrete Institute Copyrighted Material—www.concrete.org
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licensed design professional (LDP)—(1) an engincer
or architect who 15 licensed to practice structural design as
defined by the statutory requirements of the professional
licensing laws of the state or jurisdiction; (2) the architect
or engineer, hcensed as descnibed, who 1s responsible for
the structural design of a particular project (also historically
known as the engineer of record).

life cvele assessment (LCA)—compilation and evalu-
ation of the inputs, outputs, and potential environmental
impacts of a product throughout its life cycle.

low-carbon concrete (LCC)—concrete designed with
reduced cradle-to-gate global warming potential compared
to a benchmark and Tier 1 requirements of this Code.

product category rule (PCR)—set of specific rules,
requirements, and guidelines for developing EPDs for one
or more product categones.

project—a contiguous construction project.

structural concrete—concrete  used for structural
purposes, including plain and reinforced concrete.

American Concrete Institute Copyrighted Material—awww.concrete.org
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licensed design professional (LDP)—The LDP may also
be referred to as “registered design professional™ in other
documents; a licensed design professional in responsible
charge of the design work is often referred to as the “engi-
neer of record” (EOR).

life eyele assessment (LCA)—An LCA 15 a systematic
process of quantifying environmental impacts of a product.
There are standardized methods of assessment, which
include defining the scope of analysis, compilation of inputs
and outputs to the system being analyzed, application of
factors (such as GWPs) to facilitate assessment of potential
environmental impacts, and interpretation. Assessments are
commonly performed for cradle-to-gate, gate-to-gate, and
cradle-to-grave life cycle stages of products. In the Code,
only the cradle-to-gate GWP is addressed. These are the
cradle-to-gate GWP of concrete mixtures, reported as the
sum of GWP impacts for the Al, A2, and A3 modules.

low-carbon concrete (LCC)—Requirements of the Code
are anticipated to become more stringent in future editions.
The most stringent requirements in the Code for each chapter
are Tier 1: BL1 (5.3.1), PHI (6.3.1), BR1 (7.3.1), and STR1
(8.3.1).

project—The term “project” in the Code is not intended
to include groups of distinct projects that have been bundled
for bidding purposes. Residential developments are consid-
ered a single contiguous project.

.n)
O,
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CHAPTER 3—REFERENCED STANDARDS

3.1—Scope

3.1.1 Standards, or specific sections thereof, cited in this
Code, including Appendix A, are referenced without excep-
tion unless specifically noted. Cited standards are listed
with their serial designations, including year of adoption
Or TEVIsion.,

3.2—Referenced standards

3.2.1 Tmternational Organization  for  Standardization
(I50)

150 14025:2006—Environmental Labels and Declara-
tions — Type III Environmental Declarations — Principles
and Procedures

IS0 14040:2006—Environmental Management — Life
Cycle Assessment — Principles and Framework

[SO 14040:2006/Amd 1:2020—Environmental manage-
ment — Life Cycle Assessment — Principals and Frame-
work — Amendment |

SO 14044:2006—Environmental Management — Life
Cycle Assessment — Requirements and Guidelines

IS0 21930:2017—S8ustainability in Buildings and Civil
Engineering Works — Core Rules for Environmental Product
Declarations of Construction Products and Services

,ﬂ)
2]
uy
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CHAPTER R3—REFERENCED STANDARDS

R3.1—Scope

R3.1.1 In the Code, references to standard specifications
or other materials are to a specific edition of the cited docu-
ment. This i1s done by using the complete serial designation
for the referenced standard, including the title indicating the
subject and year of adoption. All standards referenced in the
Code are listed in this chapter, with the title and complete
serial designation. In other sections of the Code, referenced
standards are abbreviated to include only the serial desig-
nation without a title or date. These abbreviated references
correspond to specific standards listed in this chapter.

American Concrete Institute Copyrighted Material—www.concrete.org



LOW-CARBON CONCRETE—CODE REQUIREMENTS AND COMMENTARY (ACI CODE-323-24) 9

CODE

CHAPTER 4—CONCRETE MIXTURE GLOBAL
WARMING POTENTIAL (GWP)

4.1—Scope
4.1.1 This chapter shall apply to concrete mixture
materials.

4.1.2 This chapter shall apply to the cradle-to-gate global
warming potential (GWP) of concrete mixtures,

4.2—General

4.2.1 The licensed design professional shall specify the
GWP-related concrete requirements for the concrete mixture
based on the applicable structure type mn Chapters 5, 6, 7,
or 8. For projects containing multiple structure types, each
portion of the project shall follow the requirements of the
appropriate structure chapter.

4.2.2 The licensed design professional shall examine
the documentation in 4.3 and verify that documents are in
compliance with the project requirements and this Code.

4.3—GWP documentation
4.3.1 The GWP of each class of concrete shall be docu-
mented as defined in 4.3.2.

