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Project Delivery… The Value Chain

Type IL

Owner

Design Team

Structural Engineer

Architect

Mechanical Engineer

Electrical Engineer

Arch. Technologists

Interior Designer

Civil Engineer

Surveyor

Others, as needed

Geotech. Engineer
Concrete Producer

Orders Concrete

Material Suppliers

Provide products, 
solutions, and services

Hires

Wants…

Contractor

Contract 
Documents

• Drawings
• Project Specs.



Types of Construction Specifications

Type IL

• Performance

• Prescriptive

• Proprietary



Types of Construction Specifications: Prescriptive

Part 1 General
Provides an introduction, defines key terms, outlines the 
scope of work, and specifies submission guidelines and 
quality assurance standards.

Part 2 Products
Provides information about the materials, equipment, and 
products that will be used in the project.

Part 3 Execution
Describes the installation or application protocols, including 
preparation, examination, installation, and confirmation of 
performance standards.

Type I/II

The CSI 3-Part Specifications are 
contract documents that define the 

quality of Work Results for a 
construction project. 



Types of Construction Specifications: Performance

Addresses operational requirements of an 
installation.

Focus is on the project outcome, indicating 
how the final project must be able to function.

Architect

Provides guidance to general contractor

Limited authority during construction

General Contractor

Determines best path to achieve the desired outcome

Flexibility



Types of Construction Specifications: Performance

“A specification in which the requirements are 
stated in terms of required results with criteria 
for verifying compliance rather than specific 
composition, design, or procedure.”

ACI CT-23



Types of Construction Specifications: Proprietary

Demands the use of only one specific product 
for a given installation.

Used if the portion of a project requires a 
certain performance that only one product 
can achieve.

Can drive up project costs!



Types of Construction Specifications: “Open” or “Closed”

Open:

Specifier does not name a specific supplier or 
product.

Dictated by set of standards that more than 
one manufacturer can meet.

Does not limit competition.

Permits submittal of many alternatives for approval.

Allows for substitutions to be made by the 
contractor.

Ex. Performance Specification

Closed:

Lists specific products, systems & 
manufacturers.

Typically used when matching a spec to an 
existing structure, or when an exact duplicate 
is required.

No alternatives or mechanisms to apply a 
substitution.

Can be made “open” by adding “or equal.”

Ex. Proprietary Specification



Time for Reflection…

• Prescriptive?
• Performance??
• Proprietary???



Prescriptive- vs. Performance-Based Concrete Specifications

Prescriptive:

Defines a concrete mixture in terms of its 
constituents and their proportions.

A means to an end…

Minimum cementitious materials content

Maximum w/cm

Air content

Slump

Verified

Performance:

Defines a concrete mixture in terms of 
measurable plastic and hardened properties.

Does the concrete mixture satisfy the specified 
performance criteria?

The end is verified by measuring the 
specific concrete properties.

Sampling from either the truck chute (or point of 
placement)

Ideally, in-place.

Test methods and acceptance criteria must be 
clearly defined!



Prescriptive- vs. Performance-Based Concrete Specifications

 Owner / Owner’s Reps

 Contractor / Subs

Who is 
Responsible 

for the 
Project’s End 

Result?

Prescriptive:

Performance:

Hybrid?



Request for Information (RFI) Process is at Your Disposal

Use RFIs if 
specification 

requirements are 
unclear!

A formal, written process commonly used to clarify 
or request information about a construction project.

Plans
Specifications
Other Contract Documents

Use if following the plans or specifications may not 
satisfy the owner’s performance expectations.

https://www.bigrentz.com/blog/what-is-an-rfi



Request for Information (RFI) Process is at Your Disposal

Use RFIs to call 
attention to 

potential issues in 
a specification.

https://www.bigrentz.com/blog/what-is-an-rfi
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Durability of Concrete

“The ability of a material to resist weathering 
action, chemical attack, abrasion, and other 
conditions of service.”

