Low-Carbon

Concrete Pilot Project:

Pedestrian Crosswalk Signal Pole Footings
& Adjacent Sidewalk

This case study provides information on one of the City of Portland’s low-carbon concrete pilot
projects within the City’s Bureau of Transportation.
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Background

The City of Portland’s 2016 Sustainable Supply Chain Analysis
identified construction services as the top spend category
contributing to the City’s supply chain greenhouse gas (GHG)
emissions. Within construction services, concrete is one

of the most GHG-intensive materials typically used on City
construction projects. As a result, in 2019, after gathering both
internal and external stakeholder input, the City established

its Low Carbon Concrete Initiative to reduce the overall carbon
intensity of the concrete mixes used on City projects. Part of
the Initiative involves pilot testing different lower-carbon mixes
to gather data on how these mixes perform. This case study
provides information on one of these low-carbon concrete
pilot projects, featuring footings and adjacent sidewalk for
pedestrian crosswalk signal poles. This pilot project also
allowed the City, in particular, the City’s transportation
department (Portland Bureau of Transportation- PBOT), to
assess any impact the lower-carbon mixes have on underground
utility locate readings.

Project Overview ‘
Similar to the City’s first low-carbon concrete pilot project on ¥ W, 2ot

sidewalk ramps, this pilot project brought together various

stakeholders to compare performance of a lower-carbon concrete mix to a 100% cement mix, but this time, for pole
footings. The reason for selecting this type of concrete application for a pilot project had to do both with testing a pole
footing application and assessing any impact the lower-carbon mixes have on underground utility locate readings, in
this case, an underground electrical locate. The project involved two separate pedestrian crosswalk traffic signal pole
installation sites, in close proximity and with sequential pour dates. One site utilized a 100% cement mix, and the other,
a 50% slag mix. The following table provides more detail on these mixes:

Table 1: Low-Carbon Pilot Test Mixes

Design Strength (psi) % Cement/SCM? Lbs Cement / yd3® Lbs Slag / yd3®
3300 100% cement 573 0
3300 50% cement/50% slag 287 286

a-SCM=Supplemental Cementitious Material
b-per the supplier’s Design Mix, actual batch levels may vary slightly

To test performance, during each pour, the City’s technicians from the Bureau of Environmental Services’ Materials
Testing Lab tested the concrete for entrained air, slump, temperature (ambient and concrete) and collected 10
cylinders that would be used for compressive strength tests according to ASTM C39. Compressive strength tests were
subsequently conducted at the 7, 14, 28, and 56-day intervals.

To assess workability, the lead concrete finisher was asked to report back on whether they noticed any differences
between the mixes, and if so, how the differences impact how they perform their work and the overall end result.
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Results

The low-carbon mix met the City’s concrete
performance specifications, was acceptable to the
concrete finishers, did not affect underground locates,
was cost-neutral or less expensive, and was 34% less
carbon intensive than the 100% cement mix. The
main difference between the 100% cement and lower-
carbon mix was the early strength gain, although both
mixes achieved the specified compressive strength

of 3000 psi by day 7 — well ahead of the 28-day
specification.

Figure 2 shows that the slag mix had a considerably
lower GWP than the straight cement mix. By using
less cement and adding slag, the embodied carbon

of the slag mix was 34% lower compared to the
typical 100% cement mix. It’s important to note that
carbon reductions were achieved by reducing cement
contents and not by simply increasing slag contents to
meet a percent slag target.

During finishing, pilot project staff interviewed the
lead concrete finisher who worked on both sites, and
while they noticed a few differences in texture and
the set/flash timeframe, there were no significant
issues with the 50% slag mix and that it was fine to
work with. Also, it is worth noting that this pilot was
completed in early March 2021, when the weather
was still fairly cool (ambient temperatures in the low
fifties (°F)).

Post-installation, a PBOT Signals, Street Lighting (SSL)
Locates crew member tested both sites to see if there
was any noticeable difference between getting a
locate signal for the underground electrical wire under
the 100% cement mix versus the 50% slag mix. The
test verified that there was no difference.

Figure 1 — Compressive Strength Results
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Figure 2 — Global Warming Potentials of Mixes
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Similar to the findings of the City’s 2020 Low-Carbon Concrete Sidewalk Pilot, with compressive strengths over 5000 psi

at day 28, both mixes were over-designed for the application and thus, there exists an opportunity to further reduce the
embodied carbon of these mixes by reducing the overall cement content.

Conclusions

The results of this pilot test for signal pole footings indicate that lower-carbon concrete mixes meet required
performance requirements while significantly reducing the carbon footprint for the application. Additionally, it
demonstrates that high-slag content mixes do not interfere with electrical underground utility locate readings.
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Disclaimer:

This publication was developed by members of the Carbon Leadership Forum Hub in Portland and the
findings presented within are the perspectives of the authors.

Copyright:

This work is licensed under a Creative Commons Attribution 4.0 International License.

Author/contact:

Stacey Foreman (stacey.foreman@portlandoregon.gov)

CLF Info:

The Carbon Leadership Forum accelerates the transformation of the building sector to radically reduce
the embodied carbon in building materials and construction through collective action. We pioneer
research, create resources, foster cross-collaboration, and incubate member-led initiatives to bring
embodied carbon emissions of buildings down to zero. We are architects, engineers, contractors, mate-
rial suppliers, building owners, and policymakers who care about the future and are taking bold steps to
decarbonize the built environment, with a keen focus on eliminating embodied carbon from buildings
and infrastructure. To learn more, and to join the movement to decarbonize building materials and con-
struction, visit https://carbonleadershipforum.org
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