4.3.2 GWP values for each concrete mixture shall be
documented in one of the following: an independent third-
party verified LCA report, an independent third-party veri-
fied product-specific EPD, or an independent third-party
verified LCA tool. LCA reports, EPDs, and LCA tools
shall conform to [SO 14040, 1SO 14044 and the applicable
product category rule that conforms to 1S0O 21930 and SO
14025, Where a Product Category Rule (PCR) exists, the
method specified in the PCR shall be used for quantifying
GWPenchmart  and GWP, 00 . Where a PCR does not exist,
GWP,pen : shall be calculated using the same method used
for quantifying GHPs.chmart i-

American Concrete Institute Copyrighted Material—awww.concrete.org
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CHAPTER R4—CONCRETE MIXTURE GLOBAL
WARMING POTENTIAL (GWP)
R4.1—Scope

R4.1.1 Only the GWP of the concrete mixture 1s included
in the Code. Reinforcing materials are not included at this
time. Fibers contribute to the GWP of the mixture and should
be included in the GWP reported in the mixture EPD.

Currently, there is insufficient available data regarding
baseline GWP values for mixtures containing fibers, and
as such they have not been included in baseline mixtures
in the Code. Future editions of the Code will endeavor to
include mixtures such as fibers and reinforcement as the data
becomes available for analysis.”

R4.1.2 Benchmark data is currently based on cradle-to-
gate GWP values. Later life cycle stages may be of interest
to stakeholders on a project, and the Code does not preclude
their consideration in design. Future editions of the Code
may extend to the full life cyele of concrete.

R4.2—General

R4.2.2 The contractor should receive the data from the
concrete supplier to provide to the LDP.

Local and regional availability and variability in material
properties has a significant impact on the options for a low-
carbon concrete mixture. Allowing the concrete supplier to
provide mixtures that meet the GWP limits, along with other
design requirements, allows flexibility to achieve mixtures
that meet all project requirements and minimizes cost.

R4.3—GWP documentation

R4.3.2 An EPD or LCA conducted in accordance with
[SO 21930 and the ready-mixed concrete PCR (NSF Inter-
national 2021), can be used for GWP data and includes the
cradle-to-gate GWP which 1s equivalent to raw material
supply, transport, and manufacturing.
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4.4—GWP weighted average
4.4.1 The GWPE e g shall be caleulated using Eq. (4.4.1).

GWP . . Ej;.GHf’ﬂ“Wr. s I-"ﬂfr_
et any E—,:I:]Fﬂil.

(4.4.1)

4.4.1.1 The GWP,, jocr s values used in Eq. (4.4.1) shall

meet the requirements of 4.3.

4.4.2 The weighted average benchmark GWP shall be
provided as a weighted average of the classes of the total
volume of concrete on the project using Eq. (4.4.2),

T GWE x Fal,
Gthonck.mri' wg - Ell-l Zﬁ“ﬁrl G.Il

=1

(4.4.2)

4.4.3 The design volumes of concrete used per class shall

be the same for Eq. (4.4.1) and Eq. (4.4.2).

4.5—GWP benchmark

4.5.1 The GWP benchmark by class and region shall be
determined by the authority having junisdiction or entity
adopting this Code.

4.5.2 It the authority having jurisdiction or entity adopting
this Code has not developed GWP benchmark values by
concrete class, the values from Tables A.3.1a through A.3.1h
shall be used.

,n)
2]
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R4.4—GWP weighted average

R4.4.1 The weighted average approach allows flexibility
in balancing concrete components that typically require
higher GWP with applications that tvpically require lower
GWP, such as foundations.

R4.5—GWP benchmark

R4.5.1 Chapters 5 through ¥ include GWP limits provided
as a percentage of the defined GWP benchmark. The region-
ally variable nature of concrete GWP is best benchmarked
in the region where the materials will be used. Benchmark
vialues should be averages based on a statistical study of
concrete in that region. If the authority having jurisdiction
or entity adopting the code has not developed representa-
tive local data, 4.5.2 provides an option based on regional
industry averages in the United States.

Benchmarks determined in 4.5.1 may use different classes
of concrete than shown in Appendix A, if they are deemed
appropriate by the authority having jurisdiction or entity
adopting the code. For example, benchmarks for concrete
pavement applications may be based upon flexural strength.

R4.5.2 The benchmarks presented in Tables A3.la
through A.3.1h are based on regional values from Appendix
C: NRMCA Member National and Regional LCA Bench-
mark {Industry Average) Report — V 3.2 (Athena Sustainable
Materials Institute 2022).

The concrete classes are given by /. (specified 28-day
compressive strength) in the Code because that is currently
the most comprehensive data available.

Research has shown that there is poor correlation between
concrete class and concrete GWP (DeRousseau et al. 2020;
Wang et al. 2021). A higher GWP is not a necessary compo-
nent of higher-strength concrete; however, current data limi-
tations mean that benchmark concrete GWP values avail-
able for the entire United States show a correlation between
strength in concrete and GWP.

As additional data correlating more directly to use and
application are collected and published in future documents,
the Code will be updated to reflect a more representative
series of concrete classes.