ACI CT-23



Durability implies……

Increased service life

Minimal repair

Reduction in use of natural resources

Overall reduction in the carbon footprint of a structure

Durability is key to “Sustainability” in the construction 
industry

Benefits of Durability



Potential Concrete Durability Issues

Corrosion of Steel Reinforcement

Chemical Attack

 Alkali-Silica Reaction (ASR)
 Sulfates & Seawater
 Aggressive (Industrial) Chemicals

Freezing and Thawing

Other (ex. abrasion resistance, cracking)



The High Cost of Corrosion

2019 



The High Cost of Concrete Durability Issues

“At the Port Authority of NY & NJ, 
99.99999% of repairs for transportation 
infrastructure are due to durability NOT

compressive strength.”

Cas Bognacki (rtd)
Chief of Materials



Addressing Potential Concrete Durability Issues

Durability-Based Design
Achieve design service life with minimal repairs, if any!

Corrosion protection of steel reinforcement
Resistance to physical & chemical attack

Requires performance-based specifications & the 
development of appropriate durability test methods.



Performance-Based Specifications :  Concrete Mixture

Push for performance-based specifications 
spurred the adoption of Exposure Classes in 
ACI CODE 318  &  development of additional 
durability test methods. 



ACI 318-CODE-19 provides specific requirements 
for concrete for defined environmental exposure 
conditions.

min. f’c; max. w/cm; air content

Types of cementitious materials (cm) & their limits

Limits on initial Cl- content

Chapter 19 of ACI 318-19, covers the following 
exposure categories, each with classes:

F: Concrete exposed to cycles of freezing and thawing

S: Concrete exposed to water soluble sulfate

C: Conditions requiring corrosion protection of 
reinforcement

W: Concrete members in contact with water

SOURCE: PCA Design and Control of Concrete Mixtures 

ACI CODE 318 Durability Requirements for Concrete



The most 
stringent 

provisions 
govern!

ACI CODE 318 Durability Requirements for Concrete

Ref: Neville and Brooks, 1987



Note reference to 
corrosion-inhibiting 

admixtures (ASTM C1582)

ACI CODE 318 Durability Requirements for Concrete



FYI...  International Building Code (IBC) References ACI CODE 318



Trends that are Transforming the Concrete Industry

Increasingly, concrete structures are being 
designed for longer service lives!

Are the ACI CODE 318 Provisions enough?



ACI Durability Requirements for Concrete

Provisions in other documents may be more 
restrictive than the requirements in ACI CODE 318.

ACI 362.1R

6.1.2 Durability recommendations —Parking structures should meet the 
recommendations of the selected exposure zone in Tables 6.3.1.6a, 6.3.1.6b, 
6.3.2.2a, and 6.3.2.2b. Some recommendations in this guide are more restrictive 
than those of ACI 318-11. After selecting the appropriate exposure zone and 
construction type, the designer should reference the four tables in Section 6.3 and 
determine the minimum design criteria.



Performance-Based Specifications:  Concrete Mixture

Concrete Mixture:

Strength (compressive / 
flexural)

Modulus of Elasticity (MOE)

Permeability or Transport 
Properties

RCPT (ASTM C1202)
Chloride Diffusion Coefficient
Resistivity

Volume Change
Cracking

Chemical Reaction
Alkali-Silica Reaction (ASR)

Property Test Method

Compressive Strength ASTM C 39

Flexural Strength ASTM C 78

Modulus of Elasticity ASTM C 469

Permeability:

• RCPT ASTM C 1202

• Chloride Diffusion Coefficient ASTM C 1556

• Surface Resistivity AASHTO T 358

• Bulk Electrical Resistivity ASTM C 1876

Volume Change:

• Drying Shrinkage ASTM C 157

• Time to Cracking ASTM C 1581

Chemical Reaction:

• Alkali-Silica Reaction (ASR) ASTM C1260, C1567, C1293

Plan 
Ahead!

