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2016 – The Beginning of the Journey
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Where to start?

▪ American Concrete Institute (ACI)
▪ Collection of Concrete Codes, Specifications, and Practices

▪ Portland Cement Association (PCA)
▪ Design and Control of Concrete Mixtures

▪ American Association of State Highway and Transportation 
Officials (AASHTO)
▪ AASHTO PP 84 (2016) Developing Performance Engineered Concrete 

Pavement Mixtures 

▪ National Concrete Consortium (NC2)
▪ Spring 2017 Salt Lake City, UT
▪ Spring 2019 Denver, CO
▪ Integrated Materials and Construction Practices for Concrete Pavement:  A 

State-of-the-Practice Manual (2019)
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What concepts were learned?

▪ Constituent Materials
▪ Update cementitious materials, aggregate, and chemical admixtures

▪ Add mixing water and fibers

▪ Mix Design Formulation
▪ Remove minimum total cementitious contents, slump targets, silica 

fume content for high performance concrete, and other prescriptive 
measures. Let the Producer determine these targets!

▪ Update air content targets and w/cm targets

▪ Add combined aggregate system and paste system requirements
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What concepts were learned?

Concrete 

Strength (28-

Day)

Coarse 

Aggregate 

Size

Minimum Cement 

Content (lbs/yd³)

2,500 psi 1½ in. 425

¾ in. 470

⅜ in. 520

3,000 psi 1½ in. 470

¾ in. 520

⅜ in. 565

3,500 psi 1½ in. 520

¾ in. 565

⅜ in. 610
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Concrete 

Strength (28-

Day)

Coarse 

Aggregate 

Size

Minimum Cement 

Content (lbs/yd³)

4,000 psi 1½ in. 565

¾ in. 610

⅜ in. 660

5,000 psi 1½ in. 660

¾ in. 705

⅜ in. 760



What concepts were learned?
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Concrete Type Slump (inches)

Mass Concrete 2 ± ½ in.

Exposed Bridge Deck Concrete 2.5 ± ½ in.

Reinforced Concrete 3 ± 1 in.

Very Constricted Placement Conditions 4 ± 1 in.

Pump Concrete 4 ± 1 in.

Tremie Concrete 6 ± 1 in.

Drilled Shaft Concrete (Permanent casing or dry 

uncased placement)
5 ± 1 in. 



Coarse Aggregate Size Entrained Air Content (%) ±1.5

1½ inch 5.0%

¾ inch 6.0%

⅜ inch 7.0%
Notes:

• Severe Exposure: Concrete exposed to severe environments (e.g., bridge decks, freeze-thaw) 

should be 4,000 psi with 7.0% ±1.5% entrained air.

• Drilled Shafts: Concrete for drilled shafts requires 4.0% ±1.5% entrained air

• All concrete must include a water-reducing admixture.

What concepts were learned?
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What concepts were learned?
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Additive Type Specification Notes

Air-Entraining Admixtures AASHTO M 154M / M 154
Required for proper air 

entrainment.

Retarders AASHTO M 194M / M 194 Used to delay setting time.

Water Reducers AASHTO M 194M / M 194
All concrete must include a water-

reducing admixture.

Calcium Nitrite Corrosion Inhibitor AASHTO M 194M / M 194

Must be 30 ± 2% calcium nitrite by 

weight; dosage: 3 gal/yd³ of 

concrete to raise chloride 

corrosion threshold to 9.9 lb/yd³ at 

rebar level.

These are all the 

admixtures available?

What about ASTM C1582?



What concepts were learned?

▪ Performance Testing
▪ Remove 90-day ASTM C1202 Rapid Chloride Ion Penetration Test

▪ Add AASHTO T 19 Aggregate Void Content, AASHTO T 121 Unit 
Weight, and 28-day AASHTO T 358 Chloride Ion Penetration 
Resistance testing

▪ Add limits (allowable tolerances) unit weight, slump, and air content 
targets

National Concrete Consortium - Fall 2025 10



Implementation of learned concepts

▪ Present learned concepts to Producers

▪ Develop standard automated Excel workbook for 
Producers to report their mix design formulations
▪ RMS 043 Cement Concrete Mix Design Sheet.xlsm

▪ Create web-based submission portal (SharePoint) for 
Producers to submit required items

▪ Require Producers to submit the RMS 043 Cement 
Concrete Mix Design Sheet.xlsm for review and approval

▪ Maintain an open dialogue with Producers

National Concrete Consortium - Fall 2025 11



Highway Core Curriculum (2024 – 2025) 12

Im
p

le
m

e
n

ta
ti

o
n

 o
f 

C
o

n
c
e
p

ts
 L

e
a

rn
e
d

Sheet ID No.