American Concrete Institute Copyrighted Material—www.concrete.org
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4.5.2.1 When a benchmark 1s assigned to a class of concrete
based on £, the concrete on the project shall be permitted to
be categorized to the class of concrete of the same /. regard-
less of the age required to achieve that strength.

American Concrete Institute Copyrighted Material—awww.concrete.org
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R4.5.2.1 If the class of concrete is defined by £, the
GWP associated with the £ at any age can be compared to
the GWP limit even if the GWP limit is determined from
a benchmark /" at a different age. While most benchmarks
at this time use 28-day /. data, designers may specify later
ages (for example, 56 or 91 days) to achieve an £’ value as a
strategy to reduce GWP,
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CHAPTER 5—BUILDINGS

5.1—Scope
5.1.1 This chapter shall apply to building projects,

5.1.1L.1 A residential development shall be considered a
single building project for 5.3.

5.2—General
5.2.1 Concrete mixtures, GWP calculations, and GWP
documentation shall be in accordance with Chapter 4.

5.2.2 Project tier in 5.3 shall be determined using the
combined gross floor area of the building project.

5.3—Determination of requirements

5.3.1 Building projects shall comply with the require-
ments of Table 5.3.1, where o shall be (.85 when Appendix
A benchmarks are used. The authority having jurisdiction
shall set o if they develop their own benchmarks as per4.5.1,

Table 5.3.1—Building requirements by gross
floor area

Minimum
Building Building gross documentation
project tier floor area GWP limit requirements
; WP eer g =
BLI = 50,000 fit* e 532,533
- EG HJP.‘:.'IN'mlmi e g
< 50,000 f* and -
= - 5
BL2 = 5000 f2 MNone 532,533
BL3 < 5000 ft* None 5.3.3

b)
2]
uy
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CHAPTER R5—BUILDINGS

R5.1—Scope

R5.1.1 The requirements of this chapter are tied to the size
of the building. Building size 1s calculated by gross floor
area regardless of material type. Once a requirement is deter-
mined, GWP calculations include all concrete in the building
project (refer to R5.3.1).

The concrete building projects in this section include those
that are within the scope of the following ACI documents:

ACI  SPEC-301-20—S8pecifications  for  Concrete
Construction

ACT CODE-318-19(22)—Building Code Requirements
for Structural Concrete and Commentary

ACI CODE-332-14—Residential Code Requirements for
Structural Concrete and Commentary

ACT CODE-562-21—Assessment, Repair, and Reha-
bilitation of Existing Concrete Structures—Code and
Commentary

If a building 15 within the scope of one of the above codes,
the Code (ACI CODE-323) only applies if adopted by the
authority having jurisdiction or other entity.

R5.1.1.1 Buildings in residential developments are consid-
ered a single building project for calculations of gross area
in 3.3, The gross area of all the buildings in the development
are summed to get the gross area value in Table 5.3.1.

R5.2—General

R5.2.2 For new buildings, the entire combined gross floor
area should be used regardless of the types of materials used.
For alterations and additions, the combined gross floor area
of the altered and added areas should be used.

R5.3—Determination of requirements

R5.3.1 The floor area determines the requirement for the
concrete in the building project. The requirements are met
through calculations of GWP per unit volume of concrete
on the project.

The GWP, et me Includes all concrete in the building
including, but not limited to, walls, columns, floors, founda-
tions, footings, and fagade.

The floor area divisions in Table 5.3.1 were developed to
place the most stringent requirements on large commercial
buildings and significant residential developments. Future
editions of the Code are anticipated to have lower GWP
limits and include GWP limits on smaller projects.

The U.S. Energy Information Administration (2023a,b)
collects energy usage data along with building size data for
commercial buildings (2018 CBECS Survey Data) and resi-
dential buildings (2020 RECS Survey Data) that is useful
in understanding the breakdown of building sizes and their
contribution to total square footage of buildings in the
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5.3.2 Documentation for building projects shall report the
following:

(@) (GIWPpoject avg! GWPienctomart ang)

(b) GWPyiect avs

(E} GH}P"’-IZ'I'JI.'."I.”MTJ'.':' avg

(d) GWPncimari 6 GWP e i and Vol, Tor every class of

concrete on the project

5.3.3 Building projects shall document all concrete
mixtures used on the project with their corresponding use,
specified compressive strength, exposure categories and any
other performance requirements, and a summary of any strat-
egies used to reduce the GWP of the concrete on the project.

American Concrete Institute Copyrighted Material—awww.concrete.org
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United States. Other countries have similar statistics that can
be used to adapt the requirements in the Code for use outside
the United States.

Appendix B provides a form that meets the documentation
requirements of Table 5.3.1, Section 5.3.2, and Section 5.3.3
as well as example calculations. An online GWP calculation
tool is available online at www.concrete,org,

R5.3.2 Documentation requirements supporting GWP
values are given in 4.3.2. Refer to 4.5.1 and 4.5.2 for details
on establishing GWP benchmark values.