• Time

• May require 
specialized 
testing and 
expertise

• Cost



8-mile (12.9-km) Long Bridge

precast, post-tensioned segmental box girder structure

Tight construction schedule – 33 months!

35-year Build-Operate-Transfer contract

Design Criteria

Extended Service Life of 100 years  Deff specified!
(the first of its magnitude in Canada)

Durability Issues included:
Abrasion and impact of ice on the piers
Corrosion of reinforcement in a marine environment
Alkali-aggregate reactivity and sulfate attack
Freezing & thawing resistance / salt scaling 

Confederation Bridge; Prince Edward Island, Canada

1997



Corrosion Service Life Prediction Models

North America:

 Life 365TM (free)

 Stadium®

Links

http://www.life-365.org

http://www.simcotechnologies.com



Caltrans Requirements for Concrete in Corrosive Environment

75-year design 
life for bridges



Caltrans Requirements for Concrete in Corrosive Environment

https://dot.ca.gov/-/media/dot-media/programs/engineering/documents/mets/corrosion-
guidelines-a11y.pdf



Caltrans Requirements for Concrete in Corrosive Environment

https://dot.ca.gov/-/media/dot-media/programs/engineering/documents/mets/corrosion-
guidelines-a11y.pdf

Performance 
or 

Prescriptive?



Source: Thomas et al. (1999)

ASTM C1556 Migration Test Numerical Modeling

Design for Durability: Benefits of SCMs on Chloride Ingress



Corrosion Service Life Prediction Using Caltrans Options 

Materials
Section 90-1.02H Option

1 2 3 4

Portland Cement 75 75 88 50

Class F Fly Ash 25 20 - -

Silica Fume - 5 12 -

Slag Cement - - - 50



Life-365 Corrosion Service Life Prediction Using Caltrans Options 



What About Other Options?  Ex. Corrosion Inhibitors



What About Other Options?  Ex. Increased Concrete Cover



What About Other Options?  Contractor Option??

Under 
Consideration
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The Concrete Industry is Undergoing a 
Disruptive Transformation! 

How Are you Coping? 



Trends that are Transforming the Concrete Industry

Increased awareness that the embodied 
carbon of concrete must be reduced!

Embodied Carbon



Quantifying Sustainability…  EPDs

Source: ClimateEarth.com

“Nutritional” Label based 
on Environmental Factors!



Quantifying Sustainability…  EPD Baseline Values

It’s work in Progress!!!



EC3 – Where Design Professionals Go for EPDs! 

https://buildingtransparency.org/ec3/material-search



EC3 – Where Design Professionals Go for EPDs! 

https://buildingtransparency.org/ec3/material-search



Low-Carbon Concrete Policy Initiatives… Marin County, CA (2020)

https://www.stopwaste.org/sites/default/files/Marin%20County%20low-carbon-concrete-code.pdf



Big Drivers of the Movement:  American Concrete Institute (ACI)

https://twitter.com/ConcreteACI/status/1735687412892729454

ACI CODE-323 was open for public comment March 31, 2024, until May 15, 2024.



State & Federal Regulatory-Driven Embodied Carbon Goals

Governmental Carbon 
Reduction Programs are 
Gaining Traction

Should you be concerned???



GSA Embodied Carbon Requirements

Source: https://www.gsa.gov/cdnstatic/Horn_GBAC_Embodied%20Carbon.pdf



GSA Low Embodied Carbon Concrete Standards (2022)

Source: https://www.gsa.gov/cdnstatic/Horn_GBAC_Embodied%20Carbon.pdf



GSA IRA Low Embodied Carbon Concrete Requirements (2023)

Compliance Documentation 

 A product-specific Type III (third-party verified) 
Environmental Product Declaration (EPD) that:
 is based on the PCR used to develop these limits: 

NSF International’s Product Category Rule for 
Concrete (8/2021, version 2.1); and

 conforms with ISO 14025 and ISO 21930

Source: https://www.gsa.gov/system/files/Concrete%20-
%20GSA%20IRA%20Low%20Embodied%20Carbon%20Requirements%20%28Dec.%202023%29_508.pdf



GSA IRA Low Embodied Carbon Concrete Requirements (2023)

https://www.gsa.gov/real-estate/gsa-properties/inflation-reduction-
act/lec-program-details/lowembodied-carbon-projects

Source: https://carbonleadershipforum.org/gsa-funding-clean-construction/



Specifications for Low-Embodied Carbon Concrete (LECC)

Global Warming Potential (GWP) limit will most likely 
be specified in addition to compressive strength.

