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Concrete and Cement-Based Composites for Sustainable
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Concrete has played a pivotal role in shaping the modern world’s infrastructure and the
built environment. Its unparalleled versatility, durability, and structural integrity have made
it indispensable in the construction industry. From skyscrapers to long-span bridges, water
reservoirs, dams, and highways, the ubiquitous presence of concrete in modern society
underscores its significance in global development. As we stand at the crossroads of
environmental awareness and the imperative to advance our societies, the sustainability of
concrete production and utilization is becoming a new engineering paradigm.

The immense demand for concrete, driven by urbanization and infrastructure
development, has prompted a critical examination of its environmental impact. One 0. the
most pressing concerns is the substantial carbon footprint associated with tradii’onal
concrete production. The production of cement, a key ingredient in concrete; s a notably
energy-intensive process that releases a significant amount of carbon dioxic= (CU?) into
the atmosphere. As concrete remains unparalleled in its ability to provide stru.iural
functionality, disaster resilience, and containment of hazardous ma ='1ai. the demand for
concrete production is increasing, while at the same time, the industr, is.acing the
urgency to mitigate its ecological consequences.

This special publication investigates the multi-faceted ree' m of cuncrete sustainability,
exploring the interplay between its engineering properties, ervironmental implications,
and novel solutions, striving to provide an innovative ana holistic perspective.

In recent years, the concrete industry has witness 2d 7. surge of innovation and research
aimed at revolutionizing its sustainability. An array of cutting-edge technologies and
methodologies has emerged, each offering premise in mitigating the environmental
footprint of concrete. Notably, the integroua: of supplementary cementitious materials,
such as calcined clays and other inZustiia byproducts, has gained traction to reduce
cement content while enhancing ¢ ~:icr2te performance. Mix design optimization, coupled
with advanced admixtures, fusthor eievates the potential for creating durable, strong, and
eco-friendly concrete mixtures

Concrete practitioners il gain an advanced understanding of a wide variety of strategies
that are readily impi. mentable and oftentimes associated with economic savings and
durability enharce.ner.: from reading these manuscripts. The incorporation of recycled
materials, such s crushed concrete and reclaimed aggregates, not only reduces waste
but also lessens th > demand for virgin resources. Furthermore, the adoption of efficient
product'Hn techniques, along with the exploration of carbon capture and utilization
technulog. =s, presents an optimistic path forward for the industry.

Th s special publication aspires to contribute to the ongoing discourse on concrete
su..inability, offering insights, perspectives, and actionable pathways toward a more
=nvi.onmentally conscious future.


https://www.stdhive.com/standards/aci-sp-361-pdf/



https://www.stdhive.com/standards/aci-sp-361-pdf/

TABLE OF CONTENTS

SP-361-1:

Functional Equivalency in the Comparative Life Cycle Assessment of Solid Waste Concrete:
Implication of Mechanical Performance and Durability ......c..cccccveeiinneinnneineeeceeeeeeenes 1-15
Authors: Alireza Haji Hossein, Hessam AzariJafari, and Rahil Khoshnazar

SP-361-2:

Readily Implementable Sustainable Solutions for Pavement Concretes: Agency and

INAUSTIY POISPECTHIVE ..ttt ettt ettt sttt 16-30
Authors: Michelle A. Helsel, Milena Rangelov, Robert Spragg, and Michael Praul

SP-361-3:

The Key Role of Limestone Calcined Clay Cements on the Roadmap towards Eco-Efficier.*

CeMENT ANA CONCIELE ..o ettt ettt b et et et s e b e st esessesessesassassesansessssensesees Dasesen 31-42
Authors: Franco Zunino and Karen L. Scrivener

SP-361-4:

Engineering Properties of Concrete with Extruded Waste Recycled Plastic Agg -ecate

as a Partial Coarse Aggregate RePIaCEMENT......ccciieiieieieeeeeeeeetrieees et bereeeeeessesesseeesesseseans 43-58
Authors: Kimberly Waggle Kramer, Lauren Costello, Katie Loughmiller, ana “iiristopher Jones

SP-361-5:
Harnessing Tannery Sludge for Sustainable Fly Ash Brick®Devlopinent.......ocveceveeiecenieceneienne, 59-70
Authors: PV.Premalatha, L.K.Rex, and P.Shahul Hameea

SP-361-6:
Concrete Testing Case for Closure of Handford’s 241-C underground Storage Tanks........ccceuu... 71-91
Authors: Michelle L. Hendrickson, Christine A.{ angton, and Joan Q. Wu

SP-361-7:
Synthetic Macrofiber: Material Key:to Ekanzing Infrastructure Sustainability ........cccccceeeeccnennnne. 92-108
Authors: Julie K. Buffenbarger, Micha 2l A ivlahoney, and Hessam AzariJaFari


https://www.stdhive.com/standards/aci-sp-361-pdf/



https://www.stdhive.com/standards/aci-sp-361-pdf/

SP-361: Concrete and Cement-Based Composites for Sustainable Built Environments

Functional Equivalency in the Comparative Life Cycle Assessment of Solid Waste
Concrete: Implication of Mechanical Performance and Durability

Alireza Haji Hossein, Hessam AzariJafari, Rahil Khoshnazar

Synopsis: Portland cement concrete has shown great potential for recycling different waste materials. Soli! weste
incorporated concrete (SWC) is considered to have positive environmental advantages. However, the utn’zation of
solid wastes may negatively impact the mechanical performance and durability of concrete. Theref vz, a.v ciange in
the performance metrics of SWC should be accounted for in the comparative life cycle assessment (LC.\). This article
will review the functional equivalency with respect to the mechanical performance and durabi ity metrics for SWC
incorporating four main streams of solid wastes; recycled concrete aggregate, municipal solid<ast. incineration ashes,
scrap tire rubber, and polyethylene terephthalate. It will be shown that while in most cases, *A/C miy have an inferior
compressive strength and/or durability pre-treatment, sorting, and appropriate replacen 2nt 'ute of the solid wastes
may solve the problem and make SWC functionally equal to the conventional conc-a’e. 1. "oreuver, some types of SWC
such as those incorporating scrap tire rubber and polyethylene terephthalate may »= more advantageous if used in
specific applications where dynamic loads are prevalent given their superior in'pact resistance. Finally, the article will
discuss new insights into defining the functional unit based on the performac > 2nd application of SWC to conduct a
reliable LCA.

Keywords: Solid waste concrete, Life cycle assessment (LCA), Recycled concrete aggregate (RCA), Municipal solid
waste incineration (MSWI), Scrap tire rubber (STR), Polyethylene terephthalate (PET)
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