24-02-12-06-48-18

ID No.

01

+

+

Mix Design No.

24-02-12-06-48-18-01

=

=

Design Targets for Production Testing

Combined Aggregate and Paste System



Mix Design “Solver” Optimization
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2025 – Completion of Modern 
Concrete Specifications 

A National Concrete Consortium Success Story
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M4: Cement Concrete and Related Materials

Section Title

M4.00.0 General

M4.01.0
Constituent Materials and Mix Design 

Formulations of Cement Concrete

M4.02.0
Concrete Produced by Stationary and 

Truck Mixed Methods

M4.03.0
Concrete Produced by Volumetric 

Mixers

M4.04.0
Cementitious, Grout, Mortar, and 

Concrete Bagged Products

M4.05.0
Brick, Block, and Drycast Segmental 

Retaining Wall Units

M4.06.0 Cement Concrete
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Section Title

M4.07.0 Elastomeric Concrete

M4.08.0 Controlled Low-Strength Materials

M4.09.0
Precast, Prestressed, and 

Prefabricated Concrete

M4.10.0 Epoxy Resin Adhesive Products

M4.11.0 Evaporation Reducing Materials

M4.12.0 Curing Materials

M4.13.0 Protective Sealing Compounds



M4.01.1: Cementitious Materials
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Specification Material

AASHTO M 85 Portland Cement

AASHTO M 240 Blended Hydraulic Cement

ASTM C1600
Rapid Hardening Hydraulic 

Cement

ASTM C1157
Performance-Based Hydraulic 

Cement

ASTM C1948
Alkali-Activated Cementitious 

Materials

Specification Material

AASHTO M 295 Coal Ash

AASHTO M 302 Slag

AASHTO M 307 Silica Fume

ASTM C1945 Natural Pozzolans

AASHTO M 321 High Reactivity Pozzolans

ASTM C1866 Ground-Glass Pozzolans

ASTM C1697
Blended Supplementary 

Cementitious Materials



M4.01.4: Chemical Admixtures
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Specification Type Description

AASHTO M 194 A Water Reducing

AASHTO M 194 B Retarding

AASHTO M 194 C Accelerating

AASHTO M 194 D Water Reducing and Retarding

AASHTO M 194 E Water Reducing and Accelerating

AASHTO M 194 F High Range Water Reducing

AASHTO M 194 G High Range Water Reducing and Retarding

AASHTO M 194 AF Mid-Range Water Reducing

AASHTO M 154 AEA Air-Entraining



M4.01.4: Chemical Admixtures
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Specification Type Description

AASHTO M 194 S-AWA Anti-Washout

AASHTO M 194 S-CNA Carbon Nanotube

AASHTO M 194 S-CRA Crack Reducing

AASHTO M 194 S-PRAN
Permeability Reducing 

(Non-Hydrostatic)

AASHTO M 194 S-PRAH
Permeability Reducing 

(Hydrostatic)

AASHTO M 194 S-RCA Rheology Controlling

AASHTO M 194 S-SEA Strength Enhancing

AASHTO M 194 S-SCA
Shrinkage 

Compensating

AASHTO M 194 S-SRA Shrinkage Reducing

AASHTO M 194 S-VMA Viscosity Modifying

AASHTO M 194 S-WRA Workability Retaining

Specification Type Description

ASTM C1882 M-AWA Anti-Washout

ASTM C1582 M-CIA Corrosion Inhibiting

TDS M-CSA Colloidal Silica

TDS M-BA Bonding

ASTM C979 M-CA Coloring

ASTM C1622 M-CWA Cold Weather

ASTM C869 M-FA Foaming



M4.01.6: Mix Design Formulation

▪ Global Warming Potential

▪ SCM Content for Enhanced Durability and Sustainability

▪ Equivalent Cement Content for DEF and Thermal Cracking 
Resistance

▪ Alkali Silica Reaction Resistance

▪ Sulfate Reaction Resistance

▪ Corrosion Resistance of Steel Reinforcement

▪ Shrinkage Resistance

▪ Water, Freezing, Thawing, and De-icing Resistance

▪ Combined Aggregate System

▪ Paste Content and Mix Design Void Content
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M4.06.0: Cement Concrete
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Specification Type Description