Appendix B provides example documentation for meeting
this requirement.

R5.3.3 Appendix B provides example documentation for
meeting this requirement.

Documentation for the final concrete mixtures and volumes
used on the project 1s required. Submittal of preliminary
documentation at the beginning of construction along with
the concrete mixture design can serve as an early review, but
the final documentation should be based on actual concrete
mixtures used on the project

.n)
O,
'
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CHAPTER 6—PAVEMENT AND HARDSCAPE

6.1—Scope
6.1.1 This chapter shall apply to concrete pavement and
hardscape.

6.2—General
6.2.1 Concrete mixtures, GWP calculations, and GWP
documentation shall be in accordance with Chapter 4.

6.2.2 Design concrete volume calculations in 6.3 shall
include all concrete used as pavement and hardscape.

6.3—Determination of requirements

6.3.1 Pavement and hardscape concrete shall comply with
the requirements of Table 6.3.1 where « shall be 0.85 when
Appendix A benchmarks are used. The authority having
jurisdiction shall set a if they develop their own benchmarks
asper4.5.1,

,ﬂ)
2]
uy
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CHAPTER R6—PAVEMENT AND HARDSCAPE

R6.1—Scope

R6.1.1 Pavements are considered streets, local roads,
and highways. Ancillary concrete includes sidewalks,
curbs, gutters, median barriers, barrier walls, noise barriers,
shoulders, signage foundations, and other concrete directly
associated with a pavement project. For non-concrete pave-
ments that have associated ancillary concrete, the ancillary
concrete 15 covered in this chapter. The term “pavement™ in
this chapter refers to the combination of pavement and ancil-
lary concrete.

Hardscape elements include sidewalks, parking lots,
driveways, and aesthetic concrete features not covered else-
where in the Code.

The concrete pavement in this section includes those that
are within the scope of the following documents:

ACI PRC-325.14-17—Guide for Design and Propor-
tioning of Concrete Mixtures for Pavements

ACISPEC-330.1-14(20)y—5Specification for Unreinforced
Concrete Parking Lots and Site Paving

FAA A/C 150-3370-10H-20185—Standard Specifica-
tion for Construction of Airports (Section P-501 Cement
Concrete Pavements)

State Departments of Transportation (DOTs) also main-
tain their own standard specifications for pavements, which
can generally be obtained from each DOT’s website.

The requirements of this chapter are tied to the volume of
concrete used on the entire project, including pavement and
hardscape concrete.

If pavement or hardscape is within the scope of one of
the above codes or guides, the Code (ACI CODE-323) only
applies if adopted by the authority having jurisdiction or
other entity.

R6.3—Determination of requirements

R6.3.1 The volume divisions in Table 6.3.1 were devel-
oped to place the most stringent requirements on larger proj-
ects. Future editions of the Code are anticipated to have lower
GWP limits and to include GWP limits on smaller projects.

Appendix B provides a form that meets the documentation
requirements of Table 6.3.1, Section 6.3.2, and Section 6.3.3
as well as example calculations. An online GWP calculation
tool is available online at www.concrete.org.
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Table 6.3.1—Pavement and hardscape requirements
by volume of concrete

Pavement and

hardscape Minimum
Pavement and concrete documentation
hardscape tier volume GWP limit requirement
WP et o =
PHI =7500 yd* G, F‘“’““””'" - 6.3.2,633
{-':C' H lPn‘:w"-'-. fimard g
<7500 and
2 None 32,63
FH 2000 yd* one 6.3.2,63.3
PH3 <2000 yd* None 6.3.3

6.3.2 Documentation for pavement and hardscape projects
shall report the following;
(@) (GWP yieer ave "GP penchmart s
{b] GH;PpJTJ,.‘::rM’L;:
{‘3} GIFFhwc-mmrJ'.t avg
(d) GWPnchmark iv GWP e i and Vol for every class of
concrete on the project

6.3.3 Pavement and hardscape projects shall document
all concrete mixtures used on the project with their corre-
sponding use, specified compressive or flexural strength,
durability requirements, and any other performance require-
ments, and a summary of any strategies used to reduce the
GWP of the concrete on the project.

American Concrete Institute Copyrighted Material—awww.concrete.org
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R6.3.2 Documentation requirements supporting GWP
values are given in 4.3.2. Refer to 4.5.1 and 4.5.2 for details
on establishing GWP benchmark values.

Appendix B provides example documentation for meeting
this requirement.

R6.3.3 Appendix B provides example documentation for
meeting this requirement.

.n)
O,
'
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CHAPTER 7—BRIDGES

71—Scope

7.1.1 This chapter shall apply to bridge superstructure,
substructure, deep foundations, and associated ancillary
concrete.

7.2—General
7.2.1 Concrete mixtures, GWP calculations, and GWP
documentation shall be in accordance with Chapter 4.

7.2.2 Design deck area calculations in 7.3 shall be the
length of the deck multiplied by the out-to-out width of the
deck.

