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The Long Road Back

MassDOT Cement Concrete Pavement Project
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2002: U.S. Route 20, Charlton, MA
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Proposed Design

MassDOT Cement Concrete Pavement Project

PImassDOT
/ Massachusetts Department of Transportation
Highway Division
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Project Information

= Newburyport, MA, Route 1 at
Middle Rd. / Hanover St.
Intersection

= Concrete placed Mid July to

Early September 2024 ' PROJECT i /
: INTERSECTION '

= Low bid estimate $17.1M
= Concrete Intersection ~$2M

= 1st Performance Engineered
Mix (PEM) Design
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= Heavy truck volumes/minimal

underground utilities
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Cross Section
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» 4-foot aggregate shoulder to lock in free edge

» 22-foot wide pours, length varied 12-15 feet
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Jointing Layout
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SECOND EDITION

Standard Practice for

Integrated Materials and Construction
Practices for Concrete Pavement:
= A STATE-OF-THE-PRACTICE MANUAL

Developing Performance Engineered
Concrete Pavement Mixtures

AASHTO Designation: R 101-22'

Adopted: 2022

Technical Subcommittee: 3c, Hardened Concrete

INTRODUCTION
v raditnally beenprescripeive, with Sute
Highway 5 d methods for bor
“This places the majority onthe

SHA and limits innovation. R ds of blend: 2
content, using moder addiives and admixtures, 2 other imnorations i the ndusry provide the
opportunity o move tow the and
allowing industry to d& ixtures that meet specific New methods

, and others that can

onomics. Further,

perfommance to the CORTACIor rovides a3 OppOTTUAY fr oV aOR.

1. SCOPE

11 This practice i f and includes,
alterative performance characteristics for acceptance.

12 In Section 6 of this practice, SHA waditions s I
offering options to use one or more performance measures mstead.

13 This practice s ispended to rovide sms Sexbiliy i theisapproach o he e of stemative

that can be selected to best it the needs of

the agency.

14 Lifs will 2 result of extendd service
Iife, by reducing material and construction variabiliry. This is achieved by a robust quality control
(QQ) program.

15. Iuded are for in the range of 30 7. Due

loca conmacto expetse, some ik exiss
in predicting actual service life. As service life prediction models and test methods marure,
risk is expectad to be reduced.

16. Substantial research has shown that a key to reduce the life cycle cost of concrete is by reducing KOWA STATE UNIVERSITY National Concrefe Poverment
construction variability. wvron b 1o smaparsnen Tecrvciogy Center

17. ‘The values stated in ST units are the standard. The val
are provided for information only.

TS3c R101-1 AASHTO CIETIY

Al righes rescrved. Duplication isa violation of spplcable .

Mix Design Formulation and
Verification Testing

MassDOT Cement Concrete Pavement Project

N
/
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Massachusetts Department of Transportation
Highway Division



