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Executive Summary

Open Compute Project (OCP) Foundation supported a collaborative effort between Google,
META, and Microsoft, for adoption of low embodied GHG emissions concrete (referred to
hereafter as low embodied carbon concrete) for high-risk data center applications. In this
project, four concrete mixes with varying degrees of embodied carbon were used in a Field Pilot
of concrete slab-on-ground construction to assess performance for this application. Full-scale
slabs, utilizing these four concrete mixes, were constructed on Wiss, Janney, Elstner
Associates, Inc.’s (WJE’s) campus in Northbrook, IL. In addition to (WJE), technical support for
this collaborative effort was provided by Concrete Strategies Inc. (CSI - contractor), Ozinga
Bros., Inc. (ready-mix concrete supplier), and Sutter Engineering LLC (consultant). The four
concrete mixes, included as part of this field pilot, are described as follows:

Mix 1 — Control. A straight ASTM C595 Type IL blended cement mix with proportions
commonly used in slab construction for data centers. This mix had a cement content of 517
pounds per cubic yard (Ib/yd3) and a water-to-cementitious material ratio (w/cm) of 0.50.

Mix 2 — 40% SC. Mix 2 used the same w/cm (0.50) as Mix 1, but with a lower total cementitious
material content of 491 Ib/yd3. Further, 40% of the ASTM C595 Type IL cement was replaced
with ASTM C989 slag cement. The estimated embodied carbon was 30% lower than Mix 1.
Mix 3 — C1157 & Type IL. A mix with a total cementitious material content of 605 Ib/yd3
consisting of approximately 80% of the cementitious material content being an Ozinga ASTM
C1157 performance hydraulic cement and approximately 20% being ASTM C595 Type IL
cement. This mix had a design w/cm of 0.35. The estimated embodied carbon was 43% lower
than Mix 1.

Mix 4 — C1157. A mix with an Ozinga ASTM C1157 performance cement with a cementitious
material content of 750 Ib/yd3 and a design w/cm of 0.34. The estimated embodied carbon was
57% lower than Mix 1.

These mixes were thoroughly tested in the laboratory to assess comparative performance,
compliance with the collective Hyperscalers’ specifications, and identify potential challenges

during the construction of the slabs. During the field placement, the mixes were evaluated
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during construction for constructability, pumpability, and finishability and field quality control
testing.

Preconstruction, laboratory testing was conducted to assess the plastic properties (slump, air
content, unit weight, bleed, heat of hydration and setting characteristics) and hardened
properties (compressive strength, flexural strength, drying shrinkage, cracking resistance,
coefficient of thermal expansion (CTE), and bulk resistivity) of each mix. It was found that all
mixes met the typical Hyperscalers’ specified plastic and hardened concrete properties
measured during construction, including plastic air content (maximum of 3.0%), slump (5to 9
inches), and compressive strength (minimum of 4,000 psi at 28 days).

Mix 1 and 2 had fresh concrete properties similar to typical concrete used in slab construction
and would be familiar to a crew experienced in this type of construction. But there were
observations made on the fresh properties of Mix 3 and Mix 4 during the preconstruction
laboratory testing that would be expected to impact construction including the following:

The setting characteristics of Mix 3 were very fast setting, and it was agreed that the quantity of
accelerator should be reduced for the slab construction. On the other hand, Mix 4 showed a
delayed final set and it was anticipated that the final finishing procedures during construction
would be delayed.

With regards to bleeding, Mixes 3 and 4 exhibited little to no bleed water. Bleed water helps
protect concrete at the earliest stages of strength gain, and a lack of it would make these mixes
more susceptible to early-age plastic shrinkage cracking. The appearance and subsequent
disappearance of bleed water is also an indication to a crew that a slab is ready to be finished
and its absence would pose a difficulty to finishers as they contemplate the timing of finishing
operations.

Mix 3 and Mix 4 had lower heat of hydration than Mix 1 and Mix 2. The exothermic (heat
generating) reaction between water and cement can be a problem for construction during hot
weather or for massive placements (i.e. mass concrete) as the increased heat can accelerate
setting, result in high thermal stress, and in extreme cases result in damaging chemical
alterations. Whereas low heat of hydration would be viewed as a benefit for mass concrete

placements such as foundations, it can compromise the rate of strength gain during cooler
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temperatures. For indoor construction such as this project, the differences in heat of hydration
would be expected to have little impact.

Mix 3 and Mix 4 were much more difficult to work with in the laboratory. The observed behavior
is referred to as being thixotropic meaning that the mixtures easily flow when energy is applied
(during mixing or consolidation using vibrators) but stiffen at rest, requiring more energy to
initiate and maintain movement. Even though most all concrete demonstrates some thixotropic
behavior that observed in Mix 3 and Mix 4 was considered extreme. Unfortunately, there is no
concrete test commonly used to measure thixotropy. In addition, these mixes quickly lost
workability after batching. These observations indicated additional efforts would likely be needed
during slab construction to place, consolidate, and finish Mix 3 and Mix 4 compared to Mix 1 and
Mix 2.

In addition to the plastic properties of concrete that have a direct impact on constructability,
there were a few notable differences in the hardened properties of the pre-construction
laboratory concrete that are worth noting including the following:

Mix 3 significantly exceeded the 28-day design strength of 4,000 psi, achieving 8,460 psi
compressive strength at 28 days. The “over design” of Mix 3 could be addressed to reduce the
long-term strength gain, potentially by reducing the total cementitious content, thereby
increasing economy while further reducing the embodied carbon. Mix 4 barely achieved the
28-day design of 4,000 psi, reaching 4,140 psi in 28 days. It was thought that some modification
of Mix 4 may be needed to achieve a higher 28-day strength to account for expected variability
in concrete strength during construction.

The drying shrinkage of all mixes met the collective requirements of the Hyperscalers but Mix 3
and Mix 4 showed a significant reduction in drying shrinkage compared to Mix 1 and Mix 2. The
results of the restrained shrinkage data suggest that the cracking potential is moderate to high
for Mixes 1, 2, and 3, but low for Mix 4. Having a lower measured drying shrinkage and a lower
restrained shrinkage cracking potential in concrete used for slab-on-ground applications has
benefits for the reduction in out-of-joint cracking and potentially for an increase in joint spacing.
The results of the preconstruction laboratory testing were used to inform the construction of the
test site. Typical practices were employed to construct the slab-on-ground project on WJE’s

campus on July 31 and August 1, 2024. Construction included pumping of the concrete
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approximately 100 feet; consolidation with use of internal vibrators; leveling using a vibratory
screed; bull floating; and final floating and troweling using walk-behind and ride-on equipment.
Each of the four slabs was densified to level of a slight shine to the surface and then stopped,
with a burnished finish not being the goal of the final finish. All four mixes were successfully
pumped, placed and finished, and all achieved design strength. Some notable observations
from construction include:

Mix 2 was qualified judged to be the best performing mix and Mix 2 the second best for
pumpability, placeability, and finishability based on feedback from the contractor and
observations performed by WJE.

As expected, based on the pre-construction laboratory testing, difficulties were encountered with
the placement, screeding, and finishing of Mix 3 and Mix 4. It was noted that Mix 3 and Mix 4
lost workability within 15 to 20 minutes after concrete placement, thus creating difficulties in
closing the surface, screeding to a level surface, and in performing final floating and troweling
finishing processes. As anticipated, the final finish of Mix 4 took longer than the other mixes.
The floor flatness testing showed that Mix 1 and Mix 2 met all Hyperscalers’ requirements for
floor flatness, whereas the results for Mix 3 and Mix 4 were slightly less than most of their
requirements. The lower flathess measurements for Mix 3 and Mix 4 were likely associated with
the difficulties encountered during placing and finishing these mixes.

The abrasion resistance testing performed on the surface of all four slabs showed good
performance, with Mix 2, Mix 3, and Mix 4 showing very little depth of abrasion during the
testing. This implies that the lower embodied carbon concrete mixes can achieve a densified
surface and provide abrasion resistance in data center slab applications.

This test site demonstrated the value of conducting a rigorous laboratory testing program prior
to construction that assesses properties of fresh and hardened concrete beyond what are
normally measured. These results informed the construction phase, anticipating difficulties in
advance. All mixes tested could be constructed and largely met project requirements. The two
mixes with the lowest embodied carbon, Mix 3 and Mix 4, were the most difficult to construct.
Although they would be suitable for multiple concrete applications, they would not be able to be

effectively used for traditional slab-on-ground construction without modifications that improve
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workability. Alternatively, modifications to traditional construction practices could be

implemented that would facilitate the use of these materials.
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1. Introduction

The Hyperscalers, Amazon Web Services, Google, Meta, and Microsoft, supported this project
to de-risk the adoption of reduced carbon concrete, i.e., concrete with reduced greenhouse gas
emissions associated with its production compared to a standard benchmark, in future data
center construction. The project focused on the application of reduced carbon concrete in data
center slabs, which is a relatively high-risk application. The engineering consultants Wiss,
Janney, Elstner Associates, Inc. (WJE) and Sutter Engineering, LLC; contractor Concrete
Strategies; and concrete supplier Ozinga collaborated on a small-scale slab-on-ground
construction using a typical data center slab mix (i.e., a control) and three reduced carbon
concrete mixes. The goal was to compare the constructability and performance of these mixes
generally and whether they met the requirements of a collective Hyperscalers specification. The
reduction in estimated embodied carbon of each reduced carbon concrete mix compared to the
control mix is presented in Mix 2 — 40% SC. Mix 2 used the same w/cm (0.50) as Mix 1, but
with a lower total cementitious material content of 491 Ib/yd3. Further, 40% of the ASTM C595
Type IL cement was replaced with ASTM C989 slag cement. The estimated embodied carbon
was 30% lower than Mix 1.

Mix 3 — C1157 & Type IL. A mix with a total cementitious material content of 605 Ib/yd3
consisting of approximately 80% of the cementitious material content being an Ozinga ASTM
C1157 performance hydraulic cement and approximately 20% being ASTM C595 Type IL
cement. This mix had a design w/cm of 0.35. The estimated embodied carbon was 43% lower
than Mix 1.

Mix 4 — C1157. A mix with an Ozinga ASTM C1157 performance cement with a cementitious
material content of 750 Ib/yd3 and a design w/cm of 0.34. The estimated embodied carbon was
57% lower than Mix 1.

Table 1. The detailed mix designs are presented in Table 2. The draft environmental product
declarations (EPD) for these mixes are provided in APPENDIX A. The four concrete mixes

included in this project are identified and summarily described as follows:
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Mix 1 — Control. A straight ASTM C595 Type IL blended cement mix with proportions
commonly used in slab construction for data centers. This mix had a cement content of 517
pounds per cubic yard (Ib/yd3) and a water-to-cementitious material ratio (w/cm) of 0.50.

Mix 2 — 40% SC. Mix 2 used the same w/cm (0.50) as Mix 1, but with a lower total cementitious
material content of 491 Ib/yd3. Further, 40% of the ASTM C595 Type IL cement was replaced
with ASTM C989 slag cement. The estimated embodied carbon was 30% lower than Mix 1.
Mix 3 — C1157 & Type IL. A mix with a total cementitious material content of 605 Ib/yd3
consisting of approximately 80% of the cementitious material content being an Ozinga ASTM
C1157 performance hydraulic cement and approximately 20% being ASTM C595 Type IL
cement. This mix had a design w/cm of 0.35. The estimated embodied carbon was 43% lower
than Mix 1.

Mix 4 — C1157. A mix with an Ozinga ASTM C1157 performance cement with a cementitious
material content of 750 Ib/yd3 and a design w/cm of 0.34. The estimated embodied carbon was
57% lower than Mix 1.

Table 1. Embodied Carbon

Parameter Mix 1 - Control Mix2-40%SC Mix 3 -C1157 Mix 4 - C1157
& Type IL
Embodied Carbon (kg CO, e/yd?) 214 149 121 92
% Reduction from Control - 30% 43% 57%
% Reduction from National Benchmark* 9% 37% 49% 61%
% Reduction from Regional Benchmark? 7% 35% 48% 60%

I National benchmark for a 4,000 psi mix at 28 days is 236 kg CO, e/yd® based on NRMCA Member National and Regional
LCA Benchmark (Industry Average) Report - V3.2, dated December 2021.

2 Regional benchmark for a 4,000 psi mix at 28 days for the Great Lakes Midwest region is 231 kg CO, e/yd’® based on NRMCA
Member National and Regional LCA Benchmark (Industry Average) Report - V3.2, dated December 2021.

Table 2. Concrete Mix Designs’

Constituent Description or Source Units LIRS RixEh b ~(El 5y L2
Control 40% SC & Type IL C1157
Type IL cement St. Gen, MO lbs/yd? 517 295 130 --
Slag cement Holcim, Chicago, IL lbs/yd? -- 196 -- --
C1157 cement Ozinga, Chicago, IL lbs/yd? -- - 475 750
Coarse aggregate (#67) Vulcan Materials lbs/yd? 1401 1443 1435 1324

Company, McCook, IL
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. . . Mix 1 - Mix 2 - Mix 3 - C1157 Mix 4 -
Constituent Description or Source Units Control 40% SC & Type IL C1157
LaFarge/Conco Western
Coarse aggregate (#4) Stone Co, North Aurora, lbs/yd? 469 483 480 443
IL
. Meyer Material Co, 3
Fine aggregate McHenry, IL, lbs/yd 1445 1440 1430 1320
Water n/a lbs/yd? 259 246 212 255
Mid-range water MIRA® 110 fl. oz. 28 28 -- -
reducer
High-range water ADVA® Cast 575 fl. oz. - - 25 8
reducer
Workablllty enhancing ADVA® XT2 fl. oz _ _ _ 20
admixture
Rheology-modifying V-MAR® F100 fl. oz — - = 45
admixture
Accelerating admixture 0Z Set fl. oz. -- -- 166 262
W/CM (notiincl. - - 0.50 0.50 0.35 0.34
admixtures)
W/CM (incl. - - 0.50 0.50 0.37 0.37
admixtures)
Target Air Content = % 1.5 1.5 1.5 1.5

IAggregate quantities presented in SSD condition, A “--” indicates that the material was not used in the mix.

All the mixes were non-air entrained and contained aggregates local to Chicago area where the

slabs were constructed. The mixes did not contain fiber reinforcement and were designed to be

4,000 psi at 28 days. The Hyperscalers collective have similar requirements for slab-on-ground

concrete.

The goal of this field pilot was to understand the performance of these mixes and potential

challenges encountered when using concrete mixtures with reduced embodied carbon. The field

pilot included a rigorous laboratory evaluation program of the mixes, field observations of the

construction of the panels, and field quality control testing. The following report summarizes

these activities.
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2. Compliance with Open Compute Project Tenets

Please describe how this Specification complies to the OCP tenets (subsection headers). Some
general guidance that is common to hardware/software contributions is provided. Given this
document is a whitepaper and not a hardware/software contribution, please make your best
effort to align with the tenets.

A full explanation of the OCP core tenets can be seen here.

2.1. Openness

This document aligns with the Open Compute Projects's (OCP) openness tenet by
demonstrating a collaborative effort to share knowledge and de-risk new technology for
the entire industry. The OCP's openness tenet encourages collaboration and the sharing
of information to allow third parties to build upon and extend contributions. This report, a
joint effort by Amazon Web Services, Google, Meta, and Microsoft, along with other
partners, openly shares the results of a field pilot for low-carbon concrete . The
document details the successes and challenges of using different concrete mixes,
providing the entire industry with valuable data and insights that can be used to
accelerate the adoption of more sustainable building materials. By publishing the
detailed mix designs, test results, and construction observations, the authors are actively
removing barriers to adoption and enabling others to build upon their work, which is the

core of the OCP's openness tenet.

2.2. Efficiency
This document aligns with the Open Compute Project's (OCP) efficiency tenet by

presenting a collaborative study on low-carbon concrete mixes that could lead to more
resource-efficient data center construction. The OCP's efficiency tenet states that a
contribution should be more efficient than prior generations, which can be demonstrated

through reduced operational and capital expenses, or improved performance. This report
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directly addresses this by evaluating concrete mixes with significantly lower embodied
carbon—up to a 57% reduction from the control mix—which contributes to more
sustainable and efficient use of materials. Furthermore, the study identifies opportunities
for optimization, such as refining the "over designed" Mix 3 to reduce material content,
which would increase economy and further reduce embodied carbon, demonstrating a

clear path toward greater efficiency.

2.3. Impact

This document complies with the Open Compute Project's (OCP) Impact tenet by
presenting a collaborative research initiative with the potential to transform data center
construction practices. The OCP's Impact tenet requires contributions to have a
transformative effect on the industry, for example by introducing new technology or
accelerating time-to-market. This project, a joint effort by Amazon Web Services,
Google, Meta, and Microsoft, directly addresses this by de-risking the use of low-carbon
concrete in the high-risk application of data center slabs. By openly sharing the
successes and challenges of using these new materials, the document accelerates the
learning curve for the entire industry, which in turn speeds up the adoption of more
sustainable building practices. This transparent, collaborative approach creates a
meaningful positive impact within the OCP ecosystem by providing the necessary data

and confidence for widespread adoption of this impactful technology.

