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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)

= 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

/’ massDOT
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What concepts were learned?

Concrete Coarse Minimum Cement Concrete Coarse Minimum Cement
Strength (28- Aggregate o Otrength (28- Aggregate 5
Day) Size Content (Ibs/yd?) Day) Size Contgnt (Ibs/yd?)
2,500 psi ' 4,000 psi '

3,000 psi 5,000 psi

3,500 psi
74 N,
% in. 610
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What concepts were learned?

Concrete Type Slump (inches)
2t7%%in,

252 % in.

Mass Concrete
Exposed Bridge Deck

Reinforced Concrete 3x1in.
Very Constricted Placement 4 +1in.
Pump Concrete 4+1in.
Tremie Concrete 6+1in.

Drilled Shaft Concr
uncased placemen

anent casin .
5+1in.
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What concepts were learned?

Coarse Aggregate Size Entrained Air,Content (%) 1.5
1% inch
% inch
% inch

Notes:
« Severe Exposure: Concrete exposed to sev

should be 4,000 psi with 7.0% +1.5% ent
* Dirilled Shafts: Concrete for drilled sha
* All concrete must include a water-re

nments (e.g., bridge decks, freeze-thaw)

.5% entrained air
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What concepts were learned?

Additive Type Notes

Required for proper air

Air-Entraining Admixtures :
entrainment.

Retarders Used to delay setting time.

admixtu res avai reducing admixture.

Must be 30 £ 2% calcium nitrite by
weight; dosage: 3 gal/yd?® of
concrete to raise chloride
corrosion threshold to 9.9 Ib/yd?® at
rebar level.

Calcium Nitrite Corrosion Inhibitor

What about ASTM C1582

achusetts Department of Transportatio
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What concepts were learned?

= Performance Testing
= Remove 90-day ASTM C1202 Rapid Chloride lon Penetration Test

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

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

/’ massDOT
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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 1



7Ipanor 2025 CEMENT CONCRETE MIX DESIGN SHEET RMS 043

Rev. 03342025

FLANT INFORMATION ] MAILING ADDRESS | MIX DES}
PLANT NAME | LOCATION I STREET NO_ & ADDRESS | CITYITOWN | EMAIL ADDRESS | cowtRACT [l SHEET IDENTIFICATION NO.
BOSTON SAND AND GRAVEL BOSTON, MA T 100 N Washington Street 2nd Fioor Boston. MA 02114 [camerafbostonsand com T 2402-12-06-46-18
MT MATERIA
AGGREGATE UWg, [ VT PERCENT PASSING BY MASS (%)
D SOURCE LOCATION NMAS DESCRIFTION sPEc_! sG [ por | ) | 2 Jizn] am Jaam ]z ] aein] #s #8 | #16 | #30 | #50 | =00 | 2200 | Fm
FINE OSSIPEE AGGREGATES OSSIPEE, NH FINE NORMAL WEIGHT M6 } 261 | 1040 355 | 100.0 | 100.0 | 100.0 | 1000 | 100.0 [ 1000 [ @81 [ @11 [ 773 | 510 | 202 | 55 | 15 | 257
CA1 HOLCIM SWAMPSCOTT, MA T NORMAL WEIGHT - 67 mMa0 , 2.7 | 1050 413 [ 1000 ] 1000 w000 oas [ 0 [ 230 [ 72 [ 21 10 [ 10 | 10 | 10 ] 10| 64
CA2 HOLCIM SWAMPSCOTT, MA 33 IN. NORMAL WEIGHT - & Ma0 y 2.87 | 1020 430 | 100.0 | 100.0| 9000 | 1000 | 1000 | 980 [ 248 | 13 | 10 [ 10 | 10 | 10 10 | 571
CA3 1
CEMENT: SUPFLEMENTARY CEMENTITIOUS MATERIALS: PACKAGED: FIBERS 1 CHEMICAL ADMIXTURES | Ve
[} SOURCE LOCATION | PRODUCT TYPE DESCRIPTION SPEC.| SG D SOURCE PRODUCT TYPE DESCRIPTION SPEC.| (%)
CEM CIMENT QUESEC STBASILE, QC {1/11) 17| GENERAL/MOD.SULFATE | Me5 | 215 | AD1 | GCP APFLIED TECHNOLOGIES DAREX | AEA AEA AlR ENTRAINING M154] 020
SCM1 CIMENT QUEBEC MADISON. IN FAF LOW CALCIUM [F) M295] 248 | AD2 CHRYSC INC CHRYSO QUAD B42 F HiGH RANGE WATER REDUCING M 104 ] 17.05
SCM2 HOLCIM BALTIMORE. | D |ATER REDUCING AND RETARDH M 104 | 41.30
SCM3 H H H CLEM CLEM ENHANCING o5 | 100.00
Design Targets for Production Testing |
FIEER