M4.06.1 CC Conventional Concrete

M4.06.2 HPC
High Performance 

Concrete

M4.06.3 HESC
High Early Strength 

Concrete

M4.06.4 RHC
Rapid Hardening 

Concrete

M4.06.5 LWC Lightweight Concrete

M4.06.6 SCC
Self-Consolidating 

Concrete

Specification Type Description

M4.06.7 ESC Exterior Slab Concrete

M4.06.8 PC Pavement Concrete

M4.06.9 MPC
Mass Placement 

Concrete

M4.06.10 FRC
Fiber Reinforced 

Concrete

M4.06.11 UHPC
Ultra-High Performance 

Concrete

M4.06.12 SHOT Shotcrete

M4.06.13 UWC Underwater Concrete

M4.06.14 DC Drycast Concrete



M4.06.8: Pavement Concrete
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Test Method Quality Characteristic Min. Max.

AASHTO T 161 Deterioration Cracking 

(D-Cracking) Resistance

Durability Factor 90 –

Mass Loss (%) – 6.0

AASHTO T 19 Composite Void Content of Combined Aggregate System (%) Informational

Verification Testing Requirements for Aggregate Properties



M4.06.8: Pavement Concrete
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Test Method Quality Characteristic Min. Max.

AASHTO M 157 Batching Quantities of Constituent Materials M4.02.3

AASHTO T 121 Unit Weight (lb/ft3) Target -3.0 Target +3.0

AASHTO T 119 Slump (in.) < 4 in. Target -1.0 Target +1.0

4 – 8 in. Target -1.5 Target +1.5

Segregation Resistance, Consolidation, and Cohesion Pass

AASHTO T 152 Air Content (%) Target -1.5 Target +1.5

AASHTO T 309 Concrete Temperature (°F) 50 90

AASHTO T 396 Edge Slump (in.) – 0.25

Condition of Surface Category – 2

Surface Voids (%) – 30

AASHTO T 395 System Air Metric (SAM) Number (psi) for Freezing and 

Thawing Resistance

– 0.20

Verification Testing Requirements for Fresh Concrete



M4.06.8: Pavement Concrete
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Verification Testing Requirements for Hardened Concrete

Test Method Quality Characteristic Min. Max.

AASHTO T 22 Compressive Strength (psi) 3 Days Informational

7 Days Informational

28 Days 5000 –

56 Days Informational

Select One Method 

for Chloride Ion 

Penetration 

Resistance

AASHTO T 358 Apparent Surface 

Resistivity (kΩ-cm)

7 Days Informational

28 Days 21 –

56 Days Informational

AASHTO T 402 Bulk Resistivity   

(Ω-m)

7 Days Informational

28 Days 104.0 –

56 Days Informational



M4.06.8: Pavement Concrete
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Verification Testing Requirements for Hardened Concrete (Continued)

Test 

Method

Quality Characteristic Min. Max.

Select One 

Method for 

Alkali Silica 

Reaction 

Resistance

ASTM C1260 100% Cement Expansion (%) 14 Days – 0.10

ASTM C1567 SCM Mitigation Expansion (%) 14 Days – 0.10

AASHTO T 380 100% Cement Expansion (%) 56 Days – 0.030

SCM Mitigation Expansion (%) 56 Days – 0.019

AASHTO TP 142 100% Cement Expansion (%) 45 Days – 0.039

SCM Mitigation Expansion (%) 75 Days – 0.039

90 Days – 0.039

Mix Design Expansion (%) 120 Days – 0.039

AASHTO TP 144 Reactivity Index 21 Days Non-reactive



M4.06.8: Pavement Concrete
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Verification Testing Requirements for Hardened Concrete (Continued)

Test Method Quality Characteristic Min. Max.

AASHTO T 336 Coefficient of Thermal Expansion (µε/°F) Target -0.5 Target +0.5

AASHTO T 97 Flexural Strength 

(psi)

3 Days Informational

7 Days Informational

28 Days 650 –

56 Days Informational

Select One Method 

for Freezing and 

Thawing 

Resistance

AASHTO T 161 Durability Factor 90 –

Mass Loss (%) – 6.0

ASTM C457 Air-Void Spacing 

Factor (in.)

– 0.008

AASHTO T 365 Calcium Oxychloride Content (g CAOXY / g 

Paste) for De-icing Resistance

– 0.14

ASTM C1585 Degree of Saturation for 30 Year Service Life – 0.85



M4.06.8: Pavement Concrete
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Thank You!

Richard Mulcahy, P.E.

Materials Research and Evaluation Engineer

MassDOT Research and Materials Section

Email:  Richard.Mulcahy@dot.state.ma.us
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