2.4. Scale

This document complies with the Open Compute Project's (OCP) scale tenet by
providing a comprehensive and transparent blueprint for the widespread adoption of
low-carbon concrete in data center construction. The OCP's scale tenet emphasizes
designing contributions for easy implementation and deployment at any scale. This
report fulfills that by meticulously documenting the entire process, from detailed mix
designs and laboratory evaluations to field placement observations. By including not only

the successful outcomes but also the challenges encountered with certain mixes, the
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document provides invaluable guidance that enables others to replicate and scale these
solutions while avoiding potential pitfalls. For instance, the report notes that while Mixes
3 and 4 offer the most significant carbon reduction, they would require modifications to
either the mix or construction practices for effective use in traditional slab-on-ground
construction. This level of detail removes barriers to entry and provides the necessary
information for the industry to adopt these sustainable practices at scale. The
collaborative nature of the project, involving major hyperscalers, further underscores the

intention for these findings to be scaled across the industry.

2.5.  Sustainability
This document aligns with the Open Compute Project's (OCP) sustainability tenet by

providing a transparent and collaborative framework for adopting low-carbon concrete in
data center construction, directly addressing the tenet's call for the responsible use of
natural resources and the minimization of environmental harm. The report details a field
pilot that evaluates concrete mixes with significantly lower embodied carbon,
demonstrating a potential reduction of up to 57% compared to the control mix, which is a
crucial step toward more sustainable construction practices. By openly sharing the
successes, challenges, and detailed performance data of these mixes, the document
promotes transparency and enables the industry to make informed decisions that can
lead to continuous improvement in the sustainability of data center infrastructure. This
collaborative effort to de-risk and accelerate the adoption of greener materials perfectly

embodies the OCP's commitment to a more sustainable future.
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3. Laboratory Evaluations

The raw materials for each mix were shipped by the concrete supplier, Ozinga, to WJE’s
laboratories in Northbrook, Illinois. Each mix was tested in the laboratory for plastic and
hardened properties to assess performance and to make comparisons between the mixes. The
following describes the raw material characterization and laboratory testing performed on each

mix.

3.1. Raw Materials Characterization

e Absorption and Density. The relative density and absorption of each coarse aggregate
was measured in accordance with ASTM C127, Standard Test Method for Relative
Density (Specific Gravity) and Absorption of Coarse Aggregate, and the relative density
and absorption of the fine aggregate was measured in accordance with ASTM C128,
Standard Test Method for Relative Density (Specific Gravity) and Absorption of Fine
Aggregate. This testing was performed to allow for appropriate moisture content
adjustments during laboratory batching and for the mixture proportions to yield
appropriately.

e Aggregate Gradation. The gradations of each coarse aggregate and the fine aggregate
were determined in general accordance with ASTM C136, Standard Test Method for

sieve Analysis of Fine and Coarse Aggregates.

3.2.  Concrete Physical Testing

Each mix was then batched and tested to characterize plastic properties, workability, setting
characteristics, bleeding potential, strength, drying shrinkage, susceptibility to cracking,
coefficient of thermal expansion, and resistivity. The goal of the testing was to determine if the
proposed concrete mixes were practical for field use prior to placement of the field pilot slabs

and to test the physical properties for comparison of the mixes and comparison to specification
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limits. WJE batched each of the four concrete mixes and evaluated the following concrete

properties (some testing is on-going):

e Plastic Properties.

e Concrete slump, per ASTM C143, Standard Test Method for Slump of Hydraulic-Cement
Concrete. The Hyperscalers’ specifications for slump varies between 5 to 10 inches.

e Air content, per ASTM C231, Standard Test Method for air Content of Freshly Mixed
Concrete by the Pressure Method. The Hyperscalers’ specifications limit the maximum
air content to 3%.

e Unit weight, per ASTM C138, Standard Test Method for Density (Unit Weight), Yield, and
Air Content (Gravimetric) of Concrete.

e Temperature, per ASTM C1064, Standard Test Method for Temperature of Freshly Mixed
Hydraulic-Cement Concrete.

e Setting Time. Setting time was assessed according to ASTM C403, Standard Test Method
for Time of Setting of Concrete Mixtures by Penetration Resistance. Measurement of the
setting characteristics of the mixes were used to assess the impact on timing of construction
schedule and finishing processes. Extended setting times would delay construction schedule
and the finishing processes.

e Heat of Hydration. The total heat of hydration was measured in general according to ASTM
C1702 Standard Test Method for Measurement of Heat of Hydration of Hydraulic
Cementitious Materials Using Isothermal Conduction Calorimetry. The cementitious material
was obtained from each mix by sifting the concrete through a No. 4 sieve. The mortar
passing the sieve was collected and placed in an isothermal calorimeter to measure the total
heat generated by the cementitious material during the first 7-days. The hydration reaction
between cement and water is exothermic, meaning heat is released as the reaction occurs.
Measuring this heat of hydration is important as it provides an indication on the rate and
progression of the reaction, but also because different combinations of cementitious
materials release different amounts of heat. A combination that releases less heat at a

slower rate is ideal for some applications, like mass concrete where heat must be controlled,
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but may be disadvantageous for use during cooler weather as insufficient heat may be
generated to drive the reaction forward resulting in slow strength gain.

e Bleed Potential. The bleed rate and total concrete bleed water was measured according to
ASTM C232, Standard Test Method for Bleeding of Concrete. Understanding the bleed rate
and total bleed potential with the changes in materials between mixes is important from an
early age curing and power finishing standpoint. With less bleed water and lower bleeding
rates, early age curing (preventing moisture loss) becomes more important to prevent plastic
cracking. In addition, judgement of initiation of the finishing process are affected with less
bleed water.

e Compressive Strength. Compressive strength testing was performed at 1, 2, 3, 7, 28, and
56 days of age per ASTM C39, Standard Test Method for Compressive Strength of
Cylindrical Concrete Specimens. Compressive strength testing will also be performed at 90
days.

Specifications for slab construction require a minimum of 4,000 psi at 28 days.

e Flexural Strength. Flexural strength testing was performed at 3, 7, and 28 days of age per
ASTM C78, Standard Test Method for Flexural Strength of Concrete (Using Simple Beam
with Third-Point Loading).

Flexural strength testing in accordance with ASTM C78 was performed to make
comparisons between the mixes and assess if the mix changes followed typical trends for
compressive strength to flexural strength ratios.

e Drying Shrinkage. Drying shrinkage was tested per ASTM C157, Standard Test Method for
Length Change of Hardened Concrete, modified by specifications for a 7-day moist cure in
lieu of 28 days. The initial comparator reading was made at 24 hours after fabrication
consistent with ASTM C157.

Most of the Hyperscalers’ specifications for slabs limit the maximum drying shrinkage to
0.040% at 28 days and 0.032% at 21 days of drying, respectively. One has the requirement
at 0.040% at 28 days of drying after moist curing for 28 days, which is less stringent

compared to the shorter moist curing period employed in this testing program.
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The drying shrinkage potential of the mixes were compared to understand the mix changes
effect on the drying shrinkage and ultimately cracking potential.

e Restrained Shrinkage. Restrained ring shrinkage testing was performed according to
ASTM C1581, Standard Test Method for Determining Age at Cracking and Induced Tensile
Stress Characteristics of Mortar and Concrete under Restrained Shrinkage. The testing was
performed to compare the cracking potential of the mix changes. Limiting the quantity and
width of cracks is important in slabs, and this method was used in assessing these
characteristics.

e Coefficient of Thermal Expansion. The coefficient of thermal expansion (CTE) was
measured at nominal age of 28 and 56 days per AASHTO T 336, Standard Method of Test
for Coefficient of Thermal Expansion of Hydraulic Cement Concrete. The CTE is a measure
of the change in concrete dimension due to changes in temperature. This can affect the
jointing of slabs, and the effect of alternate cementitious materials used in this test program
on the thermal movement of concrete was evaluated with this test.

e Bulk Resistivity. The bulk resistivity of the mixes at 28, 56, and 90 days (saturated in
simulated pore solution (SPS)) was measured per AASHTO T 402, Standard Method of Test
for Electrical Resistivity of a Concrete Cylinder Tested in a Uniaxial Resistance Test. This
test method can provide an indication of the concrete’s resistance to penetration of chloride
ions and other fluids.

e Maturity. Maturity curves and equations were developed for each mix for compressive
strength in general accordance with ASTM C1074, Standard Practice for Estimating
Concrete Strength by the Maturity Method. Maturity curves were developed through
laboratory testing to help estimate the in-situ physical properties of the field slabs based on

actual concrete temperatures of the in-place concrete.

1.1. Raw Materials Characterization Results

The following paragraphs summarize the results of the material characterization portion with the

details of the testing and aggregate gradations presented in APPENDIX B. The relative density
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and absorption values of the aggregates are provided in Table 3. Concrete batches were
appropriately adjusted based on these absorption and specific gravity measurements.

Table 3. Aggregate Characterization Results

Aggregate Source Relative Density (SSD) Absorption (%)

Meyer Material Co,

Fine aggregate McHenry, IL 2.68 0.7
Coarse aggregate (#67) Vulcan hl/\[/?ctggﬁs I(i‘ompany, 2.74 1.6
Coarse aggregate (#4) Leliengs s WS 2.70 1.8

Stone Co, North Aurora, IL

1.2. Concrete Physical Testing Results

Plastic Concrete Testing Results

The results from testing of the concrete in its plastic state for the four mixes are summarized in
this section and the associated test reports are in APPENDIX C.

Plastic Properties

For each of the mixes, the laboratory measured plastic properties (concrete slump, air content,
unit weight and temperature) are shown in Table 4. Multiple batches were made for each mix to
fabricate samples for subsequent physical testing. These batches are denoted by a hyphenated
number to indicate the batch number of a given mix. For example, Mix 1-1 and Mix 1-2,
represent two batches of concrete from the same mix — Mix 1.

Table 4. Plastic properties

Batch ID Slump (in.) Air Content (%) Density (Ib/ft?) Temperature (°F)
ASTM C143 ASTM C231 ASTM C138 ASTM C1064
Mix 1-1 7.50 1.6 149.6 77.3
Mix 1-2 8.00 19 149.1 76.9
Mix 2-1 8.00 1.7 150.3 75.2
Mix 2-2 6.50 1.9 150.3 75.9
Mix 3-1 8.25 2.3 151.5 78.6
Mix 3-2 6.50 2.5 151.2 78.6
Mix 3-3 8.25 2.1 151.6 76.1
Mix 4-1 8.25 2.0 149.6 75.3
Mix 4-2 6.25 2.2 150.0 77.3
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Batch ID Slump (in.) Air Content (%) Density (Ib/ft?) Temperature (°F)
ASTM C143 ASTM C231 ASTM C138 ASTM C1064
Mix 4-3 8.25 2.0 150.7 75.2

Consistent with typical pumpable concrete supplied for slab-on-ground construction, the target
was to have a slump from 5 to 9 inches and a maximum air content of 3%. These metrics were
achieved in the laboratory. Another goal of the laboratory batching was to achieve a cohesive
and finishable mix; this was accomplished in all mixes, assessed subjectively during the
batching, and placement and finishing of subsequent test samples. Mix 2 screeded, finished,
and the surface closed better than the control and was also judged to be more cohesive.
Screeding and closing of the surface of Mixes 3 and 4 were judged to be difficult. It was also
noted that Mix 4 is sensitive to the high-range water-reducer dosage with a noticeable difference
in the rheology of the concrete, which was highly thixotropic.

The thixotropic nature of the concrete mixes with the ASTM C1157 cement (Mixes 3 and 4)
requires external energy to move the concrete once static. Placement and finishing of these
concrete mixes were considerably harder in the lab compared to Mixes 1 and 2, making it
difficult to prepare samples . This behavior is expected to impact placement in the field.

Setting Time

The setting characteristics of each mix were measured in accordance with ASTM C403, with the
results presented in Table 5. The setting characteristics were found to be similar between Mixes
1 and 2. Mix 3 had a faster setting time which was too fast from a constructability standpoint.
Therefore, the quantity of accelerator used in this mix was reduced by 50% for the field
placement. The final setting time of Mix 4 was considerably longer than the other mixes. This
longer setting time will delay the power floating and power troweling operations and affect the
finishing schedule during.

Table 5. Setting times

Mix ID Initial Setting Time (h:mm) Final Setting Time (h:mm)
Mix 1 - Control 3:25 4:30
Mix 2 - 40% SC 3:15 4:55
Mix 3 - C1157 & Type IL 1:50 3:20
Mix 4 - C1157 3:40 9:40
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Heat of Hydration

The total heat of hydration for the four mixes was calculated and presented in Table 6. Heat of
hydration is the heat generated during the chemical reaction between the cementitious materials
and water. Having a lower heat of hydration means less potential to retain heat and can result in
slower strength gain during cooler temperatures.

As anticipated, with the increase in replacement rates of the Type IL cement in Mixes 2, 3, and
4, the total heat of hydration compared to control was lower at early and late ages. Mix 2
generated 14% less heat than the control while Mix 3 and Mix 4 generated 38% and 56% less
heat than control during the first 7 days. Proper early age curing and protection of Mixes 2, 3,

and 4 becomes more important with lower heat of hydration, especially during cold weather

construction.
Table 6. Total Heat Generated (J/g)
Sample ID 24 Hours 48 Hours 72 Hours 168 Hours
Mix 1 - Control 170.4 213.4 239.6 282.2
Mix 2 - 40% SC 124.5 163.7 189.2 242.3
Mix 3 - C1157 & Type IL 89.4 127.1 146.7 176.1
Mix 4 - C1157 77.5 101.0 109.0 123.0
Bleed Water

The bleeding rate and total bleed of each mix was performed in accordance with ASTM C232,
with the results from these tests tabulated in Table 7 and shown in Figure 1.

The bleed characteristics were found to be similar between Mixes 1 and 2. Mix 4 had limited
and delayed bleeding compared to control. No bleeding was observed with Mix 3. Because of
this, early age curing of Mix 3 and Mix 4 becomes more important to prevent moisture loss from
the surface and associated plastic shrinkage cracking.

Table 7. Bleed Test Results

Mix ID Total accumulated Bleed water (%) Time req. for cessation of bleeding (min.)
Mix 1 - Control 2.2 130
Mix 2 - 40% SC 2.7 130
Mix 3 - C1157 & Type IL 0.0 NA
Mix 4 - C1157 0.8 160
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Figure 1. Bleed Test Results.

Hardened Concrete Testing Results

The hardened concrete testing results of the three mixes are summarized in the following
paragraphs and detailed in APPENDIX D.

Compressive Strength

The compressive strength of each mix was tested on three 4x8 inch cylinders at 1, 2, 3, 7, 28,
56, and 90 days, with results presented in Table 8 and plotted in Figure 2.

All mixes achieved the 28-day design strength of 4,000 psi, with Mixes 1 through 3 exceeding
the required 4,000 psi at 7 days. Mix 4 achieved the 4,000 psi at 28 days. The lower 1-day
strengths of Mixes 2 through 4 are expected (a close-up of the strength at early ages is shown
in Figure 3). Based on the 28-day strength of Mix 3, the concrete proportions are overdesigned,
and modifications of this mix would be recommended to lower the 28-day strength. It is noted
that Mix 4 only slightly achieved the 28-day design strength of 4,000 psi with a measured
strength of 4,140 psi and modifications may be needed to increase the 28-day strength for

anticipated variability of concrete strength.
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Table 8. Compressive Strength Testing Results (psi)

Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
1 2,230 1,370 1,270 1,310
2 3,250 2,380 3,240 2,540
3 3,950 3,010 4,800 3,070
7 4,540 4,510 6,600 3,410
28 5,870 5,750 8,100 4,140
56 5,920 6,300 8,600 4,470
90 6,130 6,760 8,460 4,690
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—O— Mix 1 - Control ==A=-Mix 2 -40% SC = ¢ = Mix 3 - C1157 & Type IL ----@::- Mix 4 - C1157

Figure 2. Compressive Strength Results.
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Figure 3. Compressive Strength at Early Ages.

Flexural Strength

The flexural strength of each mix was tested on two 4x4x14 inch prisms per ASTM C78 at 3, 7,
and 28 days of age. The results are presented in Table 9 and plotted in Figure 4.

The flexural strengths measured on all mixes follows similar trends as the compressive strength,

except for Mix 4, which appears to develop flexural strength faster than the compressive

strength.
Table 9. Flexural Strength Testing Results (psi)
Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
3 575 520 670 615
7 710 700 880 660
28 840 870 1,075 780
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Figure 4. Flexural Strength Results.

