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Presentation Outline

= What is unique about low embodied carbon
concrete?

= Keys to success when using low embodied
carbon concrete

« Thorough laboratory evaluations of
mixtures

= Field demonstrations to validate
constructability and long-term efficacy

= Lessons learned and path forward




Carbon Reduction Strategies for Concrete

= Get portland cement clinker out of . T
the Cemen‘t Embodied Carbon Emissions

of Paving Concrete

= Replace with traditional and non-
traditional SCMs

» Use alternative cements

=  Get cementitious materials out of
concrete
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Carbon Reduction Strategies

= Cement optimization
= Increased SCM replacement rates

« Blended portland cements

= Alternative SCMs and cements

= Concrete optimization frenacure
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Construction Concerns When Reducing

Portland Cement Clinker

= Less cement clinker often means less heat generated

= Can be helpful in hot weather or mass concrete placements

= May be difficult in cool weather or for early strength
= Less cementitious materials means less water
Moisture control in mixture production is more critical

= In combination, can pose difficulties during finishing and curing
due to slower setting and reduced bleeding

= Slower hydration can affect joint sawing, form stripping, opening

to traffic, post-tensioning, tilting, etc.




Why Conduct a Comprehensive Laboratory

Study?

= Important properties are not often measured in mixture
proportioning studies

= Bleeding

« Setting

» Heat generation

= Qualitative assessment of “workability” and “finishability”

= Results of laboratory study should be used to inform the
contractor

= This is not traditionally done
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Why Demonstrate?

= Matching mixture properties to application (foundation, slab, tilt-up, etc) is critcal
« Constructability is more than slump
= Construction requires immense empirical knowledge and skill
« This experience has built up over decades
« A change in material behavior may be outside knowledge base
= There are no laboratory tests that can fully assess constructability
« Demonstrations are needed, using actual construction means and methods,
to “test drive” the mixture
= Some properties (e.g., abrasion, aesthetics) can only be assessed through a
finished demonstration

e (‘T .
;L JE “EFCONCRETE’ Paﬁeu‘
CONVENTION AnACi Center of Excellence
i s for Corban Neutrc Cancrets



Two lllustrative Examples

= Project 1 - lower embodied carbon concrete for the construction of tilt-
up panels for data centers
= Project 2 — lower embodied carbon concrete for the construction of
slabs for data centers
= For each, ensure that fresh and hardened concrete properties meeting
specifications
= In the laboratory, measure additional properties to inform
construction
« During the demonstration, use anticipated construction practices
— Assess typical properties
— Observe and record contractor feedback
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Tilt-Up Project

= Mix 1 - Control: 564 pcy of ASTM C595 Type IL blended cement mix with
proportions commonly used in tilt-up wall construction in AWS Data Centers

« Estimated embodied carbon 209 kg CO, eq from EPD

= Mix 2 - 25% Slag Cement: |dentical to Mix 1, but 25% of the ASTM C595 Type
IL cement was replaced, by mass, with ASTM C989 slag cement

= Carbon reduction was 19% as compared to control from EPD

= Mix 3 -C1157: 750 pcy proprietary blend of cementitious materials which
conforms to ASTM C1157, Standard Performance Specification for Hydraulic
Cement

Estimated carbon reduction is 52% as compared to control from draft EPDs
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Laboratory Evaluation Program

= Fresh concrete properties

Slump (range: 6 to 8 in; ASTM C143), air content (< 2.5%; ASTM C231), unit
weight (ASTM C138) and temperature (ASTM C1064)

Setting time (ASTM C403), heat of hydration (ASTM C1702), and bleeding
potential (ASTM C232) were also measured

= Hardened concrete properties

Compressive strength (ASTM C39), splitting tensile strength (ASTM C469), elastic
modulus (ASTM C469), drying shrinkage (ASTM C157), coefficient of thermal
expansion (AASHTO T 336), bulk resistivity (AASHTO T 402), and maturity (ASTM
C1074)
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Laboratory Results: Setting and Total Heat

Test Unit Mix 1 - Mix 2 -25% | Mix 3-Ciig7y
I N Pl
Settlng [ N ASTM C403 3:20 3:15
ASTM C403 h:mm 4:40 4:40 7:10
Final

165 207 232 269
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Laboratory Results: Bleeding
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Summary of Laboratory Results

o All three mixtures were “workable”, but the thixotropic properties of
Mix 3 would likely require more effort during placement and
finishing

e The low bleed of Mix 3 means early curing will be needed to reduce
the risk of plastic shrinkage cracking

e The heat of hydration and early strength gain characteristics suggest
that Mixes 1 and 2 will behave similarly

« Strength gain for Mix 3 will be affected by cooler temperatures
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The Temperatures: A Bit Cool
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Blasting Ice Off of Slab
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Standard Construction Practices
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Mix #3 Was A Bit Different
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And Finishing
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Blanket Curing — No Heat
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Timing for the Tilt

= Based on compressive and flexural strength

« Minimum compressive strength 2,500 psi and minimum flexural
strength of 500 psi

« Field cured test cylinders and beams cured on top of panel
under blankets

« Maturity results available

= Targeting tilt for 3 days
= Mixes #1 and #2 were tilted as planned
«  Mix #3 was tilted at 7 days




Compressive Strength (psi)

TestAge e Mixa | Mixa | Mix3*

(days) Standard Field Maturity** Standard Field Maturity** Standard Field Maturity**

