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In New York…Concrete jungle where dreams are made of

- Jay Z and Alicia Keyes

Empire State of Mind
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PEM  = Performance Engineered Mixtures

Concrete Mixtures that are engineered to meet or exceed the design 
requirement, are predictably durable, with increased sustainability.  Designed 
by Contractor/Producer.

- National Concrete Pavement Technology Center (CP Tech Center)

What is PEM?
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Why PEM, why now?

 Existing Concrete Specifications (Section 501) “outdated”

 Closer alignment with AASHTO Design standards

(4000 psi design strength) and other NYS Agencies

 Improved Long Term Concrete Performance

 Taking better advantage of Contractor/Producer experience/innovation

 Required Compliance with State Legislation:
 Executive Order # 22 Required Embodied Carbon Guidance (June 2023)
 Buy Clean Concrete Guidelines (Sept. 2023) 
 Establishment of emissions limits on concrete used in state-funded 

public building and transportation projects
 Portland cement is on all the greenhouse gas lists
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How PEM Started in New York

 To address design 
strength needs greater 
than 3000 psi & longer 
service life 
 Kew Gardens
 Hunts Point
 Van Wyck Expwy
 Grand Central 

Parkway

Design Build Project – Special Provisions (SP-9)
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501 Pilot Project Initiative  

 Special Specification 
 Supersede Standard Concrete Specifications 
 Standard Construction items
 Both Structural and Pavement

 PEM Mixture design requirements & performance criteria 
 Contractor/Producer QC requirements for production and supply
 Acceptance based on Strength/Air Content

 Informational testing of SAM & Surface Resistivity
 Found design SAM Number < 0.2 rarely above 0.3 in field

 Lump Sum Pay Item
 For Mix Design, QC Plan development, and Plant/Field QC 

Testing for production and delivery of PCC 
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NYSDOT Regions
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PEM Pilot Project experience

 Region 1 – (2) pilot projects
 Region 2 – (2) pilot projects
 Region 3 – (1) pilot project
 Region 4 – (1) pilot project - PCC Pavement 
 Region 5 – (1) pilot project
 Region 6 – (1) pilot project
 Region 7 – (2) pilot projects
 Region 8 – (1) pilot project - PCC Pavement 
 Region 9 – (2) pilot projects done, (1) still in construction
 Region 10 – R10 Producer supplying PEM to R11 DB Project  
 Region 11 – (5) DB projects
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PEM Trial Project Experience: Compressive Strength 

 Compressive strength w/ reduced paste content and optimized aggregate gradation compared 
well to Standard Class mixtures - Cement content typically reduced by 10-15% (roughly 40-75 
lbs/cy depending on the application). 

 Mixes consistently demonstrated ability to achieve 5000+ psi in 28 days.
 D264040 – 5500 psi (92% above 4000 psi)
 D264350 – 5550 psi (96% above 4000 psi)
 D264561 – 5455 psi (100% above 4000 psi)
 D264366 – 5760 psi (100% above 4000 psi)
 D264331 – 7260 psi (100% above 4000 psi)

 NYSDOT Standard Class HP over the 3 years before PEM:
 5278 psi - 99.5% above 3000 psi
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PEM Trial Project Experience: Surface Resistivity 

 NYSDOT initially tested over 1400 sets of Standard Class 
HP cylinders that showed an average 28-day age Surface 
Resistivity of 39 kΩ-cm. 

 For PEM pilot projects:
 Average Surface Resistivity testing conducted at 28-

day age (sub/superstructure application)
 34.5 kΩ-cm avg

 In some instances, the 28-day age Surface Resistivity 
results did not meet the 30 kΩ-cm requirement, 
however when carried out to 56 day-age the results 
met and/or exceeded the requirement. 
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PEM Trial Project Experience: Sustainability Benefit

 Optimized aggregate gradation and reduced cement demand per cubic yard 
add up to significant reductions on a project level.

 D264040:  38,850lb or 19.4 ton reduction in cement vs. Standard Class Mixes
 D264331:  17,064lb or 8.5 ton reduction in cement vs. Standard Class Mixes 
 D264350:  82,860lb or 41.4 ton reduction in cement vs. Standard Class Mixes 
 D264366:  27,300lb or 13.7 ton reduction in cement vs. Standard Class Mixes 
 D264564:  49,440lb or 24.7 ton reduction in cement vs. Standard Class Mixes  
 D264561:  61,080lb or 30.5 ton reduction in cement vs. Standard Class Mixes
 D264630:  70,618lb or 35.3 ton reduction in cement vs. Standard Class Mixes
 D264871:  42,551lb or 21.3 ton reduction in cement vs. Standard Class Mixes
 D264882:  255,821lb or 127.9 ton reduction in cement vs. Standard Class Mixes
 D264988:  16,308lb or 8.2 ton reduction in cement vs. Standard Class Mixes
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Lessons Learned 

 Gaining familiarity and understanding of Spec requirements and roles/responsibilities of 
Contractor/Producer/DOT.