7.3—Determination of requirements

7.3.1 Bridges shall comply with the requirements of Table
7.3.1 where o shall be 0.85 when Appendix A benchmarks
are used. The authority having jurisdiction shall set o if they
develop their own benchmarks as per 4.5.1.

Table 7.3.1—Bridge requirements by deck area

Ml i e
Bridge documentation
project tier Deck area GWP limit requirements
WP iecr ave =
BRI =25 i PRpeCT Ve = 732,733
- 5 ﬂDD ' s i"F':-Fl.l"rll:.'..'|||||'-': v 3
< 25,000 fi*
2 T , 32,73
BR and = 5000 fi None 732,733
BR3 < 5000 i None 7.3.3

7.3.2 Documentation for bridge projects shall report the
following:

(@) (GWPuoject wng! G WP bherchomart avg)

(b)) GWP, et ave

'["3] Gwphﬂ.llc--'.lwl.whrtg

(d) GWPyepciumart o GWPy e 1w and Vol, for every class of

concrete on the project

7.3.3 Bridge projects shall document all concrete mixtures
used on the project with their corresponding use, specified
compressive strength, durability requirements, and any other
performance requirements, and a summary of any strategies
used to reduce the GWP of the concrete on the project.

(aci ®
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CHAPTER R7—BRIDGES

R7.1—Scope

R7.1.1 The requirements of this chapter are tied to deck
area of bridge spans on the project regardless of the type of
material used. GWP calculations include all concrete on the
bridge including superstructure and substructure.

Ancillary concrete includes sidewalks, curbs, gutters,
median barriers, barrier walls, noise barriers, and other
concrete directly associated with a bridge project.

The bridges in this section include those within the scope
of the AASHTO LRFD Bridee Design Specifications, ninth
edition, 2020,

If a bridge 1s within the scope of the AASHTO LRFD
Bridge Design Specifications, the Code (ACI CODE-323)
only applies if adopted by the authority having jurisdiction
or other entity.

R7.2—General

R7.2.2 This defimition for deck area follows that used for
the National Bridge Inventory (FHWA 1995).

R7.3—Determination of requirements

R7.3.1 The deck area determines the requirement for the
bridge. The GWP,, s v includes all concrete in the bridge
including superstructure and substructure elements.

The deck area divisions in Table 7.3.1 were developed
to place the most stringent requirements on larger bridge
projects. Future editions of the Code are anticipated to have
lower GWP limits and to include GWP limits on smaller
projects,

Appendix B provides a form that meets the documentation
requirements of Table 7.3.1, Section 7.3.2, and Section 7.3.3
as well as example calculations, An onling GWP calculation
tool 15 available online at www.concrete.org.

R7.3.2 Documentation requirements supporting GWP
values are given in 4.3.2, Refer to 4.5.1 and 4.5.2 for details
on establishing GWP benchmark values.

Appendix B provides example documentation for meeting
this requirement,

R7.3.3 Appendix B provides example documentation for
meeting this requirement.
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CHAPTER 8—O0THER STRUCTURES

8.1—Scope

8.1.1 This chapter shall apply to any structure and associ-
ated ancillary concrete not covered by Chapters 5 through 7
at the discretion of the authority having jurisdiction or the
entity adopting this code,

8.2—General
8.2.1 Concrete mixtures, GWP calculations, and GWP
documentation shall be in accordance with Chapter 4.

8.2.2 Design concrete volume calculations in 8.3 shall
include all concrete used on a project that is not already
covered by Chapters 5 through 7.

8.3—Determination of requirements

8.3.1 The structure shall comply with the requirements of
Table 8.3.1 where a shall be 0.85 when Appendix A bench-
marks are used. The authority having jurisdiction shall set o
if they develop their own benchmarks as per 4.5.1,

American Concrete Institute Copyrighted Material—awww.concrete.org
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CHAPTER R8—OTHER STRUCTURES

R8.1—Scope

R8.1.1 The requirements of this chapter are tied to the
size of the structure and any associated ancillary concrete
on the project.

This chapter provides requirements for structures not
covered explicitly in the designated type chapters (Chap-
ters 5 through 7). These may include environmental struc-
tures, containment structures, locks, dams, and heavy indus-
trial projects. The structures in this section may include,
but are not limited to, those that are within the scope of the
following ACT documents:

AClT CODE-307-23—Requirements  for
Concrete Chimneys—Code and Commentary

ACT SPEC-313-16—Design Specification for Concrete
Silos and Stacking Tubes for Storing Granular Materials and
Commentary

ACI CODE-349-13—Code Requirements for Nuclear
Safety-Related Concrete Structures and Commentary

ACI CODE-350-20—Code Requirements for Environ-
mental Engineering Concrete Structures and Commentary

ACT CODE-376-11—Code Requirements for Design and
Construction of Concrete Structures for Containment of
Refrigerated Liquefied Gases and Commentary

If a structure is within the scope of one of the above codes,
the Code (ACI CODE-323) only applies if adopted by the

authority having jurisdiction or other entity.