Drying Shrinkage

The drying shrinkage test was performed on three prisms, measuring 4 x 4 x 11.25 inches, on all
four mixes according to ASTM C157 (modified to a 7-day moist cure) with results presented in
Table 10 and plotted in Figure 5. The moist cure was modified to include 7 days of moisture
curing while still using the 24-hour reading as the initial comparator reading for which all
subsequent readings were compared, consistent with ASTM C157. Shrinkage is important
within restrained structures as it contributes to the development of stress as the concrete dries,

with lower shrinkage potential being desirable.

Table 10. Length Change Measurements (%)

( :ag; ) Drﬁ‘;ﬁ s‘;ge Mix 1 - Control Mix 2 - 40% SC Mix 31',;1%157 & Mix 4 - C1157
1 - 0.000 0.000 0.000 0.000
7 - 0.003 0.003 0.004 0.002
8 1 -0.007 -0.005 -0.001 0.000
10 3 -0.013 -0.010 -0.002 -0.001
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Age Drying Age o] o5 — AT Mix 3 - C1157 & e /1
(days) (days) Mix 1 - Control Mix 2 - 40% SC Type IL Mix 4 - C1157
14 7 -0.019 -0.014 -0.004 -0.005
21 14 -0.028 -0.021 -0.008 -0.007
28 21 -0.033 -0.026 -0.012 -0.009
35 28 -0.036 -0.027 -0.013 -0.008
63 56 -0.046 -0.035 -0.022 -0.017
97 90 -0.050 -0.040 -0.029 -0.025
0.005
-0.005
£ 0.015
o
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c
£ -0.025
o
‘Eo
c -0.035
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-0.045
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Figure 5. Drying Shrinkage Results (Modified C157: 7-day moist cure).

All mixes met the Hyperscalers’ requirements of a maximum drying shrinkage of 0.040% at 28
days of drying and requirements of a maximum of 0.032% at 21 days. Mixes 3 and 4 showed a

significant reduction in measured shrinkage compared to Mix 1, control.

Restrained Shrinkage
Restrained shrinkage ring testing was performed on all mixes per ASTM C1581, and the results

are presented in Table 11.
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This data suggests that the cracking potential is moderate to high for Mixes 1, 2, and 3 and low
for Mix 4. Mix 3 behaved similarly to the control with a slightly higher maximum strain and rate of
stress development. Mix 2 had a greater maximum strain and stress rate compared to control.
Mix 4, however, had lower maximum strain and a considerably lower stress rate.

Table 11. Restrained Shrinkage Results

. Maximum strain Average Stress Rate Age at Cracking Potential for
Mix ID . e " . ino!
(in/inx 10°°) (psi/day) (day) Cracking
Mix 1 - Control -47 30 10 Moderate - High
Mix 2 - 40% SC -60 50 9 Moderate - High
Kk C111LS7 & Type -56 33 10 Moderate - High
Mix 4 - C1157 -27 8 23 Low

Note: 'Potential for cracking per Table X1.1 of ASTM C1581

Coefficient of Thermal Expansion
The coefficient of thermal expansion (CTE) test was performed at the nominal age of 28 and 56
days on two 4x8 inch cylinders from each mix in accordance with AASHTO T336, and the
average of the results is presented in Table 12.
All mixes had typical measured CTE values for the aggregates used. The addition of ASTM
C1157 cement and the higher cementitious materials contents in Mixes 3 and 4 appears to have
increased the CTE of the concrete compared to Mixes 1 and 2.

Table 12. Concrete Coefficient of Thermal Expansion Results (10°%/°F)

Mix ID 28 days 56 days
Mix 1 - Control 5.6 5.4
Mix 2 - 40% SC 5.5 5.7
Mix 3 - C1157 & Type IL 6.0 6.1
Mix 4 - C1157 6.3 6.3

Bulk Resistivity

The bulk resistivity test was performed at 28, 56, and 90 days of age in general accordance with
AASHTO T 402. The results are presented in Table 13. Two 4x8 cylinders were tested for each
mix. After demolding at 24 hours, the cylinders were submerged in simulated pore solution

(SPS). Electrical resistivity of concrete is a method to assess the resistance to flow of electrical
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current which indirectly is a measure of the concrete’s ability to resist the flow of chloride ions.
Applied current flows through the pore network of the concrete. A higher resistance indicates a
disconnected and/or lower porosity. This in turn can mean lower permeability of the concrete. In
order, Mixes 2, 3, and 4 had higher measured resistivity. This is due to the use of slag cement in
Mix 2 and the ASTM C1157 cement and lower w/cm in Mixes 3 and 4.

Table 13. Bulk Resistivity (in Ohm-m)

Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
28 39.5 89.0 197.9 366.6
56 47.8 109.7 2473 364.5
90 49.8 128.4 263.8 379.1
Maturity

The maturity curves were developed in general accordance with ASTM C1074 for all mixes with
respect to compressive strength. Two 4x8 inch cylinders were instrumented with maturity meters
to measure the time and temperature history prior to testing compressive strength at 1, 2, 3, and
7 days of age. Maturity equations and curves for compressive strength are shown in Figure 6.
The gain in physical properties (maturity) of concrete is related to its hydration temperature

history (product of the concrete temperature and age).
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Figure 6. Maturity Plot for Compressive Strength.

2. Field Placement

Slabs were constructed at WJE’s Northbrook, IL, laboratory using Mixes 1, 2, 3, and 4 to assess
the constructability and finishability of these mixes during field placement in the context of
slab-on-ground applications. The slabs were additionally instrumented with various temperature
and maturity sensors to evaluate the usefulness of the different types of instruments for
assessing in situ strength. The work performed and WJE’s observations and findings from the

field placement are summarized in this section.
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2.1. Introduction

Concrete was placed for Mix 3 and 4 on July 31, 2024, and Mix 1 and 2 on August 1, 2024, at
the WJE Northbrook Annex Il. Two ready-mix concrete trucks were provided by Ozinga for each
of the four mixes for a total of 12 cubic yards of concrete per mix. Concrete Strategies removed
the existing concrete slab on ground, prepared the subgrade, installed formwork and
reinforcement, and pumped, placed and finished the concrete. WJE documented the
construction of the interior slab-on-ground for all four mixes as described herein.

Site Description

The site consists of the WJE Northbrook Annex Il, a one-story building located adjacent to the
WJE Headquarters Main Building in Northbrook, lllinois. The previously existing slab-on-ground
located at the interior of Annex Il was sawcut and demolished to expose the subgrade in
preparation for placement of the four new mixes. The demolished area was approximately 45 ft
8 in. in the east-west direction and 37 ft 8 in. in the north-south direction resulting in quadrants
for each slab of approximately 22 ft 10 in. in the east-west direction and 18 ft 10 in. in the
north-south direction.

The site location is shown in detail in APPENDIX E, and a plan view of the area within Annex |
where the existing slab was to be removed and the new slabs constructed is shown in Figure 7.
The removal area was divided into four, 18-foot-10-inch by 22-foot-10-inch quadrants centered
around a support column. Mixes 1, 2, 3, and 4 were each assigned for placement in a quadrant

as shown in Figure 8. Half of the area of each mix was reinforced, as indicated in Figure 9.
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Figure 7. Plan view of the extent of removal of existing slab. The solid blue lines indicate existing
slab joints, while the hatched area, not including the central column isolation base, indicates the
slab removal area. Note 4 indicates to leave the existing central column isolation slab in place. Refer
to Appendix E for other notes.
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Figure 8. Plan view identifying the location where each mix was placed.
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Figure 9. Plan view of replacement slabs identifying areas with reinforcement (yellow-shaded areas)
and use of dowels or deformed bars across joints.

Formwork, Reinforcement and Dowels

The formwork, reinforcement and dowels were in general conformance with the WUE JTC
Annex Il Partial Floor Slab Replacement drawing set developed by WJE shown in APPENDIX

E. The sawcut perimeter at the previously existing slab served as the formwork for the slab

exterior edges and 2x4 wood planks served as interior forms between slabs. The form depth

varied from 6 in. to 8 in. on average. A moisture retarder was placed atop the subgrade. Along

the perimeter joint at the existing slab, 24 in. long No. 5 reinforcing bars were epoxied in place

with 12 in. of embedment at 24 in. on-center. At the formed interior construction joints between

slabs, 74 in. dowel plates were installed with 3 in. of embedment at slab mid-depth at 12 in.

on-center. Half of each of the four slabs was reinforced with No. 4 reinforcing bars at
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approximately 16 in. on-center on average in each direction. The control joints of each slab

(dividing each slab panel into four) were reinforced with preassembled dowel baskets.

Instrumentation

Each slab was instrumented with identical instrumentation consisting of two maturity probes, an
EXACT sensor probe, and two REBEL sensors. These sensors were used to predict the
in-place concrete strength using various methods described later.

Sensors were installed prior to placement of concrete on each slab. Temperature probes (for
match curing and maturity) were fastened to a reinforcing chair such that the nominal height of
all probes was approximately 3 inches, measured from the bottom of each slab. The reinforcing
chairs were fastened to the ground to prevent movement of the chairs during concrete
placement. The REBEL sensors were installed at the base of the slab in accordance with the
manufacturer’s instructions. The typical instrumentation setup for each slab is shown in

Figure 10. All sensors were installed near the slab corners closest to the central column.
Datalogging equipment was stationed at the central column. The concrete placement plan was

such that the sensors would be covered with concrete from the second truck of concrete for mix.
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ki .

Figure 10. Typical instrumentation setup, including two maturity probes (white), one exact chamber
control probe, and two rebel sensors on either side of the temperature probes.

2.2. Concrete Placement

On July 31, 2024, Slab 3 and Slab 4, made with Mix 3 and Mix 4, were constructed at the
northeast and southwest quadrants of the formwork, respectively. On August 1, 2024, Slab 1
and Slab 2, made with Mix 1 and Mix 2, were constructed at the northwest and southeast
quadrants of the formwork, respectively. Two concrete trucks carrying approximately 6 cubic
yards each were provided by Ozinga. The general placement process for each slab consisted of
pumping from the concrete truck to the slab-on-ground formwork followed by raking and use of
internal stingers (vibrators). The surface was leveled with a rectangular 2-by-4 metal float
followed by vibratory screeding. The finishing process consisted of application of an evaporation
retarder (Evapre, by W. R. Meadows, or SpecFilm, by SpecChem) to the concrete surface

followed by bull floating. Each slab underwent a waiting period to facilitate stiffening and
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cessation of bleed water. After sufficient stiffening and cessation of bleeding, each slab
underwent multiple rounds of pan finishing with a ride on power | machine. After completion of
pan finishing, the pans were removed, and each slab underwent multiple rounds of trowel blade
finishing. Following finishing, a densifier was applied to the concrete surface via spray canister.
After a waiting period to facilitate drying of the densifier, a curing compound was applied to the
concrete surface via spray canister. Control joints were sawcut to divide each slab into
quadrants within 24 hours of construction.

Table 14 presents the timing of the finishing procedures relative to Mix 1 (control), Truck 1
batching. For example, “+55” means 55 more minutes elapsed between batching of the
concrete and the activity noted than the elapsed time for the corresponding activity for the
control mix, Mix 1. The following subsections summarize deviations from the general placement
procedure, overall contractor experience, and our observations of each mix.

Table 14. Finishing Sequence for Mixes

Time Elapsed Time Elapsed from Batching Relative to Mix 1 Batching*
Slab Placement from Batching'
Event -
Mix 1 - Control Mix 2 - 40% SC SR B RS Mix 4 - C1157
Type IL
Truck #1 Batched Start n/a n/a n/a
Truck #1 Arrived 45 min +24 min +38 min +11 min
Truck #2 Batched 40 min +4 min -5 min +7 min
Truck #2 Arrived 1 hr, 38 min -3 min +7 min +13 min
Concrete Placement 54 min +32 min +23 min +25 min
Started
Concre_te_Placement 2 hr, 22 min -33 min -5 min -6 min
Finished
Pan Finishing Started 2 hr, 41 min +1 hr, 25 min -9 min +18 min
e 3 hr, 48 min +57 min -23 min +14 min
Complete
Trowel Blade . . . .
Finishing Started 4 hr, 56 min +1 hr, 13 min 0 min +58 min
. Tro_wel sllerdte 5 hr, 8 min +1 hr, 45 min +1 hr;, 35 min +3 hr, 20 min
Finishing Complete
Densifier Application 6 hr, 5 min +1 hr, 37 min +1 hr, 27 min +3 hr, 13 min
Gty Cu g 7 hr, 32 min +1 hr, 51 min +1 hr, 16 min +3 hr, 11 min

Application

Note: All activities are relative to Truck #1 batching
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Slab 1

Slab 1 was placed with Mix 1 - Control. Based on the as-batched quantities, Mix 1, Truck 1
(#1706) and Mix 1, Truck 2 (#1715) had a w/cm of 0.458 and 0.450, respectively. Upon arrival of
Truck 1, Ozinga added 40 oz of HR-A575 superplasticizer and 5 gal of water to the truck. Upon
initial placement of Truck 1, the contractor requested “more water” be added. Ozinga added an
additional 25 oz of HR-A575 superplasticizer and 4 gal of water to Truck 1. During placement,
WJE observed that the mix was very fluid, and there was some segregation of aggregate
(Figure 13). Upon arrival of Truck 2, Ozinga added 55 oz of HR-A575 superplasticizer and 8 gal
of water to the truck. Approximately 1 hour 20 min into the placement of concrete from Truck 2
(approximately 2 hour 20 min after batching of Truck 2), it was observed that the mix was
beginning to get stiff. The contractor noted that the concrete from Truck 2 was more difficult to
place than Truck 1. Mix 1 responded well and quickly to internal vibration and the vibratory
screed (Figure 12). After vibratory screeding, WJE observed popping bubbles at the concrete
surface (Figure 13). The surface of Mix 1 closed moderately well. Mix 1 exhibited a minor
amount of bleed water (Figure 14). Upon completion of power trowel finishing, the majority of
the slab surface excluding edges developed a shine (Figure 15). The contractor did not note any
major challenges during the finishing efforts. Mix 1 was noted to be pumpable, moderately
placeable, and finishable. The contractor ranked this mix as second best of the four mixes in

regard to overall constructability.
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Figure 11. Mix 1, Truck #1 poured into hopper after Ozinga additions.
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Figure 12. Representative photo of Slab 1 placement with Mix 1.
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Figure 13. Slab 1, Mix 1 close-up photograph of concrete surface following vibratory screeding.
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Figure 14. Slab 1, Mix 1 close-up photograph of concrete surface following bull floating and hand
troweling at edges. Note small amount of bleed water.
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Figure 15. Slab 1, Mix 1 after completion of placement and power troweling.

Slab 2

Slab 2 was placed with Mix 2 - 40% SC. Based on the as-batched quantities, Mix 2, Truck 1
(#1226) and Mix 2, Truck 2 (#1207) had a w/cm of 0.446 and 0.448, respectively. Upon arrival of
Truck 1, Ozinga added two 27 oz (total of 54 0z) additions of HR-A575 superplasticizer and 5
gal of water to the truck. Upon placement of the concrete from Truck 1, it was observed that the
mix was easily placeable and movable with rakes, there was no segregation in the mix, and the
mix had a good consistency (Figure 16). Upon vibratory screeding (Figure 17) and bull bloating

(Figure 18), the surface of the mix closed well. Mix 2 exhibited a minor amount of bleed water
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(Figure 18). It appeared that pan finishing efforts started slightly late at the south portion of the
slab and slightly early at the north portion of the slab based on the amount of material moving at
the concrete surface. Upon completion of power trowel finishing, the majority of the slab surface
excluding edges developed a shine (Figure 19). Relative to the control mix, Mix 2 took the
contractor slightly longer to power finish (pans and trowel) and the densifier and curing
compound were applied later; all other placement operations were within approximately +/-30
minutes. The contractor did not note any challenges during the finishing efforts. Mix 2 was noted
to be pumpable, easily placeable, and finishable. The contractor ranked this mix as the best of

the four mixes in regard to overall constructability.

Figure 16. Representative photo of Slab 2 placement with Mix 2.
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Figure 17. Slab 2 Mix 2 close-up photograph of concrete surface following vibratory screeding.
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Figure 18. Slab 2, Mix 2 close-up photograph of concrete surface following bull floating. Note small
amount of bleed water.
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Figure 19. Slab 2, Mix 2 after completion of placement and power finishing.

Slab 3

Slab 3 was placed with Mix 3 - C1157 & Type IL. Based on the as-batched quantities, Mix 3,
Truck 1 (#1226) and Mix 3, Truck 2 (#1317) had a w/cm of 0.311 and 0.310, respectively. Upon
arrival of Truck 1, Ozinga added one 20 oz addition followed by one 40 oz addition (total of 60
oz) of HR-A575 superplasticizer to the truck. Within the first 15 minutes of placement of
concrete from Truck 1, the mix was a fair consistency with some aggregate segregation,
pumpable and placeable (Figure 20). However, after 5 to 10 minutes of not moving the mix, it

was observed that it was difficult to move and screed. Without application of energy to mix to
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keep is in motion, the mix became stiff and lost workability. Upon arrival of Truck 2, Ozinga
added 10 oz of HR-A575 superplasticizer to the truck. The concrete from Truck 2 had poor
consistency with segregation of aggregate and paste (Figure 21). The concrete from Truck 2
exhibited the same behavior as the concrete from Truck 1 in which a high amount of force was
required to keep the mix movabile if it was left untouched for more than 5 to 10 minutes and was
resistant to internal vibration and vibratory screeding.