MIX DESIGN FORMULATION

DESIGN PC AGGREGATE (LBS ) CEMENTITIOUS: PACKAGED: FIBER (LES) ( MIXTURES (FL. OZ) ¥IELD
FroDucER D) wix nEsIGH TYeE (IN. E ( !FINE cAl | ca2 CEM | scm1 | scMz | scmz| PKG | FIEER, AD4 | ADS ADs! [CF)
343016 cc | 3000 | I I ! 287 4 1315.0] 1800.0 3380 | 78.0
343014 cC ) I ! | 1325.0] 1800.0 3120
244066 cC 7. I ! 321 11240 4420

L

1

T

4

2 1

CcC . . . 206 11190.0] 1800.0 4230 T y 4 . > . 2 1
|

I

|

CcC X . . 205 | 1191.0]1800.0 520.0

CC 1 A . 292 | 1205.0(1300.0 4230

L

T

L

L)

]

1

l

1

I

| cC Y I ! 305 | 11820] 1750.0 4810
| UWcC ! I ! 383 111840 520.0
I

T

I

1

I

J

L}

+

|

UWC . A I 375 111120 5820
CLSM MAMNUAL EXC 5 A E 242 To7san 50.0
CLSM MECH EXC 5 A ¥ 356 | 28040 100.0
CLSM NON-EXC H E A - 338 !2541 0 150.0
ESC
110100 CLSM MANUAL EXC
101552 CLSM NON-EXC
244206 UWC

=
=]

= =]
= o

=
[x]

=
-

M : A sl i i
LLBS) | (LBS)) (FT)
Sheet ID NO- ' Mlx Des'gn No- 0 | 200 | o0 | 5200 4810] 25
' 0 | 400 | 00 | 5200 5200 zo
24-02-12-06-48-18 ' 24-02-12-06-48-18-01 Dttt
’ 0 | 200 0 lesoolentsl 15
05 344062 1 1000 | 100.0 | 1000 | 063 | &6.0 ; ; ! ! ] 2 1 UUISIDE | IV 10U EINE

06 1000 | 100.0 | 1000 | @63 | 68.2 ; ] ] 3 ] : OUTSIDE | IV: TOO FINE
100.0 | 1000 1000 oe3 [ es4 | 67 ? | ] ] . OUTSIDE | IV: TODFINE
100.0 | 100.0 | 1000 | 1000 | 100.0 | 98, ] ] ] I ] OUTSIDE - < 304 IN.
100.0 | 100.0 | 100.0 [ 100.0 | 100.0 | oo. . ] . OUTSIDE N3N, 30.8 | 233 1.78 3 | 108 B80.0, 7065, 05

1000 | 100.0 | 1000 | 1000 | 100.0 I - } 5. ] OUTSIDE | W TOOFINE j 355 | 223 187 3| 0D 3000, 1750,

100.0 | 100.0 | 1000 | 1000 | 100.0 j 2 X ] ] OUTSIDE | IV: TODFINE § 355 | 218 177 714 | 00 0y 3500 2750

1000 | 1000 | 1000 0] 1000 I 1 I ] [ I ] ] OUTSIDE | V: TOOFINE | 355 ] 1.8 5 | 0D 0§ 4000 2750

1000 | 1000 | 1000 | e72 | 782 | 6r. 7 T ] j OUTSIDE | I 34-2IN_| 381 ] 138 D | 245 | o0 jsei10) 610

