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ABSTRACT.

The American Concrete Institute (ACI) has long recognized the growing importance of account-
ing for environmental sustainability in the design of concrete structures. As the next version of the
ACI 318 Building Code is being developed (ACI 318-25), a new sustainability subcommittee, Subcom-
mittee N, has been formed and tasked with expanding the provisions related to sustainability in the
code. This paper reviews the current provisions in the ACI 318 Code that are related to sustainabil-
ity and explores the possible future expansion of code and commentary language to provide better
guidance on sustainable design. Areas of focus for expansion of code language, including definitions of
sustainability metrics, as well as the defined baseline for comparison, are discussed. While sustainable
design is increasingly being specified in concrete projects, the sustainable properties of concrete are
often interrelated with other aspects of design, including resiliency and intended lifespan. Approaches
to acknowledging the impacts of life cycle considerations on the sustainability of concrete construction
are also explored. Finally, the anticipated timeline for the development of ACI 318 sustainability
provisions is described, as well as potential interactions with other code writing organizing that are
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currently developing sustainability provisions.

KeEyworbDs: ACI 318, code, sustainability.

1. INTRODUCTION

Historically, concrete building codes have focused
mainly on provisions related to strength, serviceabil-
ity, stability, and durability of the structure. How-
ever, as the priorities of policy makers, owners, and
designers have increasingly included environmental
sustainability, the question of the role of the concrete
building code in setting standards related to sustain-
ability has arisen. This paper includes a summary of
how the current ACI 318 building code addresses sus-
tainability, an exploration of the current practices in
the design and specification of sustainable concrete,
and finally a description of the areas of expansion
that are currently being worked on by the new ACI
318-N Sustainability Subcommittee.

2. CONCRETE SUSTAINABILITY AT ACI
AND IN THE ACI BUILDING CODE

As the focus on environmental sustainability of build-
ing materials has increased in recent years, the Amer-
ican Concrete Institute (ACI) has expanded the
committees, standards, and publications related to
concrete sustainability. In particular, ACI Techni-
cal Committee 130 Sustainability of Concrete, has
been actively producing technical publications on ap-
proaches to the design, specification, and perfor-
mance of sustainable concrete. There are also nu-
merous committees studying concrete topics related
to sustainable concrete including supplementary ce-
mentitious materials, alternative cements, and re-
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cycled aggregate. As the practice of incorporating
sustainability into buildings has become more com-
mon, the need to incorporate provisions related to
sustainability within the concrete building code has
increased. Provisions directly referencing sustainabil-
ity were first incorporated in Section 4.9 of the 2014
version of the American Concrete Institute building
code, ACI 318-14 [1]. These provisions, which remain
essentially unchanged in the newly released ACI 318-
19, acknowledge that design professionals are permit-
ted to specify sustainability requirements, but do not
define how sustainability of concrete could be speci-
fied or considered in the design of a concrete structure

[2].

While the code language with direct references to
sustainability remained unchanged in the ACI 318-
19 code, there were several additions and expansions
within that code edition that are associated with ma-
terials that are increasingly being used in projects
targeting sustainability goals. These include new pro-
visions regarding the use of alternative cements and
recycled aggregates.

The current code cycle for ACI 318 is working to-
ward further expanding the concrete sustainability
provisions with the establishment of a new Sustain-
ability Subcommittee, ACI 318-N. This subcommit-
tee is now working toward developing new provisions
related to sustainability within the building code.
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3. HOW SUSTAINABILITY IS BEING
CONSIDERED IN DESIGN

Before addressing how the approach to defining sus-
tainability can be incorporated into a concrete build-
ing code, it is important to understand how the cur-
rent market is regulating environmental sustainabil-
ity in concrete.

3.1. ENVIRONMENTAL SUSTAINABILITY IN
RELATION TO CEMENT CONTENT

Since the cement in concrete contributes the major-
ity of the emissions in the production of concrete,
the majority of environmental sustainable efforts have
been associated with cement reduction. Until re-
cently, most design professionals and owners utilized
either maximum amounts of cement or minimum
amounts of cement replacement with supplementary
cementitious materials to define sustainability. How-
ever, as information related to the environmental im-
pacts of materials has become more readily available,
the ways that the sustainability of concrete is being
defined are changing.

3.2. A NEW FOCUS ON EMBODIED CARBON
AND ENVIRONMENTAL PRODUCT
DECLARATION

Much of the historical focus on the sustainability
of buildings has been on the reduction of the car-
bon utilized for the operations of buildings. Thus,
energy codes have increasingly required better insu-
lated structures and more efficient mechanical sys-
tems. However, as these systems have improved and
the operational carbon footprint of structures has re-
duced, the focus is now increasingly shifting to re-
ductions of embodied carbon in buildings. Embodied
carbon is the global warming potential (GWP) asso-
ciated with the manufacture of a product.