 Need to account for longer timeframe to develop initial mix design and perform trial batches, 
obtain test results etc.

 Contractor acclimation to new mix workability/finishing (witnessing trial batching).

 Coordination of QC activities between Batch Plant / Project Site and Testing Firms.  

 Curing and handling of cylinder test samples is very important. 
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Newly Updated Standard Specifications

 Transmitted via Engineering Instruction 23-032 -
Revisions to the Standard Specifications for 
Portland Cement Concrete (PCC) Production and 
Placement
 Signed December 2023
 Effective for all projects let on/after 5/1/24
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Updated Standard Specification Sections
 501 - PORTLAND CEMENT CONCRETE - GENERAL 
 502 - PORTLAND CEMENT CONCRETE PAVEMENT 
 503 - PORTLAND CEMENT CONCRETE FOUNDATION FOR PAVEMENT 
 551 - DEEP FOUNDATION INSTALLATION AND TESTING 
 552 - EXTERNALLY STABILIZED CUT STRUCTURES 
 554 - FILL TYPE RETAINING WALLS 
 555 - STRUCTURAL CONCRETE 
 557 - SUPERSTRUCTURE SLABS, SIDEWALKS ON BRIDGES, AND 

STRUCTURAL APPROACH SLABS 
 562 - REINFORCED CONCRETE THREE-SIDED STRUCTURES 
 567 - BRIDGE JOINT 
 569 - PERMANENT CONCRETE TRAFFIC BARRIER FOR STRUCTURES 
 579 - STRUCTURAL SLAB RECONSTRUCTION PREPARATION 
 582 - REMOVAL AND REPLACEMENT OF STRUCTURAL CONCRETE 
 584 - SPECIALIZED OVERLAYS FOR STRUCTURAL SLABS 
 602 - REHABILITATION OF CULVERT AND STORM DRAIN PIPE 
 604 - DRAINAGE STRUCTURES 
 606 - GUIDE RAILING, MEDIAN BARRIER, AND CONCRETE BARRIER 
 607 - FENCES 
 608 - SIDEWALKS, DRIVEWAYS, BICYCLE PATHS, AND VEGETATION 

CONTROL STRIPS 
 609 - CURB AND CURB & GUTTER 
 619 - WORK ZONE TRAFFIC CONTROL 
 624 - PAVED GUTTERS 
 625 - SURVEY OPERATIONS 
 644 - OVERHEAD SIGN STRUCTURES 
 645 - SIGNS 
 654 - IMPACT ATTENUATORS - PERMENANT 
 663 - WATER SUPPLY UTILITIES 
 670 - HIGHWAY LIGHTING SYSTEM 
 680 - TRAFFIC SIGNALS 
 701 - HYDRAULIC CEMENTS 
 704 - MASONRY UNITS 
 710 - FENCE AND GUIDE RAIL 
 718 - PRESTRESSED CONCRETE UNITS 
 729 - TEMPORARY TRAFFIC CONTROL DEVICES 
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PEM PCC Program Specification Documents

501 Standard 
Specification

MP 501-1

MP 501-2

MP 501-3

MP 501-4

MP 502-1

 New Standard Specification Section 501 - Portland Cement Concrete Production with corresponding 
new Materials Procedures (MP)

 MP 501-1 Plant Production Requirements & Procedures for Portland Cement Concrete (PCC) 
Facilities

 MP 501-2 - Mix Design & Approval Procedure for Performance Engineered Mixtures – Structural 
Concrete
 MP 502-1 Design & Approval of Performance Engineered Mixes for Concrete Pavement

 MP 501-3 - Quality Control – Plant and Field Inspection for Portland Cement Concrete (PCC) 
 MP 501-4 - Quality Assurance - Field Inspection of Portland Cement Concrete
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Materials Procedure (MP) 501-1 
PCC and Plant Production Requirements
 Directed to the “Producer” and outlines their responsibilities.
 All PCC Production facility requirements are located here.
 NRMCA and/or Self Certification with DOT Audit/Verification. 

Effective January 1st, 2025:
 Each permanent PCC Production Facility shall have a minimum of two 

approved Performance Engineered Mixtures (PEM) designed and able to 
supply to remain on the Department’s Approved List.
 One mixture design shall be for a 555/557 use application 

(Substructure/Superstructure) and the second mixture design at the 
Producer’s option. 