Third-party verified Product Specific Type III EPD in accordance 
with ISO 14025 must be submitted.

Other performance requirements might be specified.

Should not:

limit type of cement that can be used

place limits on cement content

limit SCM contents (except F3 Exposure)

limit w/cm, if not needed

Should consider an acceptance age for strength 
beyond 28-days.

56-days or later

Barriers in 
specifications must

be eliminated.

Use RFIs, if necessary



The Era of PLCs (Type 1L Cement)



Use of Blended Cements in U.S.

https://concreteproducts.com/index.php/2024/04/02/pca-all-state-dots-on-board-with-portland-limestone-cement/

PLC now 
approved by all 
50 State DOTs



Use of Blended Cements in U.S.

U.S. market share for 
PLC surpassed that of 

traditional portland
cement in June 2023.



Environmental Benefit of PLC

https://www.concreteconstruction.net/how-to/concrete-production-
precast/the-advantages-of-portland-limestone-cement_o

PCA Industry Average EPD

Type of Cement GWP (kg CO2 eq)

Type I/II 925

Type IL 855

Up to
10% reduction 

in GWP



Slower setting, low strength, cracking & other issues have been reported.

PLCs are the “Hot Topic” in the Concrete Industry Today!

https://ascconline.org/Home/News/articleType/ArticleView/articleId/325/Guidance-for-Concrete-Contractors-14-in-a-Series

Not all Type IL Cements are the same!



The Design Professional’s Role

Structural Efficiency

Durability

Sustainability

Resiliency

Constructability



Southbank, Chicago Project Specification



Project Specification vs. Contractor’s Performance Needs!

Here are the requirements of what McHugh typically requires. This is taken straight from their PO. This is for all of their jobs. Let me know if you have any questions

Seller will provide mixes that are workable, placeable and pumpable. Any alteration or modification to the mix designs necessary to achieve the requirements described 

herein in addition to field requirements not described herein are included. McHugh shall provide pumping and placing equipment that is adequate for its intended 

purpose and shall provide available information relative to the equipment to Seller if requested. 

Seller guarantees that concrete will be delivered at a minimum slump of 6.5” at the point of placement in the form. Seller includes additional superplasticizer or any 

other additives or changes to the mix as required to achieve such slump. Seller acknowledges that it is the intention of McHugh to place the majority of the concrete 

with pumps and placing boom.

Seller is aware of McHugh’s scheduling requirements including, but not limited to the requirements that McHugh be able to be perform initial finishing (floating) in 2 

hours, and final finishing (troweling) in 4 hours after the commencement of a slab pour without damaging the slab. Seller shall adjust the mixes at no cost to McHugh 

and in a manner selected by Seller and acceptable to McHugh, to conform to these scheduling requirements. The mix adjustments include the use of non-chloride 

accelerating admixtures at no additional cost to McHugh only if necessary to meet these scheduling requirements. To the extent that deliveries are not made at the 

requested delivery rate, the mix shall be adjusted to reduce the four hour duration as necessary to allow layout and forming activities to begin on schedule.

Seller is aware that it is the intention of the McHugh to strip forms from vertical elements including, but not limited to columns and walls, starting at 6am the morning 

after the pour and that these elements will generally be poured the afternoon prior to stripping. Seller includes adjustments to the mixes as required to meet these 

criteria.

