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qThe Long Road Back
qProposed Design
qMix Design Formulation and Verification Testing
qConstruction Methods
qLessons Learned and Future Considerations



The Long Road Back
MassDOT Cement Concrete Pavement Project

NESMEA 100th Annual Meeting
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2002: U.S. Route 20, Charlton, MA
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Proposed Design
MassDOT Cement Concrete Pavement Project
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§ Newburyport, MA, Route 1 at 
Middle Rd. / Hanover St. 
Intersection

§ Concrete placed Mid July to 
Early September 2024

§ Low bid estimate $17.1M

§ Concrete Intersection ~$2M

§ 1st Performance Engineered 
Mix (PEM) Design

§ Heavy truck volumes/minimal 
underground utilities



Cross Section
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§ 9 Inches PCPEM

§ 12 Inch Gravel Borrow Subbase

§ 4-foot aggregate shoulder to lock in free edge

§ 22-foot wide pours, length varied 12-15 feet



Jointing Layout
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§ Transverse Contraction (TC) Joints 

  18” long-1¼” dia. - 12” o.c.

§ Longitudinal (L) Contraction Joints 

   24” long-¾” dia. - 36” o.c.

§ Longitudinal Construction (LC) Joints 
24” long-#6 bar - 36” o.c.

§ Expansion Joints (E)

  18” long 1¼” dia. Grade 60 smooth     

  dowel  



Mix Design Formulation and 
Verification Testing
MassDOT Cement Concrete Pavement Project
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Sources of Constituent Materials
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Material Type Source Specification
Fine Aggregate – Ossipee Aggregates – Ossipee, NH AASHTO M 6

Coarse Aggregate 1-1/2 in. (No. 4)
3/4 in. (No. 6)
3/8 in. (No. 8)

Brox Industries – Dracut, MA AASHTO M 80

Cement (Original) I / II Holcim – St. Constant, QC AASHTO M 85
Cement (Final) IL(11)MS Holcim – St. Constant, QC AASHTO M 240

Slag Grade 120 Holcim – Baltimore, MD AASHTO M 302
Air Entrainer AEA GCP – Darex II AEA AASHTO M 154

HR Water Reducer F GCP – Mira 95 AASHTO M 194
HR Water Reducer F GCP – Adva 190 AASHTO M 194

Water Reducer / 
Retarder

D GCP – Recover AASHTO M 194

J. G. MacLellan Concrete – Amesbury, MA Plant



Quantity of Constituent Materials
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Material Type Qty.
Fine Aggregate (lb.) – 1225

Coarse Aggregate (lb.) 1-1/2 in.
3/4 in.
3/8 in.

650
685
525

Cement (lb.) IL(11)MS 489
Slag (lb.) Grade 120 165

Total Water (gal.) – 30.5
Air Entrainer (fl. oz.) AEA 3.8

HRWR (fl. oz.) F 39.2
HRWR (fl. oz.) F 26.1

WR / Retarder (fl. oz.) D 13.1

J. G. MacLellan Concrete – Amesbury, MA Plant
Parameter Target Actual

Compression (psi) ≥ 4,000 7,000
Slag (%) 20 – 50 25.2

w/cm Ratio ≤ 0.40 0.39
Slump (in.) 6 6

Air Content (%) 6.5 6.5
Paste Content (%) ≤ 28.0 28.0
Void Content (%) – 17.2

(PC + AC) / VC Ratio 1.25 – 1.75 2.01
Tarantula Curve Meets Meets

Shilstone Zone II Zone II

[1] Verification test results allowed for this value 
to be exceeded.  However, it is best practice to 
design for the 1.25 – 1.75 target.  Next time!



Combined Aggregate System
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Tarantula Curve (Actual)

Fine Sand Coarse 
Sand



Combined Aggregate System
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Combined Aggregate System
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Zone Property Cause
Zone I Gap-graded; High potential for segregation during 

placement and consolidation; Cracking, blistering, 
spalling, and scaling

Deficiency in intermediate 
particles; Non-cohesive

Zone II Optimum mixture for nominal maximum aggregate size 
from 2 in. – ¾ in.

Optimized workability 
factor and coarseness 
factor

Zone III Optimum mixture for nominal maximum aggregate size 
< ¾ in.

Optimized workability 
factor and coarseness 
factor

Zone IV Sticky; High potential for segregation during 
consolidation and finishing; Variable strength, high 
shrinkage, cracking, curling, spalling, and scaling

Excessive fines

Zone V Rocky; Lacking plasticity Excessive amount of coarse 
and intermediate aggregate

Shilstone Workability-Coarseness



Combined Aggregate System
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Void Content
qAASHTO T 19 Standard Method of Test for Bulk Density 

(“Unit Weight”) and Voids in Aggregate
qMix design proportioning tool used to determine how 

much paste and air content is needed to fill the voids and 
ensure acceptable workability



Freezing, Thawing, De-icing
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Exposure 
Class

Severity Condition

F1 Moderate Exposed to freezing and thawing cycles; Not exposed to 
accumulation of snow, ice, and de-icing chemicals; Limited 
exposure to water

F2 Severe Exposed to freezing and thawing cycles and accumulation of 
snow and ice; Not exposed to de-icing chemicals; Frequent 
exposure to water; Direct contact with soil

F3 Very Severe Exposed to freezing and thawing cycles and accumulation of 
snow, ice, and de-icing chemicals; Frequent exposure to water



Air Content and w/cm Ratio
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Exposure 
Class

Severity Maximum 
w/cm Ratio

NMAS (in.) Reinforced 
Concrete Air 
Content (%)

Plain 
Concrete Air 
Content (%)

F1 Moderate 0.55 3/8 6.0 7.0
1/2 5.5 7.0
3/4 5.0 6.5
1 4.5 6.5

1-1/2 4.5 6.0
F2 Severe 0.45 Same Air Content Requirements as Class F3
F3 Very Severe 0.40 3/8 7.5 7.5

1/2 7.0 7.0
3/4 6.0 7.0
1 6.0 6.5

1-1/2 5.5 6.5

[1] A 1.0% reduction from the air content target is permitted for 28-day compressive strength ≥ 
5000 psi.