110100 100.0 | 100.0 | 100.0 0| 100.0 I j : 3 ! OUTSIDE | IV: TOOFINE | 355 i 237 ] 0.0 0 | 100.0 | 1000

191552 100.0 | 1000 | 1000 0| 1000 J 3 ! 5. ] OUTSIDE | IV: TODFINE | 355 . 210 5 | o0 0 | 5500 | 4000

342208 | 1000 | 100.0 | 1000 | 665 | 60.8 I i ] ; ] - OUTSIDE | IV TODFINE | 337 | 25. 135 0 | 8500 | 5685 |

38y | 141 0| 0o 0 Vesonlsesol 15
386 | 251 140 0 | 342 | oo lesoolesonl 10
388 | 248 1.48 1 | 200 710.0 ) 65657 1.0
397 | 237 1.70 I 20.0 B00.0 ] 7400] 05

I
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Mix Design “Solver” Optimization

TARANTULA CURVE AND SHILST =7 nooirmmnn anmanzaman ofs o aran

INSTRUCTIONS: Before you can use the Tarantula Curve and Shilstone OPTIMIZATION AGGREGATE | TCM SCM (%) | AC IWJ‘C OPTIMIZATION
"Sohver” Optimization Calculator, please click on the following hyperlink and LOAD SOLVER ADD-IN INSTRUCTICONS METHOD BINS | (LBS.)] 5CM1 | 5CM2 | SCM3| (%) |RATI]
follow the instructions: SHILSTONE (NMAS: 304 - 15| FINE: cal: caz | szo0l son . 70 1 pas

C)PTIMIZED "IIA L2191 FYniInivLA LIy

MIXDESIGN | c |umas| s | Aac [wicm| Pc |  AGGREGATE(LBS) | CEMENTITIOUS; PACKAGED; FIBER (LBS.) IWATER (GAL.)! ADMIXTURES (FL. 0Z.) I YIELD
i | propucer D! mix pEsion Tvee | (Psh | Ny | on) | ) |raio] ) ! ENe | cat | caz | cas ! cem | scmi] scmz| scma| pkG | FIBER! Wi |Wanw] ADS AD3 | AD4 | ADs | Abs, (cF)
DPWS40345W] ESC . 0 | 0.44 | 28.4 |1183.0] 450.0 | 1270.0 | 310.0 | 310.0
OPTIMIZED COR

PERCENT BY PASSING (%)
2IN. H12IN] 1IN, |3i4IN.)1/21N.| 3i8IN.| #4 #8 #16 | #30 | #50 | #100 | #200
100.0 | 100.0 | 1000 | 996 [ 816 | 61.6 | 454 | 360 | 264

PERCENT
ALIMIT]

RETAINED BY MASS (%) ON EACH SIEVE
TARANTULA CURVE
WITHIN

SHILSTONE WORKABILITY-COARSENESS FACTOR
CF WF [CFWH T ZONE
37.5 | 0.027 | 0.000 Il 3/4-2 M.

TCM | ECC | THICK
Les.)l(LBs.)! (FT.)
620.0y 589.0y 15

100 —a PCy | VC;y RATIO CRACKING
ap | RESISTANCE
a0 4 : - Zane iv ECC | THICKNESS
70T HIGH RANGE (1.75) Zone W LBS.) (FT.)
gg T : - = 9.0
40t | JMID-RANGE {1.50) _ 250 8.0
307 300 6.0
20 1 SLIPFORM (1.25) ’ Zon 350 a5
10 1 :

D e e S ﬂ: P —e ‘v:{f 20 — :Eg i;
& 2 3 5 e & o o : - ; B0 70 B0 50 40 20 10 0 5 :
ST e e oF Ty TP e p o H g 500 25
CA | | VOID CONTENT (%) ZONE Il (OPTIMUM FOR NMAS 3/2 IN. - 2 IN.). OPTIMIZED 550 20

%) | FM | VCs | VCa | VC: | VCon WORKABILITY FACTOR AND COARSENESS FACTOR #50 15
5464) 496 | 377 | 243 [ 315 | 203 700 1.0
850 0.5
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717=POT  GEMENT CONCRETE MIX DESIGN COMBINED AGGREGATE SYSTEM ANALYSIS