Reinforced

R8.3—Determination of requirements

R8.3.1 Appendix B provides a form that meets the docu-
mentation requirements of Table 8.3.1, Section 8.3.2, and
Section 8.3.3 as well as example calculations. An online
GWP calculation tool is available online at www.concrete,

Org.
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Table 8.3.1—Structure requirements by volume of
concrete

Minimum
Structure Structure documentation
tier concrete volume CWP limit requirements
. GWP vt g =
STE1 =7500 vd* | s H.32 B33
- 1:. ﬂ-GH Pl'l.n.'l'lmw\k v
< T500 and
STRZ Maone 532 B33
=2000 yd*
STR3 <2000 yd?* MNone 833

8.3.2 Documentation for structures projects shall report
the following:

{La) {G Hrr-lpjmg,few m-.n.,a"rG IFP:'.I:*'.'I:'I'r.rh'n'rﬁ. erl-;.,::.

(b)Y GWP,iect ave

'[':] Gﬂrphv.llcn'rrr.'r.'r#mn

(d) GWPsehchmart v GWP e 1o and Vol for every class of

concrete on the project

() GWPpioct ave AN GWPypmart v GWP ey o and Vol

for every class of concrete on the project,

8.3.3 Structures projects shall document all concrete
mixtures used on the project with their corresponding use,
specified compressive strength, durability requirements,
and any other performance requirements, and a summary of
any strategies used to reduce the GWP of the concrete on
the project.

C
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R8.3.2 Documentation requirements supporting GWP
values are given in 4.3 2. Refer to 4.5.1 and 4.5.2 for details
on establishing GWP benchmark values.

Appendix B provides example documentation for meeting
this requirement.

R8.3.3 Appendix B provides example documentation for
meeting this requirement,
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APPENDIX A—REGIONAL GWP BENCHMARKS

A.1—Scope
A.1.1 This appendix shall provide the GWP benchmark
for classes of concrete by region to meet 4.5.2,

A.2—Notation

GWP bk benchmark GWP for class of concrete, i,
kg COwelyd’

A.3—Benchmark GWP data

A.3.1 Tables A.3.la through A.3.l1h shall be used to
determine GWPpohmars ¢ for normalweight and lightweight
concrete classes.

Table A.3.1a—Region 1 (Eastern) GWP benchmark
values by class strength

Specified strength | Normalweight concrete  Lightweight concrete

class (f.) Or WPy st i WPy chmark s
at 28 davs, psi kg COge/yd® conerete | kg COwelvd? conerete |
2501 to 3000 202 396
JOOT vo 4000 241 438
4001 to 5000 290 481
S001 o 6000 306 Not applicable
G001 to 8000 361 Mot applicable

Table A.3.1b—Region 2 (Great Lakes) GWP
benchmark values by class strength

Specified strength | Normalweight concrete . Lightweight concrete

class (f.") WPyt is G WP euchmark
at 28 days, psi kg COze/vd® concrete kg COueivd’ conerete
2501 to 3000 195 KE.
3001 1o 2000 232 4212
4001 vo 5000 274 46l
S001 to 6000 294 Not applicable

6001 to BOOD 346 Not applicable

,n)
2]
uy
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APPENDIX RA—REGIONAL GWP BENCHMARKS

RA.1—Scope

RA.1.1 The regionally variable nature of concrete GWP is
best benchmarked in the region where the materials will be
used. If the authority having jurisdiction or entity adopting
the code has not developed representative local data, the
values in this appendix provide an option based on regional
industry averages in the United States.

The benchmarks presented in this appendix are based
on Appendix C: NRMCA Member National and Regional
LCA Benchmark (Industry Average) Report — V 3.2 (Athena
Sustainable Materials Institute 2022), Background on data
analysis and collection 1s presented in the document above.

The concrete classes in this appendix include benchmarks
by region for six normalweight ready mixed concrete prod-
ucts by compressive strength £, and 3 lightweight concrete
products by compressive strength £,

RA.3—Benchmark GWP data

RA.3.1 Figure RA 3.1 shows the contiguous United States
regions used in Tables A3, 1a through A.3.Th. Benchmarking
data are not available for areas outside of the contiguous
United States, so benchmarks are not provided for these
drcas,

Data in Tables A.3.1a through A.3.1h are adapted from the
NRMCA regional industry-wide benchmark values ( Athena
Sustainable Materials Institute 2022) and rounded up to the
nearest kg COqe.