 Producers which do not meet these requirements will only be approved 
to supply contracts awarded prior to 5/1/24 that utilize Standard Class 
Mixtures.  For such projects, Department inspection will continue at 
both the Plant and Field / Project site.  
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Materials Procedure (MP) 501-2 & 502-1
PEM Mix Design & Approval (Structural & Concrete 
Pavement)

 Directed to the “Mix Designer”  (Producer and/or Contractor)
 Mix design performance criteria and related requirements are 

located here
 Mixture Design, Evaluation, and Submission Process
 SCC Trial Criteria
 Extended Haul Time Evaluation Procedures
 Up to 120 min time to discharge allowed for mixtures 

which utilize water reducing and retarding admixture 
 Evaluation at 30 min. time increments 
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Prescriptive PEM  
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MP 502-1 For PEM Pavement
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Concrete Mix Design Submittal

 Trial batches are required for initial mix approval
 Approval lasts until the mix undergoes a change
 Mix design needs to be submitted 60 days prior to placement

 Goal was to have producers with mixes on the shelf
 NYSDOT has been helping producers

 Offering comments or advice prior to a trial
 Assisting at the trial with SAM and SR testing
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Concrete Mix Design Submittal
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Quality Control and Quality Assurance

 Quality Control is outlined in MP501-3
 QC at the plant
 QC at the field
 Job is to ensure quality concrete is being produced

 Quality Assurance is outlined in MP 501-4
 QA is always in the field
 QA is acceptance
 Payment is based on QA test results
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Materials Procedure (MP) 501-3
Quality Control – Plant and Field Inspection for PCC

 Directed to the “Contractor”
 QC Testing requirements are located here
 Minimum frequencies – Same as Pre-PEM
 Moistures / Gradations 
 Field Testing
 QC Plan requirements 
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MP 501-3

 QC Site Responsibilities
 ACI Certified
 Truck revolutions and haul times
 Correct mix delivered to site
 Concrete temperature, slump, air, and unit weight
 Cylinders if needed for early open or form removal

Cylinders are sets of three for 4”x8” compression
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MP 501-4

 QA Site Responsibilities
 ACI Certified or NYSDOT In-House Certified
 Two types of acceptance
 Cylinder Series - Air, Temperature and 

Cylinders (compression & SR)
 Control Series - Air and Temperature

 Based on the item and ability to cure properly
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MP 501-4  Quality Adjustment
PCC Quality Adjustments introduced – as similar to our Asphalt Program.

Compressive Strength and Surface Resistivity testing results are applicable to Quality Adjustments, in 
accordance with Section IX of MP 501-4 and Section 501-5 of the Standard Specifications:
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 Prices currently vary

 Need more time to develop accurate cost data

 Costs were expected to go up - price now includes QC

 Wide range of pricing similar to the roll out of Class HP

 Producers need time to get more comfortable

Cost per yard
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NYSDOT PEM Specification

How is it performing?
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PEM Performance – Structural Concrete 

 As of March 6, 1158 sets of PEM cylinders were tested

 94.7% compression sets were above 4000 psi

 28-Day strengths averaged 5475 psi
Maximum: Two sets broke over 10,000 psi
Min: 2300 psi
Only 28 sets were below 3600 psi (97.6% pass / adjustment range)
Other than 6 outliers, all were above 3000 psi

 Air content averaged 7.0%

PEM is Performing Well in Compression
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PEM Performance – Structural Concrete 

 As of March 6, 1094 sets of PEM cylinders were tested

 94.8% of SR sets were above targets (1037 sets)

 Of the 5.2% that did not meet the target, all but 2 were within 70% of the 
SR target 

 In line with compression testing passing rate

PEM is Performing Well in Surface Resistivity
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PEM Performance – Pavement Concrete 

 118 sets have been tested in Compression

 97.5% were above 4000 psi at 28 days

 100% were above 3000 psi at 28 days (target)

 93 sets were tested for Surface Resistivity
 91 sets exceed target (97%), 2 were just below target

PEM is Performing Well in Pavement
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Was Switching to PEM really THAT perfect?
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Unfortunately, No

 Until recently, three scaling sidewalks could be explained
 Mobile mixer issues with unstable air
 A specific mix with low workability/finishing issues

 The weather got warm and all the snow melted
 Reports of spalled sidewalks in three Regions on several projects
 Multiple producers and multiple contractors
 Investigation has just begun

 Worth noting, sidewalk scaling is an issue in NYC this spring
 They do not use our specs
 They pour a lot of sidewalks, same mix for years
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Same Project, Same Mix, Same Contractor
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Previous Class Mix – Also Last Year
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Ongoing Forensic Investigation

 Most Issues in 2 of 11 Regions so far
 Multiple mixes from multiple producers
 Multiple contractors/concrete finishers
 Going through tickets, placement dates, mix designs
 Will be taking cores for petrography
 An Engineer in Buffalo noted the Region’s best performing sidewalks 

were:
 Late season placements 

 Quick and heavily application of curing compound

 Blanketed 
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Bailey on her personal couch
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Jon Kunin, PE
NYSDOT Office of Technical Services - Materials Bureau

Jonathan.Kunin@dot.ny.gov

Questions?

mailto:Dan.Dennis@dot.ny.gov
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