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01| Introduction and Research Motivations

The emissions of greenhouse gases (GHG) resulting from human activities continue to increase.

Global warming contributions by gas and source, World, 1851 to 2022

The global mean surface temperature change as a result of the cumulative emissions of three gases - carbon

dioxide, methane, and nitrous oxide. \$
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A collage of typical climate and weather-related events: floods, heatwaves, drought, hurricanes, wildfires and loss of glacial ice.
Data source: Jones et al. (2024) OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY

. . N . . (Image credit: NOAA)
Note: This does not include cooling impacts from sulphur dioxide and aerosols, so the net warming can be lower.

Climate change threatens the planet’s well-being and health.

Climate change impacts are seen throughout every aspect of the world we live in.

The projections of a climate change-impacted future are not inevitable.
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The transportation sector is Road transportation 1s the leading source of

responsible for 29% of U.S. GHE CO, emissions in all transportation sectors.
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Source: https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
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Emissions from the road infrastructure including mwaterial production and transportation, road construction,
and maintenance make up 5%—25% of total CO, emissions from transport (L et al.. 2022).

Weldingrods 010 B CO, emissions
Fly ash ON1.4 B Material quantity
Wood 0.1§0.2
Brick 0.110
Sand

Iron

Mineral fines

Steel

Petroleum asphalt

Natural Aggregates -[ Gravel and rubble 74.3

Quick lime

Common Soil Stabilizers -[

Cement 84.5
100 80 60 40 20 0 20 40 60 80 100
Percent of total CO, Percent of total material
emissions (%) quantity (%)

Proportional distribution of materials for the road (Source: Liu et al., 2022).

What are the alternatives to minimize the impacts of
roadway material production?



https://www.sciencedirect.com/science/article/pii/S2095756422000587

01| Introduction and Research Motivations

-

X a 4‘
Recycling and Minimize

reuse of materials extraction of

Q

'_"Q Pavement =

Transport sustainability Material resilience and
optimization using \/ \_/ performance-based
local materials design approaches

The use of slag for soil stabilization has a great potential to contribute to pavement sustainability
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02 | Kr Slag Physical. Chemical and Mineralogical Characteristics

Oxide Content (%)
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02| Soil stabilization with Kr slag

KR slag has chemical and mechanical characteristics that might
be suitable for soil stabilization.

Sustainable material: Minimize natural aggregate extraction
and/or emission of CO, if used in place of Lime or
Portland Cement!

Economic reasons: typical chemical stabilization solutions are
expensive (§ of commercial binding agents);

There is no significant volumetric expansion in KR.

Laboratory Investigation Field Performance Assessment

* Engineering Properties * Trial Sections Design

* Soil-KR mixes (15-25% KR) * APT - HVS simulator
« CBR, CBR Swelling, UCS, RM * Cracking, Rut depth, Surface friction

Pires et al. (2019). J. of Mat. in Civil Eng.
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02 | Soil stabilization with Kr slag: Trial Sections
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02| Soil stabilization with Kr slag: Plasticity Indices
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02| Soil stabilization with Kr slag Maln Stab111zat10n Mechamsms°

Cation Exchange Capactty (CEC)
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The presence of fibrillar or needle-shaped structures at early ages
can be attributed to the formation of C-S-H (calcium silicate
hydrate).

Bastos. Bridi. Teixeira. and Pires. TRB 2024. 29
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SLLAG ADHESION:
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SLLAG VS STEEL
FURNACE SLAG




03 | Blast Furnace Slag Vs Steel Furnace Slag

Boiling Test Visual Observation
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03 | Blast Furnace Slag Vs Steel Furnace Slag: HMA Results
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03| Evaluation of Binder-Slag Adhesion
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03| Evaluation of Binder-Slag Adhesion: AFM
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03| Evaluation of Binder-Slag Adhesion: AFM
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* Interatomic forces start earlier in the BOF-Binder system than in the BF-Binder systems.
* Interatomic forces last longer in the BOF-Binder system than in the BF-Binder systems.
* The work of adhesion 1s higher in the BOF-Binder system.



03| Evaluation of Binder-Slag Adhesion: XRF

Oxides ACBFS (%) LD (%)

Na,O  0.28 0.17

MgO 5.2 5

AlLO; 9.3 4.9
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Moura et al. (2020). Construction and Building Materials



03 | HMA with 25% BF Slag + 2% Additives
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04 | Fracture Resistance Assessement using Numerical Modeling

Does the type of filler (slag vs. HL)

influence the rate of crack tnitiation
and propagation’

What parameters and laboratory tests

are required as zmput to allow the use of
numertical Nonlinear Viscoelastic

Cohesive Zone Model NVCZ?