The £ values in Tables A.3.1a through A.3.1h are rounded
to the nearest | psi. The /.’ values are given bands and should
be used without interpolation. For example, an f." value is
3600 psi or 4000 psi would both have the same GWP limit
in Tables A.3.1a through A.3.1h.
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CODE COMMENTARY

Table A.3.1c—Region 3 (North Central) GWP
benchmark values by class strength

Specified strength | Normalweight concrete | Lightweight concrete
class (/") GWPyncimark s G W Pponchmart is
at 28 days, psi kg COqelvid® conerete | kg COwef/yd® concrete
2500 to 3000 202 372
3007 to 4000 239 411
40071 1o 3000 285 452
S001 to GO0 0z Mot applicable
6001 1o BO00 352 Mot applicable

Table A.3.1d—Region 4 (Pacific Northwest) GWP
benchmark values by class strength

Specified strength | Normalweizght concrete | Lightweight concrete
class (f.") WP pachmant is W Ppenchmart is
at 28 days, psi kg COze/vd! conerete | kg COselvd® concrete
2501 to 3000 200 T
3007 to 40040 242 4440
40071 to 3000 296 484
5001 to 6000 312 Not applicable
GO0T to 2000 373 Not applicable

Table A.3.1e—Region 5 (Pacific Southwest) GWP
benchmark values by class strength

Specified strength | Normalweight conerete | Lightweight concrete
class (£.") GW Py octimark is L] o ——
at 28 days, psi kg COwelvd® conerete | kg COqel/vd® concrete
2501 to 3000 214 383
3000 to 4000 248 418
4001 to 5000 289 454
S001 to &O00 307 Mot applicable
6001 to 8000 349 Mot applicable

Table A.3.17—Region 6 (Rocky Mountains) GWP
benchmark values by class strength

Specified strength | Normalweight concrete | Lightweight concrete
class Ulr'} Gw—Pﬁfnnﬁmu‘rﬁ' ] GWFMﬂMH
at 28 days, psi kg COweivd® conerete | kg COse/vd® concrete
25010 to 3000 214 370
3001 to 4000 248 407
4001 to 5000 289 424
5001 to 6000 07 Mot applicable
G001 to 8000 3449 Mot applicable
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Table A.3.1g—Region 7 (South Central) GWP
benchmark values by class strength

Specified strength | Normalweight concrete  Lightweight concrete
class mr} EH'FW;, WPy chmark =
at 28 days, psi | kg COwefyd® conerete kg COuefvd? conerete
2501 vo 3000 |33 358
3001 vo 4000 219 391
4001 vo 5000 258 425
SO0T o GO0 273 Not applicable
6001 o KOO0 313 Not applicable

Table A.3.1h—Region 8 (Southeastern) GWP
benchmark values by class strength

Specified strength | Normalweight concrete . Lightweight concrete
class (f.) WP benchmart in GWPyeuchmark is
at 28 days, psi kg COzelvd® concrete kg COye/vd’ concrete
2501 to 3000 205 366
3001 to 4000 237 399
4001 o 5000 276 430
S001 to 6000 2493 Not applicable
6001 to BOOD 333 Not applicable

Fig. RA.3. 1—Regions for benchmark data (Athena Sustainable Materials Institute 2022),

(aci®

American Concrete Institute Copyrighted Material—www.concrete.org

COMMENTARY




LOW-CARBON CONCRETE—CODE REQUIREMENTS AND COMMENTARY (ACI CODE-323-24) 23

APPENDIX B—EXAMPLE CALCULATION AND DOCUMENTATION
Given:
A parking garage in Oregon has been designed with information shown in Table B.1. Assume that the local jurisdiction does
not have established benchmarks and that the ACI CODE-323-24 Appendix A values will be used. All concrete is normal-

weight. The parking garage has a gross floor area of 7800 ft°, giving it a classification of BL2 from Table 5.3.2.
Terminology from ACT CODE-323-24 Section 2.2:

GWPpnchmark e = welghted average benchmark GWP for concrete used on the project, kg COse/yd’
GH P e hmark i = benchmark GWP for class of concrete, i, kg CO.e/yd’
GWP joct ave = weighted average project GWP for the concrete mixtures used on a project, kg COse/vd?
GHPyojec i = project GWP for class of concrete, i, kg COse/vd’
n = number of concrete classes proposed for use on the project
Fol; = volume of concrete for class of conerete, i, yd*
where
Zr GHF ] T :{ FE:.III
GWPf'ﬂJurm:l. = I — {44 I :I'
2ibol,

"GP Vol
GWE,, ot v = _ 2 ETT}h ol (4.4.2)
i=t" OF;

Reporting requirements for ACI CODE-323-24 Section 5.3.2:
(8) (WP prioct ave! CWP pncimark ave)

{b} GIFPPJWJ.-:-:;.'L;:

(€) GWPpenchmark avg

(d) GWPyncimark is GWPpyieer i, and Vol for every class of concrete on the project

Step 1: Calculate project averages

Table B.2 shows the values for GWP by class of concrete and the calculation for the weighted average project GWP. Five
classes of concrete are used on this project (n = 3).

Step 2: Calculate benchmark averages

Table B.3 shows the values for the benchmark GWP by class of concrete and the calculated weighted average benchmark
GWP. Benchmark values are found in Table A.3.1d for Oregon (Region 4, Pacific Northwest).