The mix exhibited little to no bleed water (Figure 22). WJE observed the contractor pour
approximately % of a bucket of evaporation retarder directly to the mix and impart a high
amount of force by impact with shovels, vibration, and vibratory screed to facilitate placement
(Figure 23). To impart additional energy on the mix to create a level surface, the contractor
began pan finishing with a walkable pan finishing unit (Figure 24). A level surface was ultimately
achieved by the contractor with difficulty. Pan finishing with the drivable unit was performed 15
minutes upon completion of placement.

Upon completion of power trowel finishing, most of the slab surface excluding edges developed
a shine (Figure 25). WJE observed plastic shrinkage cracking in the slab surface after
completion of power troweling (Figure 26). Relative to the control mix, the densifier and curing
compound were applied later at Mix 3; all other placement operations were within approximately
+/-30 minutes. The contractor did not note major challenges with the finishability or pumpability
of the mix. However, the contractor noted major challenges with placement and leveling of this
mix stating that vibratory screeding should be performed within 10 minutes of placement. Mix 3
behaves in a thixotropic manner with its viscosity being dependent on the amount of energy
applied to it. The contractor ranked this mix the worst of the four mixes in regard to overall

constructability.
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Figure 20. Representative photo of Slab 3 placement with Mix 3 upon initial pumping and
placement of Truck 1. Note some aggregate segregation.
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Figure 21. Representative photo of Slab 3 placement with Mix 3 upon initial pumping and
placement of Truck 2. Note aggregate and paste segregation.
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Figure 22. Slab 3 placement after Mix 3 became stiff and difficult to move.
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Figure 23. Evaporation retarder application to Mix 3 to facilitate vibratory screeding at Slab 3.
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Figure 24. Slab 3 during placement showing use of pushable pan finisher.
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Figure 25. Slab 3, Mix 3 after completion of placement and power finishing.
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Figure 26. Plastic shrinkage cracking in Slab 3 following completion of power troweling.

Slab 4
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Slab 4 was placed with Mix 4 - C1157. Based on the as-batched quantities, Mix 4, Truck 1
(#2203) and Mix 4, Truck 2 (#1706) had a w/cm of 0.309 and 0.328, respectively. Upon arrival of
Truck 1, Ozinga added 20 oz of HR-A575 superplasticizer to the truck. Upon placement of the
concrete from Truck 1, some segregation of the mix was noted (Figure 27) with the contractor
stating that the aggregate appeared to settle to the bottom. The mix was initially fluid and
flowing. However, after about 15 minutes into placement, without movement to the mix, the mix
became stiff and difficult to move and screed (Figure 28 and Figure 29). It was observed that the
mix became increasingly difficult to work as time passed. No additions were made by Ozinga to
concrete in Truck 2. The consistency of the concrete in Truck 2 was more uniform and better
than that observed for Truck 1. The concrete from Truck 2 exhibited the same behavior as the
concrete from Truck 1 where the mix became difficult to move without application of energy. Mix
4 exhibited thixotropic behavior in which its viscosity was dependent on the amount of energy
applied. The mix was also noted to be sticky and contractor equipment (e.g., boots) were getting
stuck in the mix.

A level surface was ultimately achieved by the contractor with difficulty. Mix 4 did not exhibit any
bleed water, however the surface was shiny and did not easily imprint (Figure 30). Prior to pan
finishing with a ride-on machine, a walk-behind pan finishing unit was utilized (Figure 31). It
appeared that power troweling with trowel blades was performed too early as multiple passes
were not resulting in the development of shine at the slab surface. During hand troweling at the
edges, the contractor noted that the surface was “creaming up” and was able to be troweled to a
satisfactory finish. Upon completion of power trowel finishing, the most of the slab surface
excluding edges developed a shine (Figure 32). Relative to the control mix, Mix 4 took the
contractor longer to trowel finish and therefore the densifier and curing compound were applied
later; all other placement operations were within approximately +/-30 minutes. The contractor

ranked this mix second to worst of the four mixes in regard to overall constructability.
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Figure 27. Representative photo of Slab 4, Mix 4 placement of Truck 1. Note aggregate and paste

segregation.
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Figure 28. Representative photo of Slab 4, Mix 4 after mix became stiff and more difficult to move.
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pump hose from Truck 1 before arrival of Truck 2 became stiff.

Figure 29. Slab 4, Mix 4 exhibiting thixotropic behavior in which the concrete sitting inside the
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Figure 30. Slab 4, Mix 4 close-up photograph of concrete surface following placement, vibratory
screeding, and bull bloating.

Date: July, 2026

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


http://creativecommons.org/licenses/by-sa/4.0/

PAGE 61

3
«
te
1.

i Compute

Yy

~
EAAT

Figure 31. Slab 4, Mix 4 walkable pan finishing at edges.
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Figure 32. Slab 4, Mix 4 after completion of placement and power finishing. Application of densifier
via spray canister commencing in photograph.

2.3.  Field Quality Control Testing

Plastic Properties

Quality control testing was performed on all concrete truck loads. The concrete after being
pumped was sampled with a wheelbarrow. Plastic properties tested for each concrete truck
included slump (ASTM C143), temperature (ASTM C1064), unit weight (ASTM C138), and air
content (ASTM C231).
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The plastic property test results are summarized in Table 15. All the mixes and trucks met the
target air content but some of the slump measurements were higher than targeted, especially

Mix 4 which exhibited segregation during placement.

Table 15. Concrete Plastic Properties

’ Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
roperty
Truck 1* Truck 2 Truck1 Truck2 Truck 1 Truck 2 Truck 1 Truck 2
Tem‘gf;;‘ture 85.1 86.7 86.0 82.9 87.0 88.3 83.1 82.4
Slump (in.) 6.00 8.50 7.50 9.00 8.50 9.75 10.00 11.00
Air Content 2.2 2.6 18 18 1.5 0.5 1.0 1.2
(%)
U“(iltb‘?’fii)ght 152.2 150.7 1518 1516 154.7 155.7 152.1 153.2

Note: *Concrete was sitting for 20 minutes before testing.

Floor Flatness (Ff) and Floor Levelness (Fl)

Floor flatness and floor levelness values were measured for all four slabs in general accordance
with ASTM E1155, Standard Test Method for Determining F; Floor Flatness and F, Floor
Levelness Numbers. Each test section consisted of two runs, running diagonally along the
respective test section. The test results are summarized in Table 16. Levelness measurements
are not included as the existing slab elevations (which were used as formwork for the slab
construction) were not level, so any levelness measurements of the constructed slab are not

appropriate to assess the constructability of these mixes.

Table 16. Floor Flatness and Floor Levelness Statistics

Slab Total Length (feet) | 3%

Mix 1 38 44.60
Mix 2 38 4490
Mix 3 37 33.50
Mix 4 39 34.10

Most Hyperscalers require an overall floor flatness of 35 whereas one requires an overall floor
flatness of 25. Mixes 1 and 2 meet three of their requirements for floor flatness but Mixes 3 and
4 were slightly less than their requirements. All mixes met the remaining Hyperscalers’
requirement for minimum floor flatness. The lower flatness for Mixes 3 and 4 was likely

associated with the difficulties placing and in finishing of these mixes.
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Compressive Strength Testing

The conditioning of the cylinders used for compressive strength testing has a significant impact
on the strength results. To investigate the differences in compressive strength of the concrete
when subject to different curing conditions, cylinders were stored in three distinct conditions

prior to testing:
m Standard curing per ASTM C31 including moist curing: 100% relative humidity and 73.5 + 3.5 °F.
m Field curing: cylinders stored in ambient relative humidity and temperature as the slabs.

m  Match curing: cylinders cured in an environmental chamber at the same temperature as the interior of the

slab from the same mix (temperature monitored with an embedded temperature probe).
All cylinders were prepared at the time of concrete placement, from the second truck of each

mix, in accordance with ASTM C31, Practice for making and Curing Concrete Test Specimens
in the Field, and tested according to ASTM C39, Standard Test Method for Compressive
Strength of Cylindrical Concrete Specimens. Further details for each storage condition and
summaries of the compressive strength results are included in the following subsections. All the
test reports are given in APPENDIX F.

Standard Cured

Standard cured cylinders were stored next to the slab for the first 24+0.5 hours, until demolding,
after which they were moved to a moist room, controlled at a minimum of 95% relative humidity
and a temperature of 73.5 £ 3.5 °F, compliant with ASTM C511, Standard Specification for
Mixing Rooms, Moist Cabinets, Moist Rooms, and Water Storage Tanks Used in the Testing of
Hydraulic Cements and Concretes. Standard cured compressive strength results are presented
in Table 17 and plotted in Figure 33.

Table 17. Standard Cured Cylinder Compressive Strength Testing Results (psi)

Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
1* 3,570 1,750 2,240 2,030
2 4,310 2,830 4,890 3,550
3 4,770 3,520 6,130 4,240
7 5,080 4,930 8,240 5,380
28 6,250 6,570 10,680 7,190
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Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
56 6,700 6,890 11,100 8,190

Note: *At 1 day, the cylinders were tested after demolding at 24 hours and the results are the same as the field cured.
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Figure 33. Standard Cured Cylinder Compressive Strength Results.

Field Cured

Field cured cylinders were stored next to the slab and demolded after 24+0.5 hours, after which
they were continued to be stored in the same location until the time of compressive testing. It is
noted that the standard cured, and field cured conditions were identical up until an age of 24
hours, i.e. the time of demolding. Field cured compressive strength results are presented in
Table 18 and plotted in Figure 34.

Table 18. Field Cured Cylinder Compressive Strength Testing Results (psi)

Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
1 3,570 1,750 2,240 2,030
2 4,510 2,880 4,640 3,590
3 5,090 3,550 5,850 4,170
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Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
7 5,720 4,850 7,540 4,980
28 6,520 5,880 9,410 6,550
56 6,920 6,310 9,350 7,030
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Figure 34. Field Cured Cylinder Compressive Strength Results.

Match Cured

Match cured cylinders were cast at the time of casting, like the standard cured and field cured

cylinders, but were immediately placed into the match cure chambers (EXACT Match). The

match cure chambers maintained an internal cylinder temperature equivalent to the in-place

temperature of the slab, as measured by the temperature probes located within a sample

cylinder in the chamber and a temperature probe in the slab, respectively. The temperature of

each slab as well as each internal cylinder is plotted in Figure 35. Specimens were stored in the

match cure chamber and not demolded till the time of testing. Match cured compressive

strength results are presented in Table 19 and plotted
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Figure 35. EXACT match curing internal cylinder temperatures versus slab temperatures for each
concrete mix.

Table 19. Match Cured Cylinder Compressive Strength Testing Results (psi)

Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
1 3,940 2,160 3,480 2,810
2 4,560 3,210 5,870 4,140
3 4,850 3,740 6,940 4,730
7 5,420 4,990 8,370 5,750
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Figure 36. Match Cured Cylinder Compressive Strength Results.

Methods for Estimation of Concrete Compressive Strength

REBEL

REBEL™ Concrete Strength Sensing System (REBEL) is a sensor from the company
Wavelogix, Inc., reportedly capable of providing real-time, in-place strength data for concrete
without the need to develop maturity curves or test any concrete cylinders. This proprietary
technology was incorporated in this study to evaluate its use in alternative cementitious
materials such as ASTM C1157 cement and to gain confidence in this recent technology.
For each slab, two REBEL sensors were installed per manufacturer recommendations as
described in the instrumentation section above to estimate the in-situ concrete compressive
strength. The results from each sensor were averaged to provide the values presented in
Table 20.

Table 20. REBEL Sensor Compressive Strength Estimation (psi)
Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157

1 2,920 3,640 3,500 3,440
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Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
2 3,330 3,850 4,070 4,020
3 4,160 4,870 4,700 4,630
7 5,500 6,370 6,150 5,950
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Maturity

The temperature time history from the maturity probes installed in the slabs was used along with
the maturity equations developed in the lab to estimate the in-place compressive strengths of
the slab. It is noted that the maturity equation was developed for the mix designs used in the lab
testing and some difference is to be expected due to changes to the concrete mixes placed in
the field. The estimated in-place strengths are conservative.

Table 21. Estimated Compressive Strength from Maturity (psi)

Age (days) Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Type IL Mix 4 - C1157
1 2,850 1,800 2,200 1,840
2 3,590 2,800 3,990 2,510
3 4,010 3,380 4,990 2,900
7 4,890 4,590 7,110 3,730

Comparison of Compressive Strength Test Results
For each concrete mix, the strength data for all three curing conditions are plotted in Figure 37,
Figure 38, Figure 39, and Figure 40.
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Figure 37. Compressive Strength Results from Different Curing Conditions for Mix 1.

Date: July, 2026

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


http://creativecommons.org/licenses/by-sa/4.0/

OPEDN PAGE 71

< Compute
* Project®

12,000
% 10,000
=
=
% 8000
g
1
2 6,000 ;
%)
o -
5 emm = mTTIl---
& 4,000 e mm=m T Tl
s A m TSRt
o — -:’ -
2,000 K==
0
0 1 2 3 4 5 6 -
Age (days)
— # = Mix 2 (Match Cure) Mix 2 (REBEL Sensor)  --A--Mix 2 (Maturity)

Figure 38. Compressive Strength Results from Different Curing Conditions for Mix 2.
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Figure 39. Compressive Strength Results from Different Curing Conditions for Mix 3.
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Figure 40. Compressive Strength Results from Different Curing Conditions for Mix 4.

The ambient conditions inside Annex Il during the first week after the slabs were placed ranged
at about 70 to 80°F and 50 to 80% relative humidity as shown in Figure 41. The warmer
ambient temperature meant the field cured samples were expected to be similar or greater in
strength to the standard cured cylinders. It is likely that if ambient conditions were colder, the

field cured cylinders could have strengths lower than standard cured cylinders.
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Figure 41. Ambient Conditions During and After Concrete Placement.

Match cured cylinders typically had greater strengths than standard and field cured cylinders.
This is expected since large concrete sections retain the heat from their hydration reaction and
typically cure at temperatures higher than the standard cured cylinders when the ambient
conditions are high. Match cured strengths are greater than the standard and field cured
strengths except for Mix 1.

In projects where concrete is placed in cold weather, match cured strengths can be valuable as
it tracks the in-place strength of the concrete as opposed to standard cured (which will be cured
at a higher temperatures) and field cured cylinders (which due to the smaller concrete volume
will not have a similar strength profile as the larger concrete section).

The strength of concrete is severely impacted by the temperature at which it is cured. The use
of match curing allows for accurate estimation of the in-place strength of the concrete. The
estimation of the strengths from the maturity equations typically underestimated the strengths
while the REBEL sensors varied in their ability to estimate the strengths as seen in Figure 42,

Figure 43, Figure 44, and Figure 45. Compared to match cured strengths, for Mixes 1 and 3,
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the REBEL sensors underestimated the strengths. For Mix 2, it overestimated the strengths,
while accurately estimating the strength of Mix 4.
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Figure 42. Estimated Compressive Strength Results Compared with Match Cured Strength for Mix
1.
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Figure 43. Estimated Compressive Strength Results Compared with Match Cured Strength for Mix
2.
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Figure 44. Estimated Compressive Strength Results Compared with Match Cured Strength for Mix
3.
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Figure 45. Estimated Compressive Strength Results Compared with Match Cured Strength for Mix
4.

It is noted that the standard cured strengths for Mixes 1 and 2 were generally similar between
the lab study and the field placement. However, for Mixes 3 and 4, there was a significant
difference in the standard cured strengths. At 28 days, Mix 3 was 2,600 psi and Mix 4 was 3,000

psi higher in the field mix compared to the lab mix.

2.4. Field Abrasion Testing

The abrasion resistance of the finished surfaces of the slabs was tested according to BS EN
13892-4:2002 — Methods of test for screed materials — Part 4: Determination of wear
resistance-BCA when the slabs were 57 days of age. Three tests were performed on each slab,
and locations with a relatively uniform and clean densified layer were targeted for testing. The
testing dates and results are summarized in Table 22 and detailed in APPENDIX G.

Mix 4 exhibited the best abrasion resistance, with no wear observed at any of the three test

locations. This was unexpected because the finish on Mix 4 was inconsistent to the extent that
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not all the test locations had a clean, densified surface. Mixes 2 and 3 both exhibited good
abrasion resistance, with slight wear between 0.01 and 0.02 mm on average. Mix 1, the control,
exhibited the poorest abrasion resistance of the four slabs and the greatest range of test results,
from 0.00 to 0.19 mm of wear. However, Mix 1 still falls under the wear resistance class AR1 per
EN 13813:2002 (E), which is the second best wear resistance class identified by the standard.