In order to quantify the GWP of a building, design
professionals are increasingly utilizing environmental
product declarations (EPDs) to calculate the impacts
of elements of a building. EPDs are reports, typically
abiding by the requirements of the International Or-
ganization for Standardization (ISO) 21930 for con-
struction products [3], that quantify various environ-
mental impacts of the production of a product. The
declaration of environmental indicators includes en-
vironmental impacts, resource use, energy use, and
waste flows. As shown in Figure 1; GWP, ozone de-
pletion, and freshwater use are amongst the impact
categories that are typically included in the summary
of impacts for a product. Many industries have cre-
ated industry-wide EPDs that reflect the average im-
pacts of a product across an industry, but individ-
ual manufacturers are increasingly creating EPDs for
their specific products.

It should be noted that EPDs typically do not ac-
count for the full life cycle impacts of the use of a
product, as their scope usually only includes the "cra-
dle to gate" portion of the cycle, where the "gate" is

ENTRAL

CONCRETE SUPPLY COMPANY

ENVIRONMENTAL IMPACTS

Declared Product:

Mix 3DAZ75Z2 « South San Francisco (wet) Plant
3INLN.30 W/C 1"EF705-7 SL CO2
Compressive strength: 7000 psi at 28 days

Declared Unit: 1 m3 of concrete
S

Global Warming Potential (kg COx>-eq) 291
Ozone Depletion Potential (kg CFC-11-eq) 1.2E-5
Acidification Potential (kg SO>-eq) 279
Eutrophication Potential (kg N-eq) 0.38
Photochemical Ozone Creation Potential (kg Oz-eq) 62.2
Abiotic Depletion, non-fossil (kg Sb-eq) 6.0E-6
Abiotic Depletion, fossil (MJ) 1,242
Total Waste Disposed (kg) 1.59
Consumption of Freshwater (m3) 0.55

|
Product Components: natural aggregate (ASTM C33), slag

cement (ASTM C989), Portland cement (ASTM C150), fly ash (ASTM
C618), admixture (ASTM C494), batch water (ASTM C1602)

FIGURE 1. Example of the summary of environmental
impacts from an EPD for a concrete mixture [4].

the gate of the manufacturing facility. So while EPDs
can help quantify the impacts of the production of a
product, the impacts from transportation to site, con-
struction, use, deconstruction, and end-of-life are not
included.

This increased availability of information regard-
ing the environmental impacts of concrete is starting
to change the way that design professionals, build-
ing owners, and building officials are requiring and
specifying the sustainability of concrete.

3.3. COLLECTION OF EPDs INTO
SEARCHABLE DATABASES

As the number of EPDs has grown, numerous
databases have been developed to aggregate the in-
formation in one place to better compare products.
One of these online directories, the Embodied Car-
bon in Construction Calculator (EC3) has an exten-
sive and growing collection of EPDs that it utilizes to
calculate the GWP of building projects. As can be
seen in Figure 2, concrete represents by far the largest
number of EPDs collected [5], likely due to the fact
that each concrete mixture at a plant has a separate
EPD and because the concrete industry has rapidly
adopted the use of EPDs.
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FIGURE 2. Graph showing number of EPDs for materials in EC3 carbon calculator software [5].

3.4. LIFE CYCLE ASSESSMENT AND RESILIENCY

In addition to the trend of examining the relative
environmental impacts amongst a group of products
within a certain industry, designers are increasingly
examining the overall impacts of building construc-
tion and use over the entire life of the building. This
process, called life cycle assessment (LCA), is used to
calculate the environmental impacts associated with
all the life states of a product. Often when LCA is
undertaken, the performance of a structure is com-
pared to a baseline structure to calculate the de-
gree to which the building has reduced its impacts.
Many sustainable certification systems for building
construction require that an LCA for a structure be
performed, sometimes with a requirement for reduc-
tions of impacts or performance below a set threshold.

While LCA studies do assign a lifespan to certain
products and adjust the overall impact of those prod-
ucts based on the selected lifespan of the structure,
the resiliency of the structure is not necessarily ac-
counted for with LCA. With concrete structures, one
of the benefits often cited is the resiliency of the struc-
ture in the event of natural disasters, extreme expo-
sures, an extended lifespan, or other conditions. The
question of how those qualities are to be accounted
for is one that should be addressed when examining
the life cycle impacts.

3.5. MANDATING OF SUSTAINABILITY IN
LOCAL BUILDING CODES

With the increased focus on embodied carbon in
building structures, local jurisdictions are beginning
to mandate or consider mandating some characteris-
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tics of concrete related to sustainability. These ordi-
nances and legislation vary in their scope and require-
ments, but many set limits on GWP and/or cement
content. The advent of these laws lends an impor-
tance to ensuring that the concrete building code,
ACT 318, adequately addresses the items that must
be considered when accounting for the sustainability
of concrete structures.