Step 3: Calculate the ratio of the weighted averages of the project GWP to the benchmark GWP

wapl‘r{jﬂrmg — 25 ]- 5 —
GWE, it e 2987

Note that the BL2 classification does not require a limit on GWP,ic; ave! GWP ik ave: However, this structure would meet
the BL1 requirement of GWE, e o = G WP bencpmark aves Where @ = 0,85

Submittal information
As a BL2 classified structure, the parking garage has the following requirements:

5.3.2 Documentation for building projects shall report the following:

{ﬂ} {Gwp,wqfﬂ'mpg"rﬁ ['FP.‘.re'.rr{'ﬁm::rk mg]

(b} GWPyoject g

{E} GWPh'nrhmarkmg

(d) GWPenchmart i GWPpject is and Fol; for every class of concrete on the project.

5.3.3 Building projects shall document all concrete mixtures used on the project with their corresponding use, specified

compressive strength, exposure categories and any other performance requirements, and a summary of any strategies used to
reduce the GWP of the concrete on the project.

J
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Table B.1—Given information for parking garage design

EPD GWP,
Application Mixture no. 1, psi Volume, yd* kgCOye/vd?
Topping slabs, curbs, SOMDL! A 4000 1199 202.6
Below-grade walls, footings, SOG™! B 5000 569 2477
Elevator pit walls C 5000 23 281.4
Columns, shear walls, vehicle barrier walls ] B000 1366 2477
Elevated decks E 000 3867 268.4
HISOMD: slab on metal deck.
EI8lab-on-ground,
Table B.2—Weighted average project GWP calculations
Column: A B C D E
Application Concrete class = f.', psi Fol;, vd* | GWP, i kg COy/vd? | Total GWP,,..., for class, kg COy, (Column C x D)
Topping slabs, curbs,
SOMD | 4000 1199 2026 242 907
Below-grade walls,
footings, SOG 2 5000 569 2477 140,941
Elevator pit walls 3 000 23 2814 6472
Columns, shear walls, 4 6000 | 1366 247.7 338,358
vehicle barrier walls
Elevated decks b B000 3867 268.4 1,037,902
5 = 7024 ¥ = 1,766,592
L GWE Vol 1,766,592 .
GWP, . vl = = 251.5kg €O, /yd
Table B.3—Weighted average benchmark GWP calculations
Column;: A B C D E
Application Concrete class | £, psi Fad,, ytl-" (F] L S 1 E‘Mﬂ’ Total GWP, . hmaes Tor class, Kg COy (Column C x D)
Topping slabs, curbs,
SOMD 1 4000 1199 242 290,158
Below-grade walls,
footings, SOG 2 S000 569 296 168,424
Elevator pit walls 3 000 23 296 HEOE
Cululmn&. sh:l:ar walls, 4 6000 1166 113 426,192
vehicle barrier walls
Elevated decks 5 000 IR6T 312 1,206,504
¥ =T024 ¥ = 2L098,086
o GWE x Vol 2098086
- I=| Ao i J (- - ." 4
GHIR.HJ,“..J g E::'”F-EI!I Tﬂz-ﬂ- EQST kg E'}E\- ]I'd

J

C
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This information 1s summarized below from the calculations listed previously in this appendix.
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Requirements of 5.3.2:
(a) GWP et ane ' CWP ik e = 0.84
(B) GWP,pjuct ave = 250.8 kgCOselyd’

(€) GWPyopchmark ave = 297.9 kgCOse/yd’

25

(d) As given below:
Concrete class GWPynchmart i» g COzelyd® GWPppgject i kg COyelyd? Vol,, yd*
1 242 202.6 1199
2 296 2477 569
3 296 281.4 23
4 32 2477 1366
3 312 268.4 3867
Requirements of 5.3.3:
Concrete Exposure i.tattgﬂry“' Additional
class Use 1 psi F 5 W C | requirements GWP reduction strategies 1!
1 Topping slabs, curbs, SOMD 4000 3 3 2 2 Mone Alternative requirements I, 11
2 Below-grade walls, footings, SO S000 3 0 2 2 None Alternative requirements I, 11
3 Elevator pit walls 5000 3 0 2 g None Alternative requirements I, 11
4 Colpmns, 3he.ﬂr walls, vechigle G000 3 0 2 2 MNone Alternative requirements 1, 11
barrier walls
3 Elevated decks 6000 3 0 2 2 MNone Alternative requirements 1, 11

MBased on ACT CODE 318-19%22) with corresponding prescriptive durability requirements,
FBased on examples from Obla and Lobe (2023).

General reduction strategies included use of supplementary cementitious materials (SCMs) to reduce portland cement
content, improved aggregate gradation to reduce total binder content, and reduced total cement content by accepting 56-day
strength to meet specification.

Alternative requirements:
I: As an alternative to the maximum w/cm:
I') Maximum charnge passed of 1300 coulombs measured in accordance with ASTM C1202; or
2) Minimum resistivity of 395 Q-ft determined in accordance with ASTM C1876
II: The limits on maximum SCM contents for F3 expose class concrete can be exceeded if the mixture submittal documents

an ASTM C672 visual rating less than or equal to 2.
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