Table 22. Summary of Abrasion Resistance Testing per BS EN 13892-4
Mix 1 - Control Mix 2 - 40% SC Mix 3 - C1157 & Mix 4 - C1157

Type IL

Date cast Aug. 1, 2024 Aug. 1, 2024 Jul. 31, 2024 Jul. 31, 2024
Date of BS EN 13892-4 testing Sep. 27,2024 Sep. 27,2024 Sep. 26,2024 Sep. 26,2024
Age at testing 57 days 57 days 57 days 57 days
Mean Depth of Wear (mm):

Test 1 0.00 0.01 0.02 0.00

Test 2 0.03 0.00 0.02 0.00

Test 3 0.19 0.03 0.01 0.00
Test Area Average (mm) 0.073 0.013 0.017 0.000
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3. About Open Compute Foundation

The Open Compute Project (OCP) is a collaborative Community of hyperscale data center
operators, telecom, colocation providers and enterprise IT users, working with the product and
solution vendor ecosystem to develop open innovations deployable from the cloud to the edge. The
OCP Foundation is responsible for fostering and serving the OCP Community to meet the market
and shape the future, taking hyperscale-led innovations to everyone. Meeting the market is
accomplished through addressing challenging market obstacles with open specifications, designs
and emerging market programs that showcase OCP-recognized IT equipment and data center
facility best practices. Shaping the future includes investing in strategic initiatives and programs that
prepare the IT ecosystem for major technology changes, such as Al & ML, optics, advanced cooling
techniques, composable memory and silicon. OCP Community-developed open innovations strive to
benefit all, optimized through the lens of impact, efficiency, scale and sustainability. Learn more at

www.opencompute.org.
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Appendix A. Environmental Product Declarations
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ENVIRONMENTAL PRODUCT DECLARATION

READY MIX CONCRETE PRODUCED BY:OZINGA

FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018
STRENGTH: 4000 psi @ 28 days
MIX NAME: 2686M

DESCRIPTION: 4000 PSI NO AE

IMPACT INDICATOR PER YD3| PER M3

Global Warming Potential kg CO.e 209.03 273.40
Ozone Depletion kg CFC11e 7.27E-06 9.51E-06
Acidification kg SO2e 0.58 0.76
Eutrophication kg NE 0.33 0.44
SFP (Smog) kg O3e 12.72 16.64
Non-renew. energy MJ, NCV 1913.15 2502.31
Declared Product Ready-mixed concrete produced by Ozinga

Date of Issue August 25, 2025

Period of Validity 5 years

Ozinga Bros., Inc.

19001 Old LaGrange Road
EPD Holder Mokena, IL 60448 ozl N GA

www.ozinga.com

ASTM International
Program Operator 100 Bar Harbor Drive ﬂg}g) :gw}yxl‘?{vrim%gﬂbcm
West Conshohocken, PA 19428-2959, US/ utl '
LCA and EPD Devel w,;P auﬁaingbility (éﬁnsulting Wi
an eveloper 1701 Market Street Chattanooga, =va I
TN 37408 “WAP oG
Core PCR 1ISO 21930:2017 Sustainability in Building Construction - Environmental Declaration

of Building Products

NSF International Product Category Rule (PCR) for Concrete Version 2.3 (February
2025), Reviewed by Thomas P. Gloria, Bill Stough, and Michael Overcash.

Independent LCA Reviewer and EPD  Independent verification of the declaration and data, according to ISO 21930:2017
and 1SO 14025:2006 [ Internal @ External

Sub-category PCR

Verifier
Thomas P. Gloria, Ph.D., Industrial Ecology Consultants (t.gloria@industrial-ecology.com)

For Additional Explanatory Material Manufacture Representative: Ryan Cialdella (ryancialdella@ozinga.com) Software
Tool: Theta by WAP Sustainability Consulting V.1.0.

The declared product meets the following product specifications: This EPD was calculated using manufacturer specific cement data that

» ACI 211: Standard Practice for Selecting Proportions for represents 100% of the total cement used in this mix.
Normal, Heavyweight, and Mass Concrete.

* ACI 318: Building Code Requirements for Structural Concrete.
» ASTM C94 Standard Specification for Ready-Mixed Concrete.
+  CS| Masterformat Division 03-30-00: Cast-in-Place Concrete.
*  UNSPSC Code 30111500: Ready Mix

Disclaimer:

EPDS are comparable only if they comply with this document, use
the same sub-category PCR where applicable, include all relevant
information modules and are based on equivalent scenarios with
respect to the context of construction works.
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METHODOLOGICAL FRAMEWORK

DECLARED UNIT

The declared unit is 1 cubic meter (1 cubic yard) of ready mixed concrete product. The defined concrete mix is
intended for commercial applications developed and produced by Ozinga. Key product variables include:

* Compressive strength - Compressive strengths are represented in the mix design and includes the number of days
after pouring as apart of the reference value: e.g. 3,000 psi @ 28 days; 4,000 psi @ 56 days; 6,000 psi @ 90 days; etc.

+ \Water to cementitious materials ratio (w/cm) — Varies but generally lower for a higher strength non-air entrained mix
design
(above 5,000 psi (34.5 MPa)) in accordance with ACI 211.1 recommendations

* SCM use — various mix designs call for Portland cement displacement by incorporating fly ash (FA) and/or slag cement
(SL)

*  Admixtures use — Admixtures use was specified for the mix design that was modeled. Admixtures include air-
{ejntracilning admixture, water reducing and accelerating admixtures, high range water reducer admixtures, and carbon
ioxide.

* No hazardous substances are present in the declared product.

* The ready mixed concrete products represented in this EPD are comprised of :

Crushed Coarse Aggregate (ASTM C33), Natural Fine Aggregate (ASTM C33), Portland Limestone Cement (ASTM C595), BatchW
ater (ASTM C1602), Water Reducer (ASTM C494)

SCOPE OF LCA

A summary of life cycle stages included in the EPD is identified in Figure 1 as follows:

* A1: Raw Material Supply (upstream processes): Extraction, handling, and processing of the raw materials used in
the production of concrete, cement, supplementary cementitious materials, aggregate (coarse and fine), water,
admixtures, and other materials or chemicals used in concrete mixtures.

* A2 Transportation: Transportation of these materials from the supplier to the ‘gate’ of the concrete
producer.

* A3 Manufacturing (core processes): The energy used to store, batch, mix and distribute the concrete
and operate the facility (concrete plant).

A summary of activities excluded from the EPD is as follows:

* Production, manufacture, and construction of manufacturing capital goods and
infrastructure.

* Production and manufacture of production equipment, delivery vehicles, and laboratory
equipment.

* Personnel-related activities (travel, furniture,and office supplies)
* Energy and water use related to company management andsales activities.

CONTINUED ON NEXT PAGE
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METHODOLOGICAL FRAMEWORK CONTINUED

CUT-OFF RULES

The cut-off criteria for all activity stage flows considered within the system boundary conform with ISO 21930: 2017 Section
7.1.8. Specifically, the cut-off criteria were applied as follows:
+  Allinputs and outputs for which data are available are included in the calculated effects and no collected core

process data
are excluded.

* A one percent cut-off is considered for renewable and non-renewable primary energy consumption and the total
mass of inputs within a unit process. The sum of the total neglected flows does not exceed 5% of all energy
consumption and mass of inputs.

+ Allflows known to contribute a significant impact or to uncertainty (e.g., portland cement and admixtures) are
included.

+ The cut-off rules are not applied to hazardous and toxic material flows — all of which are included in the life cycle
inventory.

* Proxy data was used for admixtures used by Ozinga that did not align with any of the admixture categories

publishedhithe European Federation of Concrete Admixtures Associations (EFCA) EPDs. In those cases, the
Water Reducing Admixture data was selected as a conservative assumption as per the NCF PCR Appendix A.

ALLOCATION

The allocation of co-products or secondary flows cross the system boundary conforms with the 1SO 21930: 2017 Section 7.2.4.
allocation criteria were applied as follows:

+ Allocation was not applied to any of the gate-to-gate production facilities.
* For Secondary Data sources, the NSF PCR default allocation selection (i.e.“Cut-off” or “Alloc Rec”) was applied.

+ The product category rules for this EPD recognize fly ash, silica fume and slag as recovered materials and thus
the environmental impacts allocated to these materials are limited to the treatment and transportation required to
use as a concrete material input.

+ A portion (30%) of the reported fleet energy use for truck mixing plants was allocated to the mixing facility.

BUILDING LIFE CYCLE INFORMATION MODULES (X: Included in LCA; MND: Module Not Declared)

Production State CU";E;H?“” Use Stage End-Of-Life Stage

°% ] 2 a

e 2 ° 3 H z = = § & v @ 8

5 § = § T s ® 2 - 2 £ E 2 g g g 5 EX ] 5 =
838 22 8 2sg 8 @ 2 g 8 5 22 28 £ & =288 ¢ 5
£58 £3 £ ¢£3 3 ° ¢ & s = §B® §3 £ 3 g g ¢ 3
-9 T 0 £ il [ w [3 2 ] 23 8 & § o = &
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DATA SOURCES

This EPD is based on foreground LCI data collected from the participating company’s production facilities for the calendar year
2023. All upstream material, resource and energy carrier inputs have been sourced from various industry-average datasets and
literature. Many of these data sets are defaulted to those specified for use in the NSF PCR 2021. The following Table describes
each LCI data source and includes the data quality assessment.

MATERIALS

Portland Cement and
Limestone Cement, ASTM
€595, AASHTO M 240, or
CSA A3001

Slag Cement, ASTM C989

Fly Ash, ASTM C618

Silica Fume, ASTM C1240

Crushed Aggregates, coarse
and fine, ASTM C33

Natural Aggregates,
coarse and fine,
ASTM C33

Manufactured Lightweight
Aggregates, ASTM C330
Gypsum

Admixtures and Carbon
Dioxide, ASTM C494

Batch and Wash Water,
ASTM C1602

Road Transport

Rail Transport

Ocean Transport

Electricity

Diesel

Gasoline

Liquefied Propane Gas

Hazardous Solid Waste

Non-Hazardous Solid Waste

Date: July, 2026

LCI DATA SOURCE

Holcim - Ste. Genevieve Blended Type | 2021
L

Slag Cement Association EPD of North
America Slag Cement (2021)

None, no incoming burden, only inbound
transport is considered”

None, na incoming burden, only

inbound transport is considered”

ecoinvent 3.4: “Gravel, crushed {RoW)l
production | Cut-off, U” (2018), modified with US
average electricity

ecoinvent 3.4: "Gravel, round {RoW} gravel

and sand quarry operation | Cut-ofi, 2001
U” (2018), modified with US average

alartricity

ecoinvent 3.4: Expanded clay {RoW} production |
Cut-off, U (2018), modified with US average
electricity

ecoinvent 3.5: Gypsum, mineral {RoW} 2021
gypsum quarry operation | Alloc Rec. U

N/A
N/A

2001

GCP Applied Technologies LCA for Goncrete

Admixtures 2021
ecoinvent 3.5: Carbon dioxide liquid {RoW}

production | Cut-off U

ecoinvent 3.4: Tap water {RoW} market for |

Cut-off, U (2018). modified with US average 2011
electricity
USLCI 2014: Transport, combination truck, 2010

short-haul, diesel powered/tkm/BNA (2014)

USLCI 2014: Transport, train, diesel powered /

US U (2014) 2007
USLCI 2014: Transport, ocean freighter, 2007
average fuel mix/US U (2014)

ecoinvent 3.4: Electricity, low voltage {XX}/ 2015
market for | Cut-off, U (2018)

USLCI 2014: Diesel, combusted in industrial 2007
bailer / US U (2014)

USLCI 2014: Gasoline, combusted in 2007
equipment /US U (2014)

USLCI 2014: Liguefied petroleum gas, 2007
combusted in industrial boiler /US U (2014)

ecoinvent 3.4: Hazardous waste, for

incineration {RoW} treatment of hazardous 2011

waste, hazardous waste incineration | Alloc,
Rec, U (2018), modified with US electricity

ecoinvent 3.4: Inert waste {RoW} treatment of,
sanitary landfill | Alloc Rec, U {2018), modified 2011
with US average electricity
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YEAR GEOGRAPHY

North America

North America

N/A

NrA

World/US

World/US

World/US

Waorld/Us

North America

World/US

North America

MNorth America

North America

North America

North America

North America

North America

World/US

World/US

DATA QUALITY

Technology: very good, Time: very good,
Geography: very good, Completeness: very
good, Reliability: very good

Technology: very good, Time: very
good, Geography: very good,
Complet?lness: wvery good, Reliability:

N/A

N/A

Technology: very good, Time: poor,
Geography: good, Completeness: very good,
Reliability: very good

Technology: very good, Time: poor,
Geography: good, Completeness: very
good, Reliability: very good

Technology: good, Time: poor, Geography:
good, Completeness: very good, Reliability:
very good

Technology: good, Time: poor, Geography:
good, Completeness: very good, Reliability:
very good

Technology: very good, Time: very good,
Geography: fair, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,
Geography: good, Completeness: very good,
Reliabilitv: verv aood

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: very good,
Geography: very good, Completeness: very
good, Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,

Geography: good, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,
Geography: good, Completeness: very good,
Reliability: very good
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READY MIX CONCRETE PRODUCED BY:0OZINGA
FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018

STRENGTH:  4poo psi @ 28 days
MIX NAME: 2686M

DESCRIPTION: 4000 PSI NO AE

Declared Unit:1 cubic meter of ready mix concrete

CORE MANDATORY IMPACT INDICATOR TOTAL A1 A2 A3
Global warming potential GWP kg C02e 273.40 231.89 22.01 19.50
Depletion potential of the stratospheric ozone layer ODP kg CFC11e  9.51E-06 8.48E-06 9.15E-10 1.03E-06
Acidification potential of soil and water sources AP kg SO2e 0.76 0.35 0.29 0.12
Eutrophication potential EP kg Ne 0.44 0.33 0.02 0.09
Formation potential of tropospheric ozone SFP kg 03e 16.64 7.70 7.48 1.46
Abiotic depletion potential for fossil resources ADPf MJ, NCV 1695.85 1130.54 310.64 254.67
Abiotic depletion potential for non-fossil mineral resources ADPe kg Sbe 1.16E-04 1.07E-04 0.00 8.95E-06
Fossil fuel depletion FFD MJ Surplus ~ 82.24 6.76 45.95 29.54
USE OF PRIMARY RESOURCES

Renewable primary energy carrier used as energy RPRE MJ, NCV 2847 24.32 0.00 414
Renewable primary energy carrier used as material RPRM  MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable primary energy carrier used as energy NRPRE MJ, NCV 2502.31 1839.63 329.30 333.38
Non-renewable primary energy carrier used as material NRPRM MJ, NCV 0.00 0.00 0.00 0.00
Secondary material SM kg 0.00 0.00 0.00 0.00
Renewable secondary fuel RSF MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable secondary fuel NRSF  MJ, NCV 15.95 156.95 0.00 0.00
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00
Consumption of freshwater resources W m3 1.80 1.40 0.00 0.40
Calcination and carbonation emissions CCE kg CO2e 14017 14017 0.00 0.00
INDICATORS DESCRIBING WASTE

Hazardous waste disposed HWD kg 1.64E-05 1.64E-05 0.00 0.00
Non-hazardous waste disposed NHWD kg 0.33 0.33 0.00 0.00
High-level radioactive waste, conditioned, to final repository HLRW m3 1.22E-03 1.22E-03 0.00 2.87E-08
Intermediate- and low-level radioactive waste, to final repository  |LLRW m3 2.99E-06 2.72E-06 0.00 2.64E-07
Components for re-use CRU kg 0.00 0.00 0.00 0.00
Materials for recycling MR kg 0.00 0.00 0.00 0.00
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00
Recovered energy exported from the product system EE MJ, NCV 0.00 0.00 0.00 0.00
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READY MIX CONCRETE PRODUCED BY:0ZINGA

FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018
STRENGTH: 4000 psi @ 28 days
MIX NAME: 2686M3

DESCRIPTION: 4000 PSI

IMPACT INDICATOR PER YD3| PER M3

Global Warming Potential kg CO.e 144.21 188.61
Ozone Depletion kg CFC11e 5.83E-06 7.63E-06
Acidification kg SO2e 0.49 0.64
Eutrophication kg NE 0.29 0.37
SFP (Smoag) kg O3e 10.14 13.26
Non-renew. energy MJ, NCV 1496.75 1957.68
Declared Product Ready-mixed concrete produced by Ozinga

Date of Issue August 25, 2025

Period of Validity 5 years

Ozinga Bros., Inc.