Model Calibration

Experimental-numerical
calibration procedure

ey

Inputs

==

SCB Test
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— NVCZ Damage Parameters :A;, A, m, o

— LVE Prony Series: E;, p;
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NVCZ Damage Parameters

Load (applied )
0.83 mm/s

Rodrigues et al. (2019). Construction and Building Materials
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04 | Fracture Resistance Assessement using Numerical Modeling
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What comes next?
Nebraska UNL
Research on Slag




05| EAF in Nebraska

Electric arc furnace
(Steelmaking)

Preliminary site
STEEL BARS visit at Norfolk-NE

EAFSLAG I CASTERS N

. Sizes ranging O to 25mm o fine material <0.15mm > Current disposal at
B Availability at Norfolk-NE: . Availability: each ton of EAF ° landfills (no value)
Approx. 100,000 tons/year generates about 10% of caster slag y

In NE, slag is not con51dered a sohd waste. Accordmg to Nebraska Department of Environment and Energy: “008.23 Slag, a product that is a
result of the steel manufacturing process and i1s managed as an item of value in a controlled manner and not as a discarded material.”




05| EAF in Nebraska

* Northeastern Nebraska presents
shale soil (Niobrara). This type of
clay soil has high plasticity and low
bearing capacity.

SOIL PARENT MATERIALS

- SwaLE - SAND AND SILY - ALLUVIUM - LOESS AND DRIFT
- SANDSTONE ‘ SAND - LOESS - LOESS AND ALLUVIUM
L_—J




05| EAF in Nebraska: Research Questions

Currently, there is no specification to apply Electric Arc Furnace (EAF) slag in Nebraska. The NDOT allows the use of
other calcium-rich stabilizers, such as fly ash, lime, or Portland cement. Due to its local availability and expected physical-

chemical properties, EAF slag can be an alternative for soil stabilization in Nebraska. However, NDOT has several questions
that we aim to address:

What are the main recommendations and state-of-practice of EAF slag as a paving material in the US?

What are the physical, chemical, mineralogical, and morphological characteristics of the two locally
(Nebraska Steel Industry) generated EAF slags?

Do the slag characteristics varies much depending on the slag batch sample?
Is the leaching of hazardous heavy metals a concern when using these materials for stabilizing NE clay soils?

What is the optimum combination of slag (EAF and Caster/Ladle slag) with clay soils + other additives that
leads to a stabilized material for pavement application?

What happen when Soil-Slag material is subject to freezing/thawing cycles?
What happen when Soil-Slag material is subject to dynamic (cyclic load)?

What is the environmental impact - conduct Life Cycle Assessment (LCA) to evaluate the environmental
impacts associated with all stages of a product's life?

Other medias:

Use of EAF for asphalt? And at Gopolymer applications?



CONCLUDING
REMARKS




TAKEAWAYS

v The results obtained herein confirms the technical feasibility of using steel slag ageregates.

v' It's important to understand the physical. chemical. and mineralogical characteristics of
each coproduct to ensure the etficiency of its use.

v' KR slag appears to be a promising alternative for soil stabilization (CEC+hydration
products observed).

v Steel (BOF) and blast furnace (BF) slags seem to be alternative ageregates for asphalt
mixtures. Good bonding of BOF with asphalt binder can be attributed to its chemical
composition as well as its thermodynamical properties.

v" The use of adhesion modifiers can make the use of BF viable.

The UNL research team on Infrastructure and Pavement materials is interested in delving into
the studies of alternative materials and obtaining sustainable and resilient pavement solutions.
We are researching other types of slags (EAF, Norfolk-NE), as well as other potential
solutions for infrastructure application (waste plastics, RAP, vegetable oils, RCA, GRT, etc).

31



UNL/COLLEGE OF ENGINEERING: ENGINEERING RESEARCH CENTER
CEE RHEOLOGY AND MATERIAIS 1L.AB




Acknowledgements

* Special contributions from Prof. Patricio Pires and graduate students from Geotechnical Lab at
UFES/PPGEC/Brazil.

3 ™~
: "
ace sell o
————

e
» .‘ 3=
-
i
i -
. B
X =

~
S e
188

I

p\' \‘,

ArcelorMittal

ra =

N
eco101

FAPES

FUNDACAO DE AMPARO A PESQUISA DO ESPIRITO SANTO

@CNPq
,pe""a” NEBRASKA

A DEPT. OF TRANSPORTATION

',.““.-‘: COPPE
Wnatite Alberte Lukt Cotmbrn o U FRJ
PosGraduacdo ¢ Pesquisa ¢ Esgeriaria




Towards Sustainable Pavement
Construction Practice

Thank You!
Any question or
comment?
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