• Slump Retention
• Initial Finishing
• Final Finishing
• Form Stripping



Low-Embodied Carbon Concrete Project 
Specifications should consider  

Contractor Requirements 



Perform Trials to Evaluate PLCs / 
LECCs & Identify Potential Issues!



Admixture Solutions for Low-Embodied Carbon Concrete (LECC)

Accelerating Admixtures (or Retarding Admixtures)

C-S-H Nanoparticle Strength-Enhancing Admixtures

Rheology Modifying Admixtures

Hydration-Stabilizing Admixtures
90-minute rule is gone!
ASTM C1798 permits reuse of returned fresh concrete



(Nominal cementitious materials content of 611 lb/yd3 [362 kg/m3] with 20 percent fly ash, w/cm of 0.47; 

CSH-based Strength-Enhancing Admixture dosage of 10 fl oz/cwt [650 mL/100 kg]) 

C-S-H Strength-Enhancing Admixture (SEA)



C-S-H Strength-Enhancing Admixture (SEA)

Control: Total binder content - 705 lb/yd3 [418 kg/m3] with 25% fly ash, 21% limestone powder, 0.39 w/cm;

C-S-H Admixture: Dosage of 7.3 fl oz/cwt [475 mL/100 kg], Total binder content - 629 lb/yd3 [373 kg/m3] with 

25% fly ash, 21% limestone powder, w/cm of 0.40



SEA Application:  Pier 27 Residential Building - Toronto, Canada

35-storey residential building completed Summer 

2019;

~ 32,700 yd3 (25,000 m3) of concrete;

3,900 yd3 (3,000 m3) of concrete optimized to 

achieve high-early strength in 16 – 18 h;
 lower cementitious materials content

 workable and pumpable; slump loss minimized

Received the “Material Development & Innovation 

Award” from Ontario Concrete Awards in Dec. 

2019.

Overall reduction in 
environmental footprint



Owner:  MAC Properties

Location:  St. Louis, MO

Architect:  Studio Gang Architects

Engineering Firm:  Magnusson Klemenic Associates

General Contractor:  Clayco

Concrete Contractor:  Concrete Strategies, LLC

Concrete Supplier:  Kienstra Co.

PT Concrete Mixture: 3K @ 24 hours; 7.5K @ 28 days

https://www.concrete.org/aboutaci/honorsandawards/awards/projectawards/p
astwinners/2022.aspx

https://liveat100.com/?utm_source=Google.com&utm_medium=Other&utm_campaign=Google
MyBusiness&utm_content=Website&utm_term=Button&rdnaLabel=GoogleMyBusiness

SEA Application:  100 Above the Park, St. Louis



SEA Application:  Concrete Paving

Hwy 287 Roadway Rehabilitation 

J Lee Milligan, Inc. – Producer and Contractor

TXDOT Project: 2019 - 2020

Donley County, Hedley TX

16,000 yd3

Two phases of 11” Continuously Reinforced Concrete Paving (CRCP)

Standard slip-formed 2” slump mixture with 458 lb/yd3 of portland

cement and 3.5% air content achieved breaks of 3200 psi in about 3 - 4 

days

SEA addition eliminated fly ash to avoid availability issues



Rheology Modifying Water-Reducing Admixtures

…for production of high-performance  
concretes with low viscosity. 



Rheology Modifying Water Reducers for Low-Viscosity Concretes

Rheological parameters determine how materials flow and move…

Concrete Properties Impacted

Workability
Stickiness/feel
Filling capacity
Passing ability
Mixture stability
Pumping
Placing
Handling
Finishing

Measured Parameters
- Static yield stress
- Dynamic yield stress
- Plastic viscosity
- Thixotropy



Standard Type 1L Concrete Mixture with RM Type A Admixture

Response to Pumping

2,000 psi 2,400 psi 

Pump Pressure Reduced by ~20%



Lignin-based MRWR RM Type A Admixture

Identical 4-in. (100-mm) slump FRC concrete mixtures vibrated for 10 s.