19001 Old LaGrange Road .
EPD Holder Makena, IL 60448 OZI N GA

www.ozinga.com

ASTM International
Program Operator 100 Bar Harbor Drive Ag:[»& ﬁmrﬁmma':ﬂbcm
West Conshohocken, PA 19428-2959, US/ il '
LCA and EPD Developer \1,\'?"‘?)': E‘Iuiliaitn g.'t)"it’; Eﬁn;u fing ‘:“'I‘z‘;
* TR 3pige e chatanecga ZWAP: S
Core PCR 1ISO 21930:2017 Sustainability in Building Construction - Environmental Declaration

of Building Products

NSF International Product Category Rule (PCR) for Concrete Version 2.3 (February
2025), Reviewed by Thomas P. Gloria, Bill Stough, and Michael Overcash.

Independent LCA Reviewer and EPD  Independent verification of the declaration and data, according to ISO 21930:2017
and I1SO 14025:2006 [ Internal ® External

Sub-category PCR

Verifier
Thomas P. Gloria, Ph.D., Industrial Ecology Consultants (t gloria@industrial-ecology.com)

For Additional Explanatory Material Manufacture Representative: Ryan Cialdella (ryancialdella@ozinga.com) Software
Tool: Theta by WAP Sustainability Consulting V.1.0.

The declared product meets the following product specifications: This EPD was calculated using manufacturer specific cement data that

» ACI 211: Standard Practice for Selecting Proportions for represents 100% of the total cement used in this mix.

Normal, Heavyweight, and Mass Concrete.

+ ACI 318: Building Code Requirements for Structural Concrete.
* ASTM C94 Standard Specification for Ready-Mixed Concrete.
+ CS| Masterformat Division 03-30-00: Cast-in-Place Concrete.
+ UNSPSC Code 30111500: Ready Mix

Disclaimer:

EPDS are comparable only if they comply with this document, use
the same sub-category PCR where applicable, include all relevant
information modules and are based on equivalent scenarios with
respect to the context of construction works.
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METHODOLOGICAL FRAMEWORK

DECLARED UNIT

The declared unit is 1 cubic meter (1 cubic yard) of ready mixed concrete product. The defined concrete mix is
intended for commercial applications developed and produced by Ozinga. Key product variables include:

* Compressive strength - Compressive strengths are represented in the mix design and includes the number of days
after pouring as apart of the reference value: e.g. 3,000 psi @ 28 days; 4,000 psi @ 56 days; 6,000 psi @ 90 days; etc.

* Water to cementitious materials ratio (w/cm) — Varies but generally lower for a higher strength non-air entrained mix
design
(above 5,000 psi (34.5 MPa)) in accordance with ACI 211.1 recommendations

* SCM use — various mix designs call for Portland cement displacement by incorporating fly ash (FA) and/or slag cement
(sL)

* Admixtures use — Admixtures use was specified for the mix design that was modeled. Admixtures include air-
gntrz_aciining admixture, water reducing and accelerating admixtures, high range water reducer admixtures, and carbon
Ioxide,

* No hazardous substances are present in the declared product.

* The ready mixed concrete products represented in this EPD are comprised of :

Crushed Coarse Aggregate (ASTM C33), Natural Fine Aggregate (ASTM C33), Portland Limestone Cement (ASTM C595), BatchW
ater (ASTM C1602), Slag Cement (ASTM C989), Carbon Dioxide (ASTM C484), Water Reducer (ASTM C494)

SCOPE OF LCA

A summary of life cycle stages included in the EPD is identified in Figure 1 as follows:

* A1l: Raw Material Supply (upstream processes): Extraction, handling, and processing of the raw materials used in
the production of concrete, cement, supplementary cementitious materials, aggregate (coarse and fine), water,
admixtures, and other materials or chemicals used in concrete mixtures.

+ A2: Transportation: Transportation of these materials from the supplier to the ‘gate’ of the concrete
producer.

* A3: Manufacturing (core processes): The energy used to store, batch, mix and distribute the concrete
and operate the facility (concrete plant).

A summary of activities excluded from the EPD is as follows:

* Production, manufacture, and construction of manufacturing capital goods and
infrastructure.

* Production and manufacture of production equipment, delivery vehicles, and laboratory
equipment.

+ Personnel-related activities (travel, furniture, and office supplies)
* Energy and water use related to company management andsales activities.

CONTINUED ON NEXT FAGE
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METHODOLOGICAL FRAMEWORK CONTINUED

CUT-OFF RULES

The cut-off criteria for all activity stage flows considered within the system boundary conform with ISO 21930: 2017 Section
7.1.8. Specifically, the cut-off criteria were applied as follows:
* Allinputs and outputs for which data are available are included in the calculated effects and no collected core

process data
are excluded.

* A one percent cut-off is considered for renewable and non-renewable primary energy consumption and the total
mass of inputs within a unit process. The sum of the total neglected flows does not exceed 5% of all energy
consumption and mass of inputs.

* Allflows known to contribute a significant impact or to uncertainty (e.g., portland cement and admixtures) are
included.

* The cut-off rules are not applied to hazardous and toxic material flows — all of which are included in the life cycle
inventory.

* Proxy data was used for admixtures used by Ozinga that did not align with any of the admixture categories

publishedhithe European Federation of Concrete Admixtures Associations (EFCA) EPDs. In those cases, the
Water Reducing Admixture data was selected as a conservative assumption as per the NCF PCR Appendix A.

ALLOCATION

The allocation of co-products or secondary flows cross the system boundary conforms with the ISO 21930: 2017 Section 7.2.4.
allocation criteria were applied as follows:

* Allocation was not applied to any of the gate-to-gate production facilities.
¢ For Secondary Data sources, the NSF PCR default allocation selection (i.e. “Cut-off” or “Alloc Rec”) was applied.

* The product category rules for this EPD recognize fly ash, silica fume and slag as recovered materials and thus
the environmental impacts allocated to these materials are limited to the treatment and transportation required to
use as a concrete material input.

* A portion (30%) of the reported fleet energy use for truck mixing plants was allocated to the mixing facility.

BUILDING LIFE CYCLE INFORMATION MODULES (X: Included in LCA; MND: Module Not Declared)

Production State Conélt'algceﬂm Use Stage End-Of-Life Stage
25 o 2
e 4 e @ = z = = § Bu K] 3
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DATA SOURCES

This EPD is based on foreground LCI data collected from the participating company’s production facilities for the calendar year
2023. All upstream material, resource and energy carrier inputs have been sourced from various industry-average datasets and
literature. Many of these data sets are defaulted to those specified for use in the NSF PCR 2021. The following Table describes

each LCI data source and includes the data quality assessment.

with US average electricity

MATERIALS LCI DATA SOURCE YEAR |GEOGRAPHY DATA QUALITY
Portland Cement and . ) Technology: very good, Time: very good,
Limestone Cement, ASTM Holcim - Ste. Genevieve Blended Type | 2021 North America @ hy: very good, C very
€595, AASHTO M 240, or L good, Reliability: very good
CSA A3001
= Technology: very good, Time: ve
Slag Cement, ASTM C989 Skyway Cement Company - Slag Ceme 2021 North America good, Gﬁrapl?ﬁverygocd. v
nt Complelzness: very good, Reliability:
None, no incoming burden, only inbound
Fly Ash, ASTM C618 transport is considered® N/A N/A N/A
. None, no incoming burden, only
Silica Fume, ASTM C1240 inbound transport is considered* N/A MN/A N/A
Crushed Aggregates, coarse  ecoinvent 3.4: "Gravel, crushed {RoWH 2001 WorldiUS Technology: very good, Time: poor,
and fine, ASTM C33 production | Cut-off, U (2018), modified with US Geography: good, Completeness: very good,
average electricity Reliability: very good
Natural Agaregates, ecoinvent 3.4: "Gravel, round {RoW} gravel -
coarse ani ing, 3nd zs&ng quary Ogera:l‘aS SI Cut-off, 2001 World/US éﬁ%ﬁgm ;ggj gé'ﬁﬂ;pT;’g?;;;‘;‘?'v‘a,,
ASTM C33 U’ (2018), modified with US average good, Reliabllity: very good
Manufactured Lightweight ecoinvent 3.4: Expanded clay {RoW} production | 2000 World/US Technology: good, Time: poor, Geography:
Aggregates, ASTM G330 Cut-off, U (2018), modified with US average good, Completeness: very good, Reliability:
electricity very good
Gypsum ecoinvent 3.5: Gypsum, mineral {RoWH 2021 Technology: good, Time: poor, Geography:
gypsum quarry operation | Alloc Rec, U Waorld/US good, G:dmplateness: very good, Reliability:
very go
Admixtures and Carbon GCP Applied Technologies LCA for Concrete ‘ Technology: very good, Time: very good,
Dioxide, ASTM C494 Admixtures 2021 North America Geography: fair, Completeness: very good,
ecoinvent 3.5: Carbon dioxide liquid {RoWH Reliability: very good
production | Cut-off U
Batch and Wash Water, ecoinvent 3.4: Tap water {RoW} market for | WorldiUS Technology: very good, Time: good,
ASTM C1602 Cut-off, U (2018), modified with US average 201 Geography: good, Completeness: very good,
alectricity Reliabilitv: verv aood
Road Transport USLCI 2014: Transport, combination truck, 2010 North America Technology: very good, Time: lair, Geography:
short-haul, diesel powered/tkm/RNA (2014) ;ﬂ"v %?Ifid. Cvmble‘l:ﬂesﬁi very good,
eliability: very gool
. I Technology: very good, Time: fair, Geography:
Rail Transport Bgllj::;zz(;j::]' Transport, train, diesel powsrad / 2007 North America very good, Completeness: very good,
Reliability: very good
. . Technology: very good, Time: fair, Geography:
USLCI 2014: Transport, ocean freighter, . .
Qcaan Transpont average fuel mix/US U (2014) 200 AR 5 ‘;I:Tag?lﬁ; gt:;n:‘lje;gnmm Repees,
. . Technology: very good, Time: very good,
Electricity emc:"':‘::';tfsl-éﬁl:;trllfl(t;bzc; voltage {XX}I 2015 North America G y: very good, G 1ess: very
: good, Reliability: very good
oo USLCI 2014: Diesel, combusted in industrial e A \Tr:s‘;s::;g?c:fnf: gme;'"\::::;o ";eogrﬂphyf
iler / 2014 b ete! . b
LAt Reliability: very good
. . Technology: very good, Time: fair, Geography:
Gasoline USI‘.CI 2014: Gasoline, combusted in 2007 North America very good, Completeness: very good,
equipment /US U (2014) Reliability: very good
s Technology: very good, Time: fair, Geography:
; e USLCI 2014: Liquefied petroleum gas, A .
Liquefied Propane Gas combusted in industrial boiler /US U (2014) 2007 North America ;zra;%:_:;ﬁ; gn:;;a;:nasa. very good,
ecoinvent 3.4: Hazardous waste, for
- . Y Technology: very good, Time: good,
incineration {RoW} treatment of hazardous
Hazardous Solid Waste waste, hazardous waste incineration | Alloc, 2011 World/US gefgra_pn}f: good, Céjompleteness‘: very good,
Rec, U (2018), modified with US electricity eliability: very goo
ecoinvent 3.4: Inert waste {RoW}l treatment of, Technology: very good, Time: good,
Non-Hazardous Solid Waste sanitary landfill | Alloc Rec, U (2018), modified 2011 World/US Geography: good, Completeness: very good,

Reliability: very good
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READY MIX CONCRETE PRODUCED BY:OZINGA
FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018

STRENGTH: 4000 psi @ 28 days
MIX NAME: 2686M3

DESCRIPTION: 4000 PSI

Declared Unit:1 cubic meter of ready mix concrete

CORE MANDATORY IMPACT INDICATOR TOTAL A1l A2 A3
Global warming potential GWP kg CO2e 188.61 148.15 20.97 19.50
Depletion potential of the stratospheric ozone layer ODP kg CFC11e 7.63E-06 6.60E-06 B8.77E-10 1.03E-06
Acidification potential of soil and water sources AP kg SO2e 0.64 0.26 0.26 0.12
Eutrophication potential EP kg Ne 0.37 0.27 0.02 0.09
Formation potential of tropospheric ozone SFP kg 03e 13.26 5.05 6.75 1.46
Abiotic depletion potential for fossil resources ADPf MJ, NCV 1279.59 727.04 297.88 254.67
Abiotic depletion potential for non-fossil mineral resources ADPe kg Sbe 1.22E-04 1.13E-04 0.00 8.95E-06
Fossil fuel depletion FFD MJ Surplus ~ 81.30 7.72 44.04 29.54
USE OF PRIMARY RESOURCES
Renewable primary energy carrier used as energy RPRE MJ, NCV 27.03 22.88 0.00 4.14
Renewable primary energy carrier used as material RPEM MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable primary energy carrier used as energy NRPRE MJ, NCV 195768  1308.54  315.76 333.38
Non-renewable primary energy carrier used as material NRPRM MJ, NCV 0.00 0.00 0.00 0.00
Secondary material SM kg 0.00 0.00 0.00 0.00
Renewable secondary fuel RSF MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable secondary fuel NRSF MJ, NCV 9.10 9.10 0.00 0.00
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00
Consumption of freshwater resources FwW m3 1.82 1.42 0.00 0.40
Calcination and carbonation emissions CCE kg CO2e 79.98 79.98 0.00 0.00
INDICATORS DESCRIBING WASTE
Hazardous waste disposed HWD kg 9.45E-06 9.45E-06 0.00 0.00
MNan-hazardous waste disposed NHWD kg 0.35 0.35 0.00 0.00
High-level radioactive waste, conditioned, to final repository HLRW m3 1.16E-03 1.16E-03 0.00 2.87E-08
Intermediate- and low-level radioactive waste, to final repository  |LLRw m3 1.90E-06 1.64E-06 0.00 2.64E-07
Components for re-use CRU kg 0.00 0.00 0.00 0.00
Materials for recycling MR kg 0.00 0.00 0.00 0.00
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00
Recovered energy exported from the product system EE MJ, NCV 0.00 0.00 0.00 0.00
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READY MIX CONCRETE PRODUCED BY:OZINGA

FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018
STRENGTH: 4000 psi @ 28 days
MIX NAME: 2686HS4

DESCRIPTION: 4000 PSI

IMPACT INDICATOR PER YD3| PER M3

Global Warming Potential kg CO,e 115.34 150.85
Ozone Depletion kg CFC11e 5.29E-06 6.92E-06
Acidification kg SO2e 0.52 0.68
Eutrophication kg NE 0.27 0.35
SFP (Smog) kg O3e 9.80 12.82
Non-renew. energy MJ, NCV 1362.95 1782.68
Declared Product Ready-mixed concrete produced by Ozinga

Date of Issue August 25, 2025

Period of Validity 5 years

Ozinga Bros., Inc.

19001 Old LaGrange Road
EPD Holder Mokena, IL 60448 ozl N GA

www.ozinga.com

ASTM International
Program Opeatr My s
West Conshohocken, PA 19428-2959, US/ ull '
LCA and EPD Developer \1,\;'?)': au?:(ai? g?i"t% Eﬁn;u ok ‘;“':"‘;2
arket Street Chattanooga, o] I
i ZWAP:S
Core PCR ISO 21930:2017 Sustainability in Building Construction - Environmental Declaration

of Building Products

NSF International Product Category Rule (PCR) for Concrete Version 2.3 (February
2025), Reviewed by Thomas P. Gloria, Bill Stough, and Michael Overcash.

Independent LCA Reviewer and EPD  Independent verification of the declaration and data, according to ISO 21930:2017
and 1SO 14025:2006 [ Internal @ External

Sub-category PCR

Verifier
Thomas P. Gloria, Ph.D., Industrial Ecology Consultants (t.gloria@industrial-ecology.com)

For Additional Explanatory Material Manufacture Representative: Ryan Cialdella (ryancialdella@ozinga.com) Software
Tool: Theta by WAP Sustainability Consulting V.1.0.

The declared product meets the following product specifications: This EPD was calculated using manufacturer specific cement data that

+ ACI 211: Standard Practice for Selecting Proportions for represents 100% of the total cement used in this mix.

Normal, Heavyweight, and Mass Concrete.

+ ACI 318: Building Code Requirements for Structural Concrete.
+ ASTM C94 Slandard Specification for Ready-Mixed Concrete.
« CS| Masterformat Division 03-30-00: Cast-in-Place Concrete.
+ UNSPSC Code 30111500: Ready Mix

Disclaimer:

EPDS are comparable only if they comply with this document, use
the same sub-category PCR where applicable, include all relevant
information modules and are based on equivalent scenarios with
respect to the context of construction works.
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METHODOLOGICAL FRAMEWORK

DECLARED UNIT

The declared unit is 1 cubic meter (1 cubic yard) of ready mixed concrete product. The defined concrete mix is
intended for commercial applications developed and produced by Ozinga. Key product variables include:

* Compressive strength - Compressive strengths are represented in the mix design and includes the number of days
after pouring as apart of the reference value: e.g. 3,000 psi @ 28 days; 4,000 psi @ 56 days; 6,000 psi @ 90 days; etc.