4. ACI 318-N SUSTAINABILITY
SUBCOMMITTEE

To address the increasing trend of defining limits on
the environmental impacts of concrete in the design
of buildings, the ACI 318 Building Code has estab-
lished a new sustainability subcommittee. This new
subcommittee, ACI 318 Subcommittee N, is tasked
with expanding the provisions related to sustainabil-
ity in the concrete building code. The members on
this subcommittee include practicing engineers, re-
searchers, and concrete producers. Many have exten-
sive experience specifying and producing concrete to
meet sustainability goals.

4.1. TIMELINE FOR CODE DEVELOPMENT

The ACI 318-N subcommittee had its first official
meeting at the October 2019 ACI Fall Convention
in Cincinnati, Ohio. The last published edition of
the ACI 318 Building Code was ACI 318-19. It is an-
ticipated that the next version released will be ACI
318-25 and any provisions developed by the 318-N
subcommittee that are approved by the main ACI
318 committee will be included in the next edition.
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4.2. POSSIBLE AREAS OF SUSTAINABILITY
EXPANSION IN ACI 318

While the manner and details surrounding the incor-
poration of sustainable concrete have not yet been
established, the subcommittee is currently consider-
ing creating an appendix with sustainability provi-
sions and commentary that will be part of the code.
Since the inception of the ACI 318-N subcommittee,
a number of task groups have been established to be-
gin the process of writing code provisions related to
sustainability. These task groups include the follow-
ing:

e Scope Section Task Group - This group is address-
ing both the existing sustainability section of the
code and its reference to the proposed sustainabil-
ity appendix.

e Sustainable Design of Structural Concrete Task
Groups - There are two separate task groups as-
sociated with this topic:

> Sustainable Design - This task group is focused
on how the design of structures should account
for concrete when sustainability is an objective.
In particular this group will be looking at ap-
proaches such as life cycle assessment and how
aspects of concrete should be accounted for.

> Resiliency - This task group is examining how re-
siliency of concrete structures relates to the con-
sideration of the sustainability of a structure and
how it should be considered. This group is also
examining resiliency in general and how it is ac-
counted for in the code.

e Concrete Mixture Design Information Task Group
- This group is working to develop provisions that
outline how concrete mixtures can be specified to
require sustainability metrics. The group is cur-
rently examining several approaches and is debat-
ing what methods to include. The interface be-
tween this section and the sustainable design sec-
tion is still under consideration.

e Recycled Aggregate Task Group - This group is
looking at the new provisions in ACI 318-19 re-
lated to the use of crushed hydraulic-cement con-
crete and recycled aggregate. In particular, the
new provisions require testing and quality control
programs for these types of aggregate [2] and the
task group is examining whether additional guid-
ance could be provided in the commentary of this
section regarding those programs. This code sec-
tion falls within the overview of a separate ACI 318
subcommittee, thus any changes to this section will
require coordination across subcommittees.

e Cements and Alternative Cements Task Group -
Chapter 26 of ACI 318-19 contains a list of accept-
able ASTM specified cementitious materials along
with a new section regarding alternative cements
[2]. This task group is examining whether addi-
tional cementitious materials with ASTM specifi-

cations should be added and whether any addi-
tional clarifications are needed for the alternative
cement section. As with the recycled aggregate
topic above, any changes to the provisions related
to cement will need to be coordinated across ACI
318 subcommittees.

Since the ACI 318 code has both code language
and commentary, these groups will be writing pro-
posed sections for both. The commentary will likely
include discussions of what approaches could be taken
to achieve the code standards. As this subcommit-
tee’s work progresses, the relationships between the
work of the different task groups will emerge and
there will be more clarity regarding the form and con-
tent of the proposed provisions.

4.3. INTERACTIONS WITH OTHER
SUSTAINABLE CONCRETE CODE WRITING
ORGANIZATIONS

As the ACI 318-N subcommittee is beginning its work
to expand the code language related to sustainability
in the ACI 318 building code, the subcommittee is re-
viewing the work of other concrete code writing bod-
ies and their approach to the incorporation of sustain-
ability into their codes. In particular, ACI 318-N has
studied the sustainability sections of the fib Model
Code 2010 and sought insight into the active develop-
ments in fib Commission 7: Sustainability (COMYT).
In order to further foster coordinating and informa-
tion sharing, ACI 318-N will have a joint meeting
with COMT at the fib International Conference on
Concrete Sustainability that will occur in Prague in
September 2020.

5. CONCLUSION

This paper has addressed how the current ACI 318
building code addresses sustainability, the changing
landscape of sustainable design and specification, and
the possible areas of expansion within ACI 318. The
efforts related to this expansion are in their infancy,
but with the wide use of ACI 318 the possible impacts
are great. The implementation of sustainable regu-
lations on concrete are growing and will continue to
grow regardless of the incorporation of sustainability
in this building code. However, if efforts are made
to make new provisions pertinent and easily imple-
mentable, the potential to make specifying sustain-
able concrete more consistent and logical are signifi-
cant.
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