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Panel: Pre-construction Planning for
Sustainable Concrete using PLC
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Indiana

University
Selects Concrete |
to Meet Carbon ' b Spring 2024

Reduction Goals
tive Vico Prok = NRMCA’s 2023 Concrete

Executive Vice President,
Structures and Sustainability - . - .
Innovation Award finalist

Concrete InFocus magazine
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Ferguson International Center

IU’s Hub for International Engagement
40,000 square-foot, four story building

IU’s Climate Action Plan - carbon neutrality by 2040
Utility Grid
Infrastructure
Renewables
Behavior
Financing
Implementation

Substantially reduced project cost & Carbon footprint
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Ferguson International Center

Owner:
Indiana University
Location:

Bloomington, Indiana
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Design and Construction Team

Architectural Firm:
Thomas Phifer & Partners
Structural Firm:

American Structurepoint

‘\ General Contractor:

'ﬂ.lllII““\“““ 8 Weddle Bros. Building Group
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Project Schedule
Foundation Start:
June 2021
Concrete Top Out:
January 2022
Substantial Completion:
December 2022
5%
W( www.nrmca.org | National Ready Mixed Concrete Association | #cworks24 EaﬁCRErEWORKS
6

Attendee Use Only — Not for Reproduction or Distribution Without Express Permission



NRMCA’s ConcreteWorks 2024

October 10 — October 14 | Aurora, CO

Unique Project Design
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Post Tension — Architectural Concrete
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Unique Project Design
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Mies Van Der Rohe - Building across the street from TPP
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Unique Project Design

Formwork Design / Matching Window Mullions

False tie spckets

AR

W( wwwwwwwwww g | Nat | Ready Mixed Co te As tion | #cworks24 EaﬁCRErEOﬁk‘s
9
Unique Project Design
Compass Point Columns
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Challenges For Construction

_.f! . ,!‘ R i o i i Concrete Mix
- Color

- Structural Strength
for Post Tension

- Interior and Exterior
Structural Mix

- Concrete Maturity
Sensors
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Design Challenges

Color:
* Prescriptive - white cement, white aggregate, white color
* 4000 psi - Architectural walls
* 6000 psi - Post tensioned Exposed cantilever beams
¢ Both to match in color

Strength:
* PT Decks 3000 psi to stress tendons

Hot & Cold Weather:
e Maturity Testing

Heated under the decks in cold weather to maintain early strength gain
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Concrete Mix Designs

Architectural Walls:
* Used 5000 psi design and added strength enhancing admixture to achieve 6000 psi
* 658 Cementitious w/ 22% Slag
* Air entrainment, High-Range Water Reducer, Shrinkage Reducing Admixture, Waterproofing Admixture, strength
enhancing admixture
* Controlled w/c ratio for color consistency
PT Decks:
* Interior non-air entrained mixture with 20% Class F fly ash
» Exterior air entrained mixture with 22% slag
-Same mix used in architectural concrete
-Both mixes poured simultaneously
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Trial Batching
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Trial Batching
Color: —
° 35+ Trlal batches (OPC) 564 & (OPC) 564 + SRA
(OPC) 752 & (OPC) 752 + SRA
¢ Switched from OPC to PLC (1L) Round 2
IOPC & PLC
¢ Optimized cement content for Architectural Concrete for color Round 3
P PLC 752 40% Slag 0.41 w/c ratio
¢ Optimized Slag Replacement for color oL 752 40% Sag 0.43 w/c ratio
* Optimized w/c ratio to finalize color Round 4
. L. . . PLC 658 30-40-50% Slag
* Admixture efficiencies (water reducers, air entrainment) Round 5
* Mixer Truck test batches E;E::SG 15%22%25% Slag
e Test slabs at plant PLC 658 22% Slag 0.41-0.44-0.47 w/c ratio
Strength:
e Maturity
* Established Maturity Curves for Architectural Concrete
* Established Maturity Curves for Interior PT Concrete
* Avoided pre-mature stressing of tendons in winter conditions
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Mock-Ups

*Refined consolidation methods
*Refined form release application methods
*Tested different methods to cover PT pockets
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Placement Challenges

*Controlled environment in winter by encapsulating deck and providing heat.
*Utilized Moisture Probes on aggregate to ensure consistent w/c ratio
*Utilized mixer truck technology to aid in controlling air content, slump, w/c ratio
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Placement Challenges

Exterior PT Deck pe
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Past Present
Introduction of PLC K4 - First production 2023
GWP - Type IL 1049 kg Co2e Over 54,000 yd3 of Type IL used

(Type II 1093 kg Co2e) More efficient — lower CO2
GWP - Type IL 798 kg - Co2e
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Future

CCs

$500 million in funding from the DOE (2023)

Capture 2 million tons of CO2 per year

Projected GWP — 0 Co2e
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Production Energy per ton of Powder
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Energy Consumption per yd? of Concrete
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Example fineness trends:
PLC vs. Clinker and Limestone component fractions
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Particle packing
Improved particle size distribution

Why Limestone Works?

——OPC, 370 m2/kg Blaine
——PLC, 520 m2/kg Blaine
——PLC, 550 m2/kg Blaine

Volume (%)
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Particle Diameter (um)

100

E ( www.nrmca.org | National Ready Mixed Concrete Association | #cworks24

AL

XN ..
CONCRETEWORKS

24

Attendee Use Only — Not for Reproduction or Distribution Without Express Permission



NRMCA’s ConcreteWorks 2024

Why Limestone Works?

Nucleation
Surfaces for precipitation of CSH

October 10 — October 14 | Aurora, CO
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Analytical evaluation of limestone-aluminate interaction
Chemical Reactions
« Only a minor contributor,
but small amounts of
carbo-aluminate phases
in the CSH paste have
‘ been found
85 90 95 100 108 1.0 15 120
2Theta (%)
60% OPC-2a and 40% Class C fly ash
XRD Diffractograms: evolving mineralogy differences,
OPC and PLC mixtures with 40% Class C fly ash
Legend:
Ett - Ettringite
Ms - Monosulfoaluminate
Hc - Hemicarboaluminate
Mc - Monocarboaluminate
Ms-Hc(ss) - Monosulfoaluminate-Hemicarboaluminate solid solution
Key point: synergistic _strquth be:_1efits are, in large p:art, the result of
Rs o Py . g Toh |( 75 T T documented chemical interaction & crystal formation
eta (%)
60% PLC-2a and 40% Class C fly ash ‘
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Color

+b = 200
(Yellow)

-a= 500
(Green)

wwwwwwwwwwww

L=0
(White)

L =100

CIE Lab

+a=50C
(Red)

-b=- vl
(Blue)

(Black)

samples

B 3 D

olor

Concrete

Mitchell OPC/T-II

L 58.96
A -0.66
B 471

Mitchell EcoCemPLC
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Material Suppliers
GC

Concrete Subcontractors

Partnership and communication between all
parties involved are crucial

- Engineer
- Architect
- Owner
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