Low-Carbon
Concrete Pilot Project:
Type 1L + Slag Mixes for Sidewalk &
Pavement Applications
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.

January 2022 (revision 1)

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 the use of concrete with
both Type 1L cement and slag for sidewalk ramps and
concrete pavement. This pilot project also allowed the City,
in particular, the City’s Water Bureau, to assess any impact
the lower-carbon mixes have on underground utility locate readings.

Project Overview
Unlike the City’s previous low-carbon concrete pilot projects which
compared lower-carbon concrete mixes to 100% cement mixes within
the same project, this pilot project focused on just the performance of
concrete mixes with Type 1L cement. While Type 1L cement is commonly
used in other places in the U.S., the City has traditionally used mixes
with Type I/II cement. However, Type 1L cement has a lower carbon
footprint than Type I/II cement (see the side bar on Type 1L cement for
more info), thus using Type 1L cement is another strategy to reduce the
carbon intensity of concrete mixes. Mixes with both Type 1L cement and
a supplemental cementitious material (SCM), such as slag, can reduce the
carbon intensity of a concrete mix even further. Plus, the addition of slag
reduces permeability and shrinkage. This pilot project utilized Type 1L
+ slag concrete mixes for a street intersection improvement project that
involved both sidewalk ramp and concrete pavement applications. The
following table provides more detail on these mixes:

Type 1L Cement
As per ASTM C595, the term
portland‐limestone cement (Type
IL) refers to a hydraulic cement
in which the limestone content
is more than 5% but less than
or equal to 15% by mass of the
blended cement.
In other words, with Type 1L
cement, up to 15% raw (uncal‐
cined) limestone is ground with
calcined clinker. Type 1L has a
lower global warming potential
(GWP) due to the reduction in
clinker use.

Table 1: Low-Carbon Pilot Test Mixes
Design Strength
(PSI @ 28 days)
3000
4000

% Cement/SCMa

Lbs Cement / yd3b

Lbs Slag / yd3b

70% Type 1L cement/30% slag
70% Type 1L cement/30% slag

329
461

141
197

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

The project site also lent to assessing any impact lower-carbon mixes have on underground utility locate readings, in
this case, a 6-inch diameter ductile iron water pipe located 3 feet below the pavement.
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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, and temperature (ambient and concrete), and collected cylinders that would be
used for compressive strength tests according to ASTM standards. For the sidewalk mix,
compressive strength tests were subsequently conducted at the 7, 14, 28, and 56-day
intervals. For the concrete pavement mix compressive strength tests were subsequently
conducted at the 7, 28, and 56 day intervals. Per City requirements, one set of cylinders for
the concrete pavement was field cured to day 7. To assess workability, the contractor was
asked to report back on whether their crew had any issues working with the Type 1L + slag
mixes for these applications.

Results

The low-carbon mixes met the City’s concrete performance specifications, were well liked by the concrete finishers, did
not affect underground locates, and were significantly less carbon intensive. Although the pricing for the Type 1L mixes
for this project were greater than what the contractor normally pays for comparable mixes, this is more likely due to the
one-off nature of the purchase from a new supplier versus specifying the Type 1L + slag. A more comprehensive review
of cementitious material pricing in the Portland market would need to be conducted to draw any conclusions regarding
the cost impact of using Type 1L mixes versus traditional Type I/II mixes.
Figures 1 and 2 show the compressive strength test results. To understand how the Type 1L + slag mix used for the
sidewalk ramps performs against the more traditional Type I/II cement mixes, Figure 1 includes compressive test results
from the City’s 2020 Low Carbon Concrete Sidewalk Pilot (a 100% Type I/II cement mix and a Type I/II + 30% slag mix,
both 3000 psi design). Note that between the two slag mixes, there is also a difference in the amount of cementitious
material used, with the Type 1L mix designed with about 18% less cementitious material (cement + slag content). The
lower levels of cementitious material in the Type 1L mix lends to the lower overall strength result at day 28, performing
much closer to the specification rather than being significantly overdesigned.

Figure 1
Compressive Strength Results - Sidewalk Mixes

Figure 2
Compressive Strength Results - Pavement Mixes

Total Cementitious Content (lbs/yd3)
(per the mix design)
100% Cement Mix: 564
Type I/II cement/30% slag: 570
Type 1L cement/30% slag: 470

For the concrete pavement (Figure 2), just the compressive strength test results for the Type 1L + 30% slag mix are
shown, since this is the first pavement mix included in the City’s series of pilot tests.
Similar to the results from other pilot projects, a key difference between the City’s traditionally-used 100% cement mixes
and the lower-carbon mixes (in this case, Type 1L + slag) is the low early strength. And, as mentioned above, these Type
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1L mixes were designed with less overal cementitious material,
which lowers the overall strength of the mix to be closer to the
performance specifications.

Figure 3 – GWP of Sidewalk Mixes

Figure 3 compares the global warming potential (GWP) – or carbon
footprint - of the Type 1L + slag sidewalk mix to those of the Type
I/II cement mixes referenced in Figure 1. The Type 1L + slag mix is
50% less carbon intensive than the 100% Type I/ll cement mix and
35% less carbon intensive than the Type I/II + 30% slag mix. This
dramatic reduction can be attributed to the Type 1L cement, the
30% slag, and the overall lower cement content compared to the
other mixes.
Figure 4 compares the GWP of the Type 1L + slag concrete
pavement mix to an average of the GWPs for the 100% Type I/
II cement 4000psi concrete pavement mixes on the City’s preapproved concrete mix design list. The Type 1L + slag concrete
pavement mix is 40% less carbon intensive than the average 100%
Type I/ll cement concrete pavement mixes.

Figure 4 – GWP of Pavement Mixes

The contractor reported back that their crews had no issues
working with the Type 1L + slag mixes for either application.
Also, it is worth noting that this pilot was completed in October/
November 2021, when the weather was fairly cool (ambient
temperatures in the low-mid fifties (°F)).
Post-installation, a Water Bureau utility locator tested the site to
see if there were any noticeable issues getting a locate signal for
the water pipe underneath the Type 1L + slag concrete pavement.
The test verified that there was no difference.

Conclusions

The results of this pilot test indicate that lower-carbon concrete mixes featuring the use of Type 1L cement + slag meet
required performance requirements while significantly reducing the carbon footprint for the application. Additionally, it
demonstrates that these mixes do not interfere with water pipe underground utility locate readings.
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