- — o - ; 3
Sfeererfl Sy | St e oF Ty | 0w @m

10: 03 || PRODUCER ID: 344258 || MIX DESIGN TYPE: HPC || (PSI): 3000 Il {IN.}: 34

Rev. 12 024
PLANT INFORMATION i MAILING ADDRESS i MIX SHEET IDENTIFICATION
PLANT NAME | LOCATION 1 STREET NO. & ADDRESS | CITYITOWN I EMAIL ADDRESS g CONTRACT | SHEET IDENTIFICATION NO._
BOSTOM SAND|AND GRAVEL BOSTOM. MA 100 N Washington Street 2nd Floor Boston, MA 02114 jcarrerai@bostonsand com 24-02-12-08-04-32
CONSTITUENT MATERIALS
AGGREGATE S0URCES ] | §G | ww | VC | PERCENT PASSING BY MASS (%) ]
1] MANUFACTURER LOCATION NMAS DESCRIPTION | SPEC. | (DRY] | (PCF} (%) | 2IN. [1172IN] 1IN | J4IN.| 121N | 378 IN #4 ] #16 #30 #30 #100 | #200 | FM
FINE OSSIPEE AGGREGATES OSSIPEE, NH FINE NORMAL WEKGHT | me 261 | 1042 ] 355 | 1000 | 1000 | 1000 [ 1000 | 1000 | 100.0 | 981 21.1 7r.a 51.0 20.3 5.5 15 | 257
CA1 HOLCIM SWAMPSCOTT, MA 304 IM. NORMAL WEIGHT - 87 | mao 287 | 1050] 413 | 1000 | 1000 | 1000 | o3a 46.9 28.0 T8 21 1.0 1.0 1.0 1.0 10 | 664
CA2 HOLCIM SWAMPSCOTT, MA 38 1IN NORMAL WEIGHT -8 I mao |l 287 T so2o0l 430 I 1000 | 1000 | 1000 | 1000 | 1000 | ess 248 1.3 1.0 1.0 1.0 1.0 10 I 571
CA3 I I I 1 L]
COMBINED AGGREGATE SYSTEM ANALYSIS
I0: 01 || PRODUCER ID: 245673 || MIX DESIGN TYPE: HPC || (PSI): 5000 || {IN.}: 3/8
100 % Passing by Mass =0 Tarantula: % Retained by Mass on Each Sieve 0 Shilstone Workability Factor-Coarseness Factor Analysis
| Tarantula
s an L | H 45T Zone OUTSIDE: [1/2 INJ|3/3 IN_[£4]}#3] EXCESSIVE COARSE
[ R— 40 AGGREGATE RESULTING IN DECREASED WORKABILITY AND
80 FM: 444 0+ ] i INCREASED SEGREGATION AND EDGE SLUMPING.
N L | I 35 EXCESSIVE COARSE SAND RESULTING IN DECREASED
40 Coars: (%) 432 20 4 = L P Zone | EINISHARILITY
H AASHTO T 13 VC: (%) p 1347 h s 30 CF: 1.4 Shilstone Workabfity-Coarseness
20 L L) 25 £ Tana Wl WE: 4195 ZONE Il {OPTIMUM FOR NMAS < 34 IN.): OFTIMIZED
“ == - A WORKABILITY FACTOR AND COARSEMESS FACTOR
a —t—tt—t+—t—+—+—+ 0§ =t e e 4‘;_,— 20 + t t t t t t t +
" . i N + 4
N %1'@ %\@ SPE e b PF oy *@‘3 L E e s EF oy 00 00 80 70 60 50 40 0 20 10 0O
10: 02 || PRODUCER ID: 343673 || MIX DESIGN TYPE: HPC Il (PSI): 3000 Il {IN.}: 34
I ' 100 % Passing by Mass P 50 Tarantula: % Retained by Mass on Each Sieve 50 Shilstone Workability Factor-Coarseness Factor Analysis
- Tarantula
30 THMAS: 34 40 - -I[ -: 51 sonew QUTSIDE: 142 IN.| EXCESSIVE COARSE AGGREGATE
I | 40