Response to Energy of Vibration



Quantifying Response of RM Admixture to Vibration

1-in. (25-mm) slump concrete vibrated for 10 s

Paving Admixture RM-HRWR
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Volume Flow Comparison

113% more volume!



Customer / Contractor Feedback

Interviews with paving contractor:

• “Noticeable difference on the edges – crispness and sharpness; 
it held the edge very well”

• “No issues with low-slump concrete; possible to consolidate 
zero-slump concrete.”

• “Noticeable better aggregate distribution in core sample 
possibility to reduce segregation.” 

• “Anticipated benefit with the use of difficult materials”



Extruded much easier 

Improved Flow

Reduced Energy Use

Smoother finish with 
noticeably fewer voids 
and imperfections

Reference Type 1L Mix RM Admixture Mix

RM Admixture Benefits

Solution for Harsh and 
Sticky Concrete Mixtures



Synergistic Performance
Improved placement (and strength)

Improved surface finishing

Faster placement in paving machine

Higher early strengths without accelerating 
time of set 

Earlier opening to traffic

Ability to utilized lower quality aggregates

Possible improved air-void with MasterEase

Lower w/cm  improved durability

Cost savings with cement reduction

Lower CO2 footprint with cement reduction





Prescriptive- vs. Performance-Based Concrete Specifications

Prescriptive:

Defines a concrete mixture in terms of its 
constituents and is a means to an end.

Minimum cementitious materials content
Maximum w/cm
Air content
Slump
Verified

Doesn’t guarantee required performance.

Hinders innovation!

Performance:

Defines a concrete mixture in terms of 
measurable plastic and hardened properties.

The end is verified by measuring the specific 
concrete properties.

Test methods and acceptance criteria must be 
clearly defined!

Promotes Innovation

Use RFIs if specification 
requirements are unclear!



Specifications for Low-Embodied Carbon Concrete (LECC)

Global Warming Potential (GWP) limit will most likely 
be specified in addition to compressive strength.

Third-party verified Product Specific Type III EPD in accordance 
with ISO 14025 must be submitted.

Other performance requirements might be specified.

Should not:

limit type of cement that can be used

place limits on cement content

limit SCM contents (except F3 Exposure)

limit w/cm, if not needed

Should consider an acceptance age for strength 
beyond 28-days.

56-days or later

Barriers in 
specifications must

be eliminated.

Develop EPDs for your Mixes!



Performance-Based Specifications:  Concrete Mixture

Concrete Mixture:

Strength (compressive / flexural)

Modulus of Elasticity (MOE)

Permeability or Transport 
Properties

RCPT (ASTM C1202)
Chloride Diffusion Coefficient
Resistivity

Volume Change

Cracking

Chemical Reaction

Alkali-Silica Reaction (ASR)

GWP

3rd-Party Verified Type III EPD

Property Test Method

Compressive Strength ASTM C 39

Flexural Strength ASTM C 78

Modulus of Elasticity ASTM C 469

Permeability:

• RCPT ASTM C 1202

• Chloride Diffusion Coefficient ASTM C 1556

• Surface Resistivity AASHTO T 358

• Bulk Electrical Resistivity ASTM C 1876

Volume Change:

• Drying Shrinkage ASTM C 157

• Time to Cracking ASTM C 1581

Chemical Reaction:

• Alkali-Silica Reaction (ASR) ASTM C1260, C1567, C1293

Plan 
Ahead!

• Time

• May require 
specialized 
testing and 
expertise

• Cost



Low-Embodied Carbon 
Concrete Project Specifications 

should consider  
Contractor Requirements 

A Balance is Needed!

• Slump Retention
• Initial Finishing
• Final Finishing
• Form Stripping
• Post Tensioning
• Strength Development



For a Successful Low-Embodied Carbon Concrete Project…



Thank You!

Dr. Charles Nmai, PE, M.ASCE, FACI
Master Builders Solutions US Admixtures, LLC
Email: charles.nmai@masterbuilders.com
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