PAmassDO; ®)massDC #YmassDOT
o i o el 2024 CEMENT CONCRETE MIX DESIGN AIR VOID AND PASTE SYSTEM ANALYSIS
2 z ey
PLANT INFORMATION MAILING ADDRESS MIX SHEET IDENTIFICATION
PLANT NAME PLANT NAME PLANT NAME | LOCATION STREET NO. & ADDRESS | CITYITOWN | EMAIL ADDRESS CONTRACT | SHEET IDENTIFICATION NO.
O J G MACLELLAN CONCF J'G MACLELLAN COM J G MACLELLAN CONCRETE Lowel, MA 01852
MIX IDENTIFICATION NO. S
N . D SOURCE | 1D MANUFACT MASSDOT PRODUCER | MIXDESIGNTYPE | (PSI) | (IN) | (IN) [ (%) | CM | (%) (%) | VCcu | (%) | (%) [ (%) [(PCP)| (CH) Optimized air void sy p quality
“ FINE SSIPEE AGGRE | FINE OSSIPEE AGG| | 24-02-12-11-08-10-01 ORIGINAL PAVEMENT 7000 | 112 | 6 65 | 030 | 280 172 | 201 | 252 | 00 00 | 1481] 270 concrete properties, including enhanced
CA1 BROX INDUSTI | CA1 BROX INDU! | 24-02-12-11-08-10-02 | FIXED FORM PAVEMENT 5000 [ 112] 6 55 | 020 | 248 | 312 | 250 | 181 | 172 | 250 | 00 | 00 | ez | 270 workability, cohesion, strength, and resistance to
CA2 BROXINDUSTI| CA2 BROX INDU! | _24-02-12-11-08-10-03 SUIP FORM PAVEMENT 4000 | 112 | 2 85 040 | 208 | 273 | 265 | 121 | 143 | 250 | 00 00 | 1518 | 270 freezing, thawmg, de-lang and sulfate reaction.
CA3 BROX INDUST | CA3 BROX INDU! Air- g or air-
CEMENT: S entraining materials interground into the cement
| D SOURCE clinker are used to achieve these quality
CEM HOLCIM % P2 properties by providing the air void system with
SCM1 noLom | %9 sufficient air content and stabilized air bubble
| SchM2 80 fMMAS: 112 o paste
SCM3 quality ooncrete properties, including enhanoed
e ol workability, bleed rate, setting time, strength,
meeR| oggregare bonding, concrete reinforcement
0T g, to fre g, thawing, de-
Mix IDENTIFICATION! | 20 1 icing, sulfate reaction, alkali silica reaction,
MASSDOT PR corrosion of steel reinforcement, drying
4001211051001 o 04 shrinkage, cracking, and volume change from
enoion (x| © & & & i} wetting and drying.
2400121101003 | =L 24-02-12-11-02-10-01 [ ORIGINAL | PAVEMENT | 7000 [ 112 [ & | 65 [ 039 | 280 [ 35 [ 238 | 172 [ 201 | 252 | 00 [ 00 | w431 [ 270 |
100 L1 Freezing, Thawing, and De-icing Resistance Corrosion Resistance of Steel Reinforcement [1]
WICM Ratio Minimum Air Content (%) Maximum WICM
20 JLamang: 11 - . . "
MRRS: 2 NMAS Reinforced Class Severity Condition Ratio
@l Class Severity Condition Reinforced |Non-Reinforced) (in.) | <5000 psi 25000 psi_ [Non-Rei Exposed to moisture and extemnal sources of
) EE 5.0 50 70 c2 Severs  [chlorides including de-icing chemicals, salt, brackish
Exposed to freezing and thawin,
40+ cydles: Not exposed to ¢ 12 55 45 70 wiater, and seawater 040
F1 Moderate  |accumulation of snow, ice, and de- 055 0.55 Y4 5.0 40 6.5 Ps Al All prestressed concrete structures exposed to any
20 + icng chemicals: Limited exposure 1 45 35 5 condgiton
10 Water. 112 45 35 6.0 TITHh ince concrete s| .oz /cy(3.0gal/ cy]
04 R . e comosion nhibting admixture.
O N e Exposed to freezing thawin,
L cycles and accumulation prans 2 Sulfate Reaction Resistance
>3 Severs  |and ice: Not exposed to de-icing 045 045 3z | SAMEMMIMUM AR CONTENT REQUIREMENTS Condition .
- ASCLASS F3 WICM|Cement or SCM
— e— L ] G0 Toseoroim| Ko | e
T . 112 Class| Severity | (%bymass) (ppm)
"mssooa"'ﬂc”'o" ':: J 11 38 75 65 75 1 0.10<50,< | 150<S50,< = Type MS and
wasose:: freezing ;ﬂd 'zmng 12 7.0 6.0 70 020 1500 i SCM
24-02-12-11-08-10-01 ol el £2 | Very Severe les and accumulation of snow, - =
24-00-12-11-08-10-02 | FIX ey ice. and de-icing chemicals: L Xz L 60 50 0 s2 Severe 020<50,< 1500 < S0, < 045 Type HS and
=1 Frequent exposure to vter. 1 6.0 50 6.5 200 10.000 i
HOA21H81008 | S 5 50 5 55 S | VerySeves | 50,5200 | 50,5 10000 0.40
204
inkage and Cracking Resistance [1 Workability [1 Durability and Environmental Durability and Environmental
o & Paste Content PC,VC.y SCM
,:SP Pl Concrete (PC) (%) Condition Ratio S Cementitious Materials
Pavement Concrete (Slip Formed) <250 Decreased Workablity <125 Fly Ash (Class C) 20-50
Pavement Concrete (Fixed Formed) <28.0 Pavement Concrete Fly Ash (Class F) 1530 Rapid Hardening Hydraulic Cement 1
% Pz
100 ——m—— |HghF Concrete <%0 High Performance Concrete 125-175 | E=Y 20-50 Performance Based Hydrauic Cement (1]
rmahs: [Exterior Sizb Concrete - Exterior Slab Concrete Sica Fume 5-15 Pozzlanic Based Hydraulic Cement 2
- 80 LMMRS: Segregation, >175 (Class N) 10-20 Ground-Glass Pozzolan Bl
— e+ [1] Not applicable to se¥-consolidating concrete or concrete T Gnly appicadie 1 pavement concrete. high Calcined Clay or Shale (Class N) 20-35 High Reactiviy Pozzolan 3]
with Type S-SRA shrinkage reducing admixtures at 3 dosage 2 performance concrete. and exterior slab concrete. [Total Fly Ash and Siica Fume <35 [1] Target shall meet the requrements specihed in the previous
w0l 128.0 oz cy (or par Manufacturer’s recommendations), Type S- Not appiicable to self-consolidating concrete or ot SCM <%0 Durability and Environmental table.
CRA crack reducng admixtures at a dosage per concrete with Type S chemical admaxtures that 2] Target are not ble to
04t Manufacturer's recommendations, fibers that inhibt shrinkage enhanoe the workabiity of the concrete. based hydraulic cement
We agree fo produce cement ( (dosage per Manufacturer’s recommendations) or test resuits 3] Per Manufacturer's recommendations.
within the shrinkage limits specified in standard specifications.
S
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Sources of Constituent Materials