= Water to cementitious materials ratio (w/cm) — Varies but generally lower for a higher strength non-air entrained mix
design
(above 5,000 psi (34.5 MPa)) in accordance with ACI 211.1 recommendations

* SCM use — various mix designs call for Portland cement displacement by incorporating fly ash (FA) and/or slag cement
(SL)

* Admixtures use — Admixtures use was specified for the mix design that was modeled. Admixtures include air-
gntrz_aci'ning admixture, water reducing and accelerating admixtures, high range water reducer admixtures, and carbon
ioxide.

* No hazardous substances are present in the declared product.

+ The ready mixed concrete products represented in this EPD are comprised of :

Crushed Coarse Aggregate (ASTM C33), Natural Fine Aggregate (ASTM C33), Blended Cement (ASTM C595), BatchWater (AST
M C1602), Portland Limestone Cement (ASTM C595), Accelerating Admixture - Non Chlorides (ASTM C494), Water Reducer (AST

SCOPE OF LCA

A summary of life cycle stages included in the EPD is identified in Figure 1 as follows:

* A1: Raw Material Supply (upstream processes): Extraction, handling, and processing of the raw materials used in
the production of concrete, cement, supplementary cementitious materials, aggregate (coarse and fine), water,
admixtures, and other materials or chemicals used in concrete mixtures.

* A2: Transportation: Transportation of these materials from the supplier to the ‘gate’ of the concrete
producer.

* A3: Manufacturing (core processes): The energy used to store, batch, mix and distribute the concrete
and operate the facility (concrete plant).

A summary of activities excluded from the EPD is as follows:

* Production, manufacture, and construction of manufacturing capital goods and
infrastructure.

* Production and manufacture of production equipment, delivery vehicles, and laboratory
equipment.

* Personnel-related activities (travel, furniture, and office supplies)
* Energy and water use related to company management andsales activities.

CONTINUED ON NEXT PAGE
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METHODOLOGICAL FRAMEWORK CONTINUED

CUT-OFF RULES

The cut-off criteria for all activity stage flows considered within the system boundary conform with 1SO 21930: 2017 Section
7.1.8. Specifically, the cut-off criteria were applied as follows:
¢ Allinputs and outputs for which data are available are included in the calculated effects and no collected core

process data
are excluded.

* A one percent cut-off is considered for renewable and non-renewable primary energy consumption and the total
mass of inputs within a unit process. The sum of the total neglected flows does not exceed 5% of all energy
consumption and mass of inputs.

+ Allflows known to contribute a significant impact or to uncertainty (e.g., portland cement and admixtures) are
included.

* The cut-off rules are not applied to hazardous and toxic material flows — all of which are included in the life cycle
inventory.

* Proxy data was used for admixtures used by Ozinga that did not align with any of the admixture categories

publishedithe European Federation of Concrete Admixtures Associations (EFCA) EPDs. In those cases, the
Water Reducing Admixture data was selected as a conservative assumption as per the NCF PCR Appendix A.

ALLOCATION

The allocation of co-products or secondary flows cross the system boundary conforms with the ISO 21930: 2017 Section 7.2.4.
allocation criteria were applied as follows:

* Allocation was not applied to any of the gate-to-gate production facilities.
* For Secondary Data sources, the NSF PCR default allocation selection (i.e.“Cut-off” or “Alloc Rec”) was applied.

* The product category rules for this EPD recognize fly ash, silica fume and slag as recovered materials and thus
the environmental impacts allocated to these materials are limited to the treatment and transportation required to
use as a concrete material input.

* A portion (30%) of the reported fleet energy use for truck mixing plants was allocated to the mixing facility.

BUILDING LIFE CYCLE INFORMATION MODULES (X: Included in LCA; MND: Module Not Declared)

Construction

Production State Stage Use Stage End-Of-Life Stage

L5 2 2

e 4 e @ = £ = = 5 8w K] ]

.EE-E € § T s ® 2 = 2 £ Eg g g B 5 S E =
ggs g2 § 8, ¥ & % & 8 & $3 §% E = 838 & %
£5g 2% 8 25 = £ 2 k| =z 58 §85 £ g Lz o =
wa f Ll £ & = T a 2 o o 2% § E 2o o @
=] = g = = = & & o] S o= s O ] - %
a £ = [=]

=

Al A2 A3 Ad AS B1 B2 B3 B4 B5 B6 B7 c1 cz c3 c4
X X X MND MND MND MND MND MND MND MND MND MND MND MND MND

OZIINGA | ENVIRONMENTAL PRODUCT DECLARATION

Date: July, 2026

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


http://creativecommons.org/licenses/by-sa/4.0/

OPEN

i Compute
Project®

OZINGA

DATA SOURCES

This EPD is based on foreground LCI data collected from the participating company’s production facilities for the calendar year
2023. All upstream material, resource and energy carrier inputs have been sourced from various industry-average datasets and
literature. Many of these data sets are defaulted to those specified for use in the NSF PCR 2021. The following Table describes

each LCI data source and includes the data quality assessment.

MATERIALS

Portland Cement and
Limestone Cement, ASTM
€505, AASHTO M 240, or
CSA A3001

Slag Cement, ASTM C989

Fly Ash, ASTM C&18

Silica Fume, ASTM C1240

Crushed Aggregates, coarse
and fine, ASTM C33

Natural Aggregates,
coarse and fine,
ASTM C33

Manufactured Lightweight
Aggregates, ASTM C330
Gypsum

Admixtures and Carbon
Dioxide, ASTM C494

Batch and Wash Water,
ASTM C1602

Road Transport

Rail Transport

Ocean Transport

Electricity

Diesel

Gasoline

Liquefied Propane Gas

Hazardous Solid Waste

Non-Hazardous Solid Waste

50 [=e] !
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LCI DATA SOURCE

Ozinga CarbonSense Cement;Holcim -
Ste. Genevieve Blended Type IL

Slag Cement Association EPD of North
America Slag Cement (2021)

None, no incoming burden, only inbound
transport is considered®

None, no incoming burden, only

inbound transport is considered™

ecoinvent 3.4; “Gravel, crushed {RoW}
production | Cut-off, U™ (2018), modified with US
average electricity

acoinvent 3.4: “Gravel, round {RoW} gravel

and sand quarry operation | Cut-off,

U" (2018), modified with US average

Alactricity

ecoinvent 3.4: Expanded clay {RoW}) production |
Cut-off, U (2018), modified with US average
electricity

ecoinvent 3.5: Gypsum, mineral {RoWH
gypsum quarry operation | Alloc Rec, U

GCP Applied Technologies LCA for Concrete
Admixtures

ecoinvent 3 5: Carbon dioxide liquid {RoW)
production | Gut-off U

ecoinvent 3.4: Tap water {RoW}l market for |
Cut-off, U (2018). modified with US average
electricity

USLCI 2014: Transport, combination truck,
short-haul, diesel powered/tkm/RNA (2014)

USLCI 2014: Transport, train, diesel powered /
Us U (2014)

USLCI 2014: Transport, ocean freighter,
average fuel mix/US U (2014)

ecoinvent 3.4: Electricity, low voltage {XX}|
market for | Cut-off, U (2018)

USLCI 2014: Diesel, combusted in industrial
boiler / US U (2014)

USLCI 2014: Gasoline, combusted in
equipment /US U (2014)

USLCI 2014: Liquefied petroleum gas,
combusted in industrial boiler /US U (2014)

ecoinvent 3.4: Hazardous waste, for
incineration {RoW} treatment of hazardous
waste, hazardous waste incineration | Alloc,
Rec, U (2018), modified with US electricity

ecoinvent 3.4: Inert waste {RoW} treatment of,
sanitary landfill | Alloc Rec, U (2018), modified
with US average electricity

YEAR |GEOGRAPHY

2021

N/A

N/A

2001

2001

2000

2021

2021

2010

2007

2007

2015

2007

2007

2007

2011

2011

PAGE 97

EPD

ENVIRONMENTAL PRODUCT DECLARATION

North America

North America

N/A

N/A

World/US

World/US

WorldUS

World/US

North America

WorldUS

North America

North America

North America

North America

North America

North America

North America

World/US

World/US

ts allocate

DATA QUALITY
Technology: very good, Time: very good,
G hy: very good, Gt : very

good, Reliability: very good

Technology: very good, Time: very
good, Geography: very good,
Compldiness: very good, Reliability:

N/A

N/A

Technology: very good, Time: poor,
Geography: good, Completeness: very good,
Reliability: very good

Technology: very good, Time: poor,
Geography: good, Completeness: very
good, Reliability: very good

Technology: good, Time: poor, Geography:
good, Completeness: very good, Reliability:
very good

Technology: good, Time: poor, Geography:
good, Completeness: very good, Reliability:
very go

Technology: very good, Time: very good,

Geography: fair, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,
Geography: good, Completeness: very good,
Reliabilitv: verv aood

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: very good,
Gi y: very goed, Ci ess; very
good, Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:
very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,
Geography: good, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,
Geography: good, Completeness: very good,
Reliability: very good

o these malerials are
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READY MIX CONCRETE PRODUCED BY:OZINGA
FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018

STRENGTH: 4000 psi @ 28 days
MIX NAME: 2686HS4

DESCRIPTION: 4000 PSI

Declared Unit:1 cubic meter of ready mix concrete

CORE MANDATORY IMPACT INDICATOR TOTAL A1 A2 A3
Global warming potential GWP kg C02e 150.85 110.35 21.01 19.50
Depletion potential of the stratospheric ozone layer ODP kg CFC11e  6.92E-06 5.89E-06 8.83E-10 1.03E-06
Acidification potential of soil and water sources AP kg SO2e 0.68 0.30 0.25 0.12
Eutrophication potential EP kg Ne 0.35 0.25 0.02 0.09
Formation potential of tropospheric ozone SFP kg 03e 12.82 4.90 6.45 1.46
Abiotic depletion potential for fossil resources ADPf MJ, NCV 1136.55  581.79 300.09 25467
Abiotic depletion potential for non-fossil mineral resources ADPe kg Sbe 1.90E-04 1.B1E-04 0.00 8.95E-06
Fossil fuel depletion FFD MJ Surplus ~ 81.10 7.21 44.36 29.54
USE OF PRIMARY RESOURCES
Renewable primary energy carrier used as energy RPRE MJ, NCV 59.93 55.78 0.00 4.14
Renewable primary energy carrier used as material RPRM MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable primary energy carrier used as energy NRPRE MJ, NCV 178268  1131.20  318.10 333.38
Non-renewable primary energy carrier used as material NRPRM MJ, NCV 0.00 0.00 0.00 0.00
Secondary material SM kg 0.00 0.00 0.00 0.00
Renewable secondary fuel RSF MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable secondary fuel NRSF  MJ, NCV 7.39 7.39 0.00 0.00
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00
Consumption of freshwater resources FW m3 1.79 1.39 0.00 0.40
Calcination and carbonation emissions CCE kg CO2e 41.11 41.11 0.00 0.00
INDICATORS DESCRIBING WASTE
Hazardous waste disposed HWD kg 1.82E-03 1.82E-03 0.00 0.00
Non-hazardous waste disposed NHWD kg 1.06 1.06 0.00 0.00
High-level radioactive waste, conditioned, to final repositary HLRw m3 3.75E-03 3.75E-03 0.00 2.87E-08
Intermediate- and low-level radioactive waste, to final repository  |LLRW m3 1.95E-06 1.69E-06 0.00 2.64E-07
Components for re-use CRU kg 0.00 0.00 0.00 0.00
Materials for recycling MR kg 0.00 0.00 0.00 0.00
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00
Recovered energy exported from the product system EE MJ, NCV 0.00 0.00 0.00 0.00
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READY MIX CONCRETE PRODUCED BY:OZINGA
FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018

STRENGTH: 4000 psi @ 28 days
MIX NAME: 5000M

DESCRIPTION: 4000 PSI NO AE

IMPACT INDICATOR PER YD3| PER M3

Global Warming Potential kg CO.e 87.35 114.25
Ozone Depletion kg CFC11e 5.27E-06 6.89E-06
Acidification kg SO2e 0.51 0.67
Eutrophication kg NE 0.24 0.31
SFP (Smog) kg O3e 9.16 11.98
Non-renew. energy MJ,NCV 121983 1595.48
Declared Product Ready-mixed concrete produced by Ozinga

Date of Issue August 25, 2025

Period of Validity 5 years

Ozinga Bros., Inc.

19001 Old LaGrange Road .
EPD Holder Mokena, IL 60448 OZI N GA

www.ozinga.com

ASTM International
Program Operator 100 Bar Harbor Drive A% ﬂ?{;ﬂ”ﬁﬁfﬂaﬁﬂmnm
West Conshohocken, PA 19428-2959, US/ L :
LCA and EPD Developer :ﬂ‘:"?)? au?:(aitn g?i"“; %ﬂniu fing ‘;“.;3 z
arket Street Chattancoga, = SUSTAINABILITY
TN 37408 "'WAPCONsumNG
Core PCR ISO 21930:2017 Sustainability in Building Construction - Environmental Declaration

of Building Products

NSF International Product Category Rule (PCR) for Concrete Version 2.3 (February
2025), Reviewed by Thomas P. Gloria, Bill Stough, and Michael Overcash.

Independent LCA Reviewer and EPD  Independent verification of the declaration and data, according to ISO 21930:2017
and I1SO 14025:2006 [ Internal ® External

Sub-category PCR

Verifier
Thomas P. Gloria, Ph.D., Industrial Ecology Consultants (i gloria@industrial-ecology.com)

For Additional Explanatory Material Manufacture Representative: Ryan Cialdella (ryancialdella@ozinga.com) Software
Teool: Theta by WAP Sustainability Consulting V.1.0.

The declared product meets the following product specifications: This EPD was calculated using manufacturer specific cement data that

* ACI 211: Standard Practice for Selecting Proportions for represents 100% of the total cement used in this mix.
Normal, Heavyweight, and Mass Concrete.

* ACI 318: Building Code Requirements for Structural Concrete.
* ASTM C94 Standard Specification for Ready-Mixed Concrete.
+  CSI Masterformat Division 03-30-00: Cast-in-Place Concrete.
* UNSPSC Code 30111500: Ready Mix

Disclaimer:

EPDS are comparable only if they comply with this document, use
the same sub-category PCR where applicable, include all relevant
information modules and are based on equivalent scenarios with
respect to the context of construction works.
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METHODOLOGICAL FRAMEWORK

DECLARED UNIT

The declared unit is 1 cubic meter (1 cubic yard) of ready mixed concrete product. The defined concrete mix is
intended for commercial applications developed and produced by Ozinga. Key product variables include:

* Compressive strength - Compressive strengths are represented in the mix design and includes the number of days
after pouring as apart of the reference value: e.g. 3,000 psi @ 28 days; 4,000 psi @ 56 days; 6,000 psi @ 90 days; etc.

+ \Water to cementitious materials ratio (w/cm) — Varies but generally lower for a higher strength non-air entrained mix
design
(above 5,000 psi (34.5 MPa)) in accordance with ACI 211.1 recommendations

* SCM use — various mix designs call for Portland cement displacement by incorporating fly ash (FA) and/or slag cement
(SL)

* Admixtures use — Admixtures use was specified for the mix design that was modeled. Admixtures include air-
{ei.ntr:_a&ning admixture, water reducing and accelerating admixtures, high range water reducer admixtures, and carbon
ioxide.

* No hazardous substances are present in the declared product.

* The ready mixed concrete products represented in this EPD are comprised of :

Crushed Coarse Aggregate (ASTM C33), Natural Fine Aggregate (ASTM C33), Blended Cement (ASTM C595), BatchWater (AST
M C1602), Accelerating Admixture - Non Chlorides (ASTM C494), Water Reducer - High Range (ASTM C494), Carbon Dioxide (AS

SCOPE OF LCA

A summary of life cycle stages included in the EPD is identified in Figure 1 as follows:

* A1: Raw Material Supply (upstream processes): Extraction, handling, and processing of the raw materials used in
the production of concrete, cement, supplementary cementitious materials, aggregate (coarse and fine), water,
admixtures, and other materials or chemicals used in concrete mixtures.

* AZ2:Transportation: Transportation of these materials from the supplier to the ‘gate’ of the concrete
producer.

* A3: Manufacturing (core processes): The energy used to store, batch, mix and distribute the concrete
and operate the facility (concrete plant).

A summary of activities excluded from the EPD is as follows:

* Production, manufacture, and construction of manufacturing capital goods and
infrastructure.

* Production and manufacture of production equipment, delivery vehicles, and laboratory
equipment.

* Personnel-related activities (travel, furniture,and office supplies)
* Energy and water use related to company management andsales activities.

CONTINUED ON NEXT PAGE
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METHODOLOGICAL FRAMEWORK CONTINUED

CUT-OFF RULES

The cut-off criteria for all activity stage flows considered within the system boundary conform with ISO 21930: 2017 Section
7.1.8. Specifically, the cut-off criteria were applied as follows:
* Allinputs and outputs for which data are available are included in the calculated effects and no collected core

process data
are excluded.

= A one percent cut-off is considered for renewable and non-renewable primary energy consumption and the total
mass of inputs within a unit process. The sum of the total neglected flows does not exceed 5% of all energy
consumption and mass of inputs.