B - 5090 358 - 3710 3,150 : 90 650
3 R 5230 3,980 : 4,300 3,640 410 440 1,700
: 5,470 4,110 : 4420 3,820 : 390 2,400
B - 4,230 - - 3,990 - 950 2,930
5,500 : 4,350 5,290 : 4,160 830 1,760 3,570
: 6,050 : - 6,090 - - - -

“ 6,310 6,620 - 6,850 6,940 - 5,030 5,870 -

*Much colder temperatures at the southwest corner of the Panel 3 (location of the field cure cylinders) and inappropriate
handling of the cylinders at early ages likely caused significant compromise in the measured compressive strength.
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Slab-on-Ground Demonstration

Mix #1 — Control: Typical mixture used in datacenter applications
for SOG with 517 pcy ASTM C595 Type IL w/o SCMs

Mix #2 — 40% Slag Cement: Replace 40% of the Type IL with slag
cement ~ 37% reduction in embodied carbon

Mix #3: PLC/ASTM C1157: Replace 80% of Type IL with ASTM
C1157 cement ~ 49% embodied carbon reduction

Mix #4 — ASTM C1157: Replace 100% of Type IL with ASTM
C1157 cement ~ 61% embodied carbon reduction
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Site Location — 255 Melvin Drive, Northbrook,
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Laboratory Evaluation Program

= Fresh concrete properties

= Slump (range: 6 to 8 in; ASTM C143), air content (< 3.0%; ASTM C231), unit
weight (ASTM C138) and temperature (ASTM C1064)

= Setting time (ASTM C403), heat of hydration (ASTM C1702), and bleeding
potential (ASTM C232)

= Hardened concrete properties

= Compressive strength (ASTM C39), flexural strength (ASTM C78), drying
shrinkage (ASTM C157), coefficient of thermal expansion (AASHTO T 336), and
bulk resistivity (AASHTO T 402)
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Laboratory Results: Setting Time

Setting Mix 1 Mix 2 Mix 3 Mix 4
Initial Set 3:25 3:15 1:50 3:40
Final Set 4:30 4:55 3:20 9:40

Potential Challenges:

1.

2.

Initial set of Mix 3
Final set of Mix 4
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Laboratory Results: Bleeding
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Laboratory Results: Total Heat Generated (J/g)
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Summary of Laboratory Results

All mixes met specification requirements for plastic properties,
compressive strength, and drying shrinkage

All mixes were judged to be pumpable and placeable

Potential challenges related to the following:

1.

2.

3.

Bleed — Mix 3 and 4 have little to no bleed
Screeding — Will be difficult with Mix 3 and Mix 4, energy and timing
Delay in finishing expected for Mix 4, setting characteristics

Final Finishing may be difficult with Mix 3 and 4
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Standard Construction Practices

Pump Hopper Pumping Concrete
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Standard Construction Practices

Bull Floating
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And Finishing

Power Floating Power Troweling
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Field Evaluations — Comparison of Curing

= Compressive strength cylinders ~ 70 cylinders per mix
1. Standard Cure — moist cured per ASTM (C31
2. Field Cure — cured next to the slab in the same environment

3.  Match Cure — cured in an environmental chamber that
matches the temperature of the slab

Match Cure




Field Evaluations — Match Curing

103

98 —o—Mix 1 Slab ——Mix 2 Slab —o—Mix 3 Slab —o—Mix 4 Slab

- --Mix 1Cylinder — —Mix 2 Cylinder — —Mix 3 Cylinder — —Mix 4 Cylinder
93

Temperature (°F)

88

83

78

73

0 1 2 3 4 5 6 7 .
el

WIE -3 n

CONVENTIC ’ /.nmc reor mr (,mcm
St oo




Strength (psi)

Field Evaluations — Strength
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Slab on Ground Takeaways

= Casting for the ASTM C1157 based concretes were not ideal, but all mixtures
could be pumped, placed, and finished
Mix #2 (40% slag cement mixture) was the crew favorite
Mix #4 (ASTM C1157 mixture) was not popular
= Match curing was considered very successful
« Compared against field cured and lab cured
= Construction issues remained with regards to mixtures with the lowest
embodied carbon
Difficult to screed and finish
« Must sort out aesthetics
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Moving Forward

= With regards to strength, stiffness, shrinkage, abrasion, and
durability, low carbon mixtures had similar, if not improved,
behavior

= When it comes to construction, lower embodied carbon mixtures
are often different

= Empirical construction knowledge built up over decades might
not be completely applicable with regards to placing and
finishing these mixtures

= This is the largest barrier to success, and is a threat to
Innovation
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Moving Forward

40% carbon reduction is easily achievable today using increased
SCM content and lower cementitious materials content

= Concrete producer must rigorously control water

Laboratory testing should be expanded to include measuring and
reporting properties not commonly measured during mixture
proportioning including bleeding, set times, and heat generation

= Qualitative assessments of workability also needed

Small-scale demonstrations essential to ensure constructability
using project means and methods
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Thanks!

Questions?

Wiss, Janney, Elstner Associates, Inc.
330 Pfingsten Road, Northbrook IL 60062
WWw.wje.com

Todd Nelson Tom Van Dam
847-753-6583 tel 847-753-6583 tel
224-629-7043 cell 775-527-0690 cell
tnelson@wje.com tvandam@wije.com
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