J. G. MacLellan Concrete — Amesbury, MA PIant
-mm_

Fine Aggregate Ossipee Aggregates — Ossipee, NH AASHTO M 6
Coarse Aggregate  1-1/2 in. (No. 4) Brox Industries — Dracut, MA AASHTO M 80
3/4 in. (No. 6)
3/8 in. (No. 8)
Cement (Original) /1 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 Il 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 / D GCP — Recover AASHTO M 194

Retarder
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Quantity of Constituent Materials

J. G. MacLellan Concrete — Amesbury, MA Plant

to be exceeded. However, it is best practice to

design for the 1.25 — 1.75 target. Next time!
NESMEA 100th Annual Meeting 14
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= ____Waterial T Type | Qty M Parameter T Target [ Actual
- Fine Aggregate (Ib.) 1225 Compression (psi) = 4,000 7,000
O Coarse Aggregate (Ib.)  1-1/2in. 650 Slag (%) 20-50 25.2
LL 3/4 in. 685 w/cm Ratio <0.40 0.39

3/8in. 525 Slump (in.) 6 6

(- Cement (Ib.) IL(11)MS 489 Air Content (%) 6.5 6.5
(@)) Slag (Ib.) Grade 120 165 Paste Content (%) < 28.0 28.0
- Total Water (gal.) — 30.5 Void Content (%) - 17.2
n Air Entrainer (fl. 0z.) AEA 3.8 (PC+AC)/VC Ratio 1.25-1.75 2.01
Q HRWR (fl. oz.) F 39.2 Tarantula Curve Meets Meets
Q HRWR (fl. 0z.) F 26.1 Shilstone Zone |l Zone |l
¢ WR / Retarder (fl. 0z.) D 13.1 [1] Verification test results allowed for this value
=
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Combined Aggregate System
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Mass Retained on Each Sieve (%)
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Tarantula Curve (Ideal)

I ! |
Fine Sand ! Coarse |
] : Sand V' Decreased

0 Finishability

R O

Decreased
Workability and
Increased
Segregation and
Edge Slumping

Sieve Size
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Combined Aggregate System

50
< Tarantula Curve (Actual)
8_, ' ----- ﬂ
P40 lwm o -4 |
Q | ' 0
. : ] 0
-(C(é30 | Fine Sand [ Coarse 0
L { Sand |
c P —— -} :
o i
EZO -+ ,p--?\ ' ,p -------- ~~\
S
(O}
o1
(7]
©
=

Sieve Size

-
O
e
L

-

&

-

o
LL.

-
)

7))

()
-
X
=

NESMEA 100th Annual Meeting 16



Combined Aggregate System

Shilstone Workability-Coarseness
45 1 Zone IV

Excessive Zone lll
Fines / Optimum for
Zone ll < 3/4 in. NMAS
Optimum for
Zone | 3/4 - 2 in. /
e E— NMAS
Gap- /

S
o
|
T

Workability Factor
w
(@)]

30 + graded
_— Zone V
25 + Excessive Coarse
Aggregate
20 i i i i i i i i i

100 90 80 70 60 50 40 30 20 10 0
Coarseness Factor
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Combined Aggregate System

Shilstone Workability-Coarseness
| zone | Property | Cause |

Gap-graded; High potential for segregation during Deficiency in intermediate
placement and consolidation; Cracking, blistering, particles; Non-cohesive
spalling, and scaling

Optimum mixture for nominal maximum aggregate size ~ Optimized workability

from 2 in. - % in. factor and coarseness
factor
Zone lll Optimum mixture for nominal maximum aggregate size  Optimized workability
<%in. factor and coarseness
factor
Zone IV Sticky; High potential for segregation during Excessive fines

consolidation and finishing; Variable strength, high
shrinkage, cracking, curling, spalling, and scaling

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

NESMEA 100th Annual Meeting 18
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Combined Aggregate System

Void Content

JAASHTO T 19 Standard Method of Test for Bulk Density
(“Unit Weight”) and Voids in Aggregate

Mix design proportioning tool used to determine how
much paste and air content is needed to fill the voids and
ensure acceptable workability
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Freezing, Thawing, De-icing

Class

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
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S
= Air Content and w/cm Ratio
(©
Class w/cm Ratio Concrete Air | Concrete Air
E Content (% Content (%
S Moderate 6.0 7.0
O 1/2 5.5 7.0
u_ 3/4 5.0 6.5
1 4.5 6.5
c 1-1/2 4.5 6.0
m F2 Severe 0.45 Same Air Content Requirements as Class F3
‘T, F3 Very Severe 0.40 3/8 7.5 7.5
m 1/2 7.0 7.0
Q 3/4 6.0 7.0
1 6.0 6.5
>< 1-1/2 5.5 6.5
E [1]1 A 1.0% reduction from the air content target is permitted for 28-day compressive strength =
5000 psi.
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