« All flows known to contribute a significant impact or to uncertainty (e.g., portland cement and admixtures) are
included.

* The cut-off rules are not applied to hazardous and toxic material flows — all of which are included in the life cycle
inventory.

* Proxy data was used for admixtures used by Ozinga that did not align with any of the admixture categories

publishedhithe European Federation of Concrete Admixtures Associations (EFCA) EPDs. In those cases, the
Water Reducing Admixture data was selected as a conservative assumption as per the NCF PCR Appendix A.

ALLOCATION

The allocation of co-products or secondary flows cross the system boundary conforms with the 1ISO 21930: 2017 Section 7.2.4.
allocation criteria were applied as follows:

* Allocation was not applied to any of the gate-to-gate production facilities.
* For Secondary Data sources, the NSF PCR default allocation selection (i.e."Cut-off” or “Alloc Rec”) was applied.

* The product category rules for this EPD recognize fly ash, silica fume and slag as recovered materials and thus
the environmental impacts allocated to these materials are limited to the treatment and transportation required to
use as a concrete material input.

* A portion (30%) of the reported fleet energy use for truck mixing plants was allocated to the mixing facility.

BUILDING LIFE CYCLE INFORMATION MODULES (X: Included in LCA; MND: Module Not Declared)

Construction

Production State Stage Use Stage End-Of-Life Stage
25 2 2
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DATA SOURCES

This EPD is based on foreground LCI data collected from the participating company’s production facilities for the calendar year

ENVIRONMENTAL FRODUCT DECLARATION

EPD

2023. All upstream material, resource and energy carrier inputs have been sourced from various industry-average datasets and
literature. Many of these data sets are defaulted to those specified for use in the NSF PCR 2021. The following Table describes

each LCI data source and includes the data quality assessment.

MATERIALS

Portland Cement and
Limestone Cement, ASTM
€595, AASHTO M 240, or
CSA A3001

Slag Cement, ASTM C989

Fly Ash, ASTM C618

Silica Fume, ASTM C1240

Crushed Aggregates, coarse
and fine, ASTM C33

Natural Agdgregales
coarse and fine,
ASTM C33

Manufactured Lightweight
Aggregates, ASTM C330
Gypsum

Admixtures and Carbon
Dioxide, ASTM C494

Batch and Wash Water,
ASTM C1602

Road Transport
Rail Transport
Ocean Transport
Electricity

Diesel

Gasoline

Liquefied Propane Gas

Hazardous Solid Waste

Non-Hazardous Solid Waste
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LCI DATA SOURCE
Ozinga CarbonSense Cement

Slag Cement Association EPD of North
America Slag Cement (2021)

None, no incoming burden, only inbound
transport is considered*®

None, no incoming burden, only

inbound transport is considered”

ecoinvent 3.4: "Gravel, crushed {RaW}
production | Cut-off, U™ (2018), modified with US
average electricity

ecoinvent 3.4: "Gravel, round {RoW} gravel
and sand quarry operation | Cut-off,

U” (2018), modified with US average
alactricity

ecoinvent 3.4: Expanded clay {RoW)l production |

Cut-off, U (2018), modified with US average
electricity

ecoinvent 3.5: Gypsum, mineral {RoWH
gypsum quarry operation | Alloc Rec, U

GCP Applied Technologies LCA for Concrete
Admixtures

ecoinvent 3.5: Carbon dioxide liquid {RoW}
production | Cut-off U

ecoinvent 3.4: Tap water {RoW} market for |
Cut-off, U (2018). modified with US average
electricity

USLCI 2014: Transport, combination truck,
short-haul, diesel powered/tkm/RBNA (2014)

USLCI 2014: Transport, train, diesel powered /
US U (2014)

USLCI 2014: Transport, ocean freighter,
average fuel mix/US U (2014)

ecoinvent 3.4: Electricity, low voltage (XX}
market for | Cut-off, U (2018)

USLCI 2014: Diesel, combusted in industrial
bailer / US U (2014)

USLCI 2014: Gasoline, combusted in
equipment /US U (2014)

USLCI 2014: Liquefied petroleum gas,
combusted in industrial boiler /US U (2014)
ecoinvent 3.4: Hazardous waste, for
incineration {RoW} treatment of hazardous
waste, hazardous waste incineration | Alloc,
Rec, U (2018), modified with US electricity

ecoinvent 3.4: Inert waste {RoW} treatment of,
sanitary landfill | Alloc Rec, U (2018), modified
with US average slectricity

YEAR GEOGRAPHY

2021

N/A

N/A

2001

2001

2021

2021

2011

2010

2007

2007

2015

2007

2007

2007

2011

2011

North America

MNorth America

N/A

N/A

World/US

World/US

World/US

World/US

North America

World/US

North America

North America

North America

North America

North America

North America

North America

World/US

World/US

DATA QUALITY

Technology: very good, Time: very good,
Geography: very good, Completeness; very
good, Reliability: very good

Technology: very good, Time: very
good, Geography: very good, .
Compleﬂ?‘ness: very good, Reliability:

N/A

N/A

Technology: very good, Time: poor,
Geography: good, Completenass: very good,
Reliability: very good

Technology: very good, Time: poor,
Geography: good, Completeness: very
good, Reliability: very good

Technology: good, Time: poor, Geography:
good, Completeness: very good, Reliability:
very good

Technology: good, Time: poor, Geography:
good, Completeness: very good, Reliability:
very good

Technology: very good, Time: very good,
Geography: fair, Completeness: very good,
Reliability: very good

Technology: very good, Time: good,
Geography: good, Completeness: very good,
Reliabilitv: verv acod

Technology: very good, Time: fair, Geography:

very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:

very good, Completeness: very good,
Reliability: very good

Technology: very good, Time: fair, Geography:

very good, Completeness: very good,
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READY MIX CONCRETE PRODUCED BY:OZINGA
FACILITY: Jarvis | 200 E. Jarvis Ave. Des Plaines, IL 60018

STRENGTH: 4000 psi @ 28 days
MIX NAME: 5099M

DESCRIPTION: 4000 PSI NO AE

Declared Unit:1 cubic meter of ready mix concrete

CORE MANDATORY IMPACT INDICATOR TOTAL  Af A2 A3
Global warming potential GWP kg C02e 114.25 74.76 19.99 19.50
Depletion potential of the stratospheric ozone layer ODP kg CFC11e  6.89E-06 5.86E-06 8.44E-10 1.03E-06
Acidification potential of soil and water sources AP kg SO2e 0.67 0.32 0.23 0.12
Eutrophication potential EP kg Ne 0.31 0.20 0.01 0.09
Formation potential of tropospheric ozone SFP kg 03e 11.98 4.61 5.91 1.46
Abiotic depletion potential for fossil resources ADPf MJ, NCV 865.82 32433 286.82 25467
Abiotic depletion potential for non-fossil mineral resources ADPe kg Sbe 3.89 3.89 0.00 8.95E-06
Fossil fuel depletion FFD MJ Surplus ~ 79.06 713 42.39 29.54
USE OF PRIMARY RESOURCES
Renewable primary energy carrier used as energy RPRE  MJ, NCV 57.19 53.04 0.00 4.14
Renewable primary energy carrier used as material RPRM  MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable primary energy carrier used as energy NRPRE MJ, NCV 159548  958.06 304.03 333.38
Non-renewable primary energy carrier used as material NRPRM MJ, NCV 0.00 0.00 0.00 0.00
Secondary material SM kg 0.00 0.00 0.00 0.00
Renewable secondary fuel RSF MJ, NCV 0.00 0.00 0.00 0.00
Non-renewable secondary fuel NRSF  MJ, NCV 5.34 5.34 0.00 0.00
Recovered energy RE MJ, NCV 0.00 0.00 0.00 0.00
Consumption of freshwater resources Fw m3 1.71 1.31 0.00 0.40
Calcination and carbonation emissions CCE kg CO2e 9.26 9.26 0.00 0.00
INDICATORS DESCRIBING WASTE
Hazardous waste disposed HWD kg 8.75E-03 8.75E-03 0.00 0.00
Non-hazardous waste disposed NHWD kg 0.68 0.68 0.00 0.00
High-level radioactive waste, conditioned, to final repository HLRW m3 227E-03 227E-03 0.00 2.87E-08
Intermediate- and low-level radioactive waste, to final repository  |LLRw m3 1.80E-06 1.54E-06 0.00 2.64E-07
Components for re-use CRU kg 0.00 0.00 0.00 0.00
Materials for recycling MR kg 0.00 0.00 0.00 0.00
Materials for energy recovery MER kg 0.00 0.00 0.00 0.00
Recovered energy exported from the product system EE MJ, NCV 0.00 0.00 0.00 0.00
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Wiss, Janrey, Elstrer Associates, Inc.
330 Fingsten Aoad

Marthbrook. lllinois G0062

847272, 7400 tel

VAW, O

SITE VISIT REPORT

Hyperscalers

Abrasion Resistance of Trial Slabs — Mixes 1 and 2

REPORT DATE 10/01/2024 WUE PROJECT MO, 2024.1541

REPORTED BY Kathleen Hawlkns WUE PROJECT MGR.  Tom Van Dam

FACILITY NO. WIE Morthbrook Annex CLIENT Open Compute Foundation
ADDRESS 355 Melvin Dr

Northbrook, IL 60062

Test Information:

Method: BS EN 13892-4: 2002 - Methods of test for screed malerials — Part 4; Delermination af wear
rEsistance-BCA

Test Date: 092772024
Test Operator: Eathleen Hawkins (primary), Anuj Parashar, Drew Witte, and Le Pham
Equipment 1D: ABS1T

Test Area Description: Slabs 1 and 2 in the Annex of WIE Northbroak,
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Hyperscalers
Abrasion Resistance of Trial 3labs — Mixes 1 and 2

Abrasion Test Results:

Slab 1: Mix 1 - Control

Slab 1 - Control | Test 1-1 | Test 1-2 | Test 1-3
Abrasion Test Readings (mm)
Reading # Pre-Test | Post-Test | Pre-Test | Post-Test | Pre-Test | Post-Test

0.00 0.00 -0 0.05 00y oo

2 000 0.00 -0 00z 001 013

3 0.0 002 Q.02 0.06 000 037

4 000 0,00 -0.01 0.08 1T} 0a

5 000 0.00 o 003 i 028

] 001 0.00 o 00z 0.00 naz

7 0.00 001 o 0.00 000 ni7

B 000 0.00 0.0 -0.02 0.00 004

Average 000 0.00 000 003 000 019

Mean Depth of Wear (mim) 0.0 003 01s
Test Area .l.vlragt {mmj 0073

Test Area Notes:

Test 1: Rocked maore than other tests because of unlevelness of surface.

Test 2: Ring of wear visible at ~8 minutes. Rocking due to uneven floor observed. Relatively high amount
of dust generated by test.

Test 3: Saw ring of wear immediately [~ 10 seconds). Floor appears mare stable than for the Tests 1-1 and
1-2; no rocking of the unpinned feet observed. Relatively high amount of dust generated by the test. At
~14 minutes, started hearing a ratthing rumble. & minor piece of the equipment came unscrewed from the
fan casing; did not affect the test. Equipment appeared to be vibrating/hammering at a very low
amplitude, Continued test to completion with close monitoring, Ended on time at 15 minutes 4 seconds,

SITE VISIT REPORT | WIE No. 20241541 | Page 2
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Hyperscalers
Abrasion Resistance of Trial Slabs — Mixes 1 and 2

Slab 2: Mix 2 - 40% 5C

Slab 2 - 40% € | Test 2-1 | Test 2-2 Test 2-3
Abrasion Test Readings (mm)
Reading # Pre-Test | Post-Test | Pre-Test | Post-Test | Pre-Test | Past-Test
1 Qoo o2 =002 -0.02 000 oo
2 0.oo a ] -0.02 -0.02 am 003
3 0oz am 0.0a -0.m 000 om
4 0o -0 -0.M -0.02 00 ooz
5 Qoo -0 -0 -0.01 000 003
3 001 0.02 -002 -0.02 0.00 003
7 0.00 001 0.01 001 0.00 003
B 003 0.00 0.00 0.00 0.00 006
Average Qoo am -0 -0.01 000 nos
Mean Dapth of Wear (mm) 001 0,00 o3
Test Area Average (mm) 0m3

Test Area Notes:

Test 1: No comment.
Test 2: No comment.

Test 3: Ring of wear visible at ~3 minutes. Test generated a relatively large amount of dust

SITE VESIT REPORT | WIE Mo. 20241541 | Page 3
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Hyperscalers
Abrasion Resistance of Trial Slabs - Mixes 1 and 2

Summary of Abrasion Resistance Testing Results:

Test Area: Average (mm) Range {mm}
Slab 1 - Contro 0073 0.00 to 0.1%
Slab 2 — 40% 5C o013 0.00 to 0.03
SITE VISIT REPORT | WIE Mo. 20241541 Page d
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Hyperscalers
Abrasion Resistance of Trial 5labs - Mixes 1 and 2

Phataes - Slab 1 - Contral

Test 1-2: Pre-testing Test 1-2: Post-testing

Test 1-3: Pro-tosting Test 1-3: Post-testing

SITE VISIT REPORT | WIE Mo, 20241541 | Page 5
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Hyperscalers
Abrasion Resistance of Trial 5labs - Mixes 1 and 2

Test 2-2: Pre-testing Test 2-2: Post-testing

Test 2-3: Pre-testing Test 2-3: Past-testing
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Wiss, Janney, Elsimer Associates, Inc.

W E 130 Pingsten Roed
Monhbroosk, Ilnos 60062

BATIT2 TA00 tel

WAL W B.COm

SITE VISIT REPORT

Hyperscalers

Abrasion Resistance of Trial Slabs - Mixes 3 and 4

REPORT DATE 10/01/2024 WIE PROVECT NO.  2024.1541

REPORTED BY Kathleen Hawkins WIE PROJECT MGR.  Tom Van Dam

FACILITY MO, WIE Morthbrook Annex CLIENT Open Compute Foundation
ADDRESS 355 Melvin Dr

Maorthbroak, IL 60062

Test Information:

Method: BS EN 13892-4: 2002 — Methods of test for screed materials — Part 42 Determination of wear
resistance-BCA

Test Date: 09/26/2024
Test Operator: Kathleen Hawkins
Equipment ID: ABS1T

Test Area Description: Slabs 3 and 4 in the Annex of WIE Northbrook,
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Abrasion Test Results:

Slab 3: Mix 3 - CT1157 & Type IL
Slab 3 - €1157 & Type IL | Test 3-1 | Test 3-2 | Test 3-3
Abrasion Test Readings (mm)
Reading # Pre-Test | Post-Test | Pre-Test | Post-Test | Pre-Test | Post-Test
1 -0.03 -002 -0 oo oo 0oz
4 000 0.03 -0.04 -0.04 oo oz
3 003 0.07 0.0 0.00 0.00 0.00
4 oo 003 -0 (1T )] om 0oz
5 ooz 005 om o4 ooz 0oz
B o2 0.044 -003 -0u02 -0un 0u0a
T 0.05 0.06 .02 0.01 0.02 D03
B 000 oo -0.01 oom 000 noa
fverage 001 0.03 -002 000 oo ooz
Mean Depth of Wear (mm) 0.02 0.02 0.01
Test Area I.wrlgt {rmm) omy

Test Area Notes:

Test 1: Mo comments.

Test 22 Dust from drilling jumped like | was drilling on a delaminaticn when drilling the northeast hale for
this test.

Test 3: Saw ring of wear at ~2 minutes.
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Slab 4: Mix 4 - C1157
Slab 4 - C1157 | Test 4-1 | Test 4-2 | Test 4-3
Abrasion Test Readings (mm)
Reading # Pre-Test | Post-Test | Pre-Test | Post-Test | Pre-Test | Post-Test
1 002 02 fuin 002 201 -1
2 000 000 002 a0 0.00 0u0a
3 0.00 0.00 002 0.02 003 003
4 001 000 003 -0.03 00 am
5 003 0.03 0.03 0.03 0.00 a0
B 003 002 0u00 a0 0.00 000
7 002 002 0 0.01 006 006
B -a.01 000 -0.02 -0.01 000 000
Average 00 i) 000 000 0.0 000
Mean Depth of Wear {mm) 0.00 0.00 000
Test Area Average (mm) 0000

Test Area Motes:

Test 1: Mo comment

Test 2- Visible wear at outer edge of wheel path characterized by loss of any densified layer and exposure
of the lighter colored, speckled mortar fraction of the concrete

Test 3: Similar wear pattern as described for Test 4-2.
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Summary of Abrasion Resistance Testing Results:

Test Area: Average (mm) Range (mm)
Slab 3 - C1157 & Type IL a7 0.01 to 0.02
Slab 4 - C1157 0.000 0.00 to 0.00
SITE VESIT REPORT | WIE Mo. 20241541 Page 4
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Test 3-3: Pre-testing Test 3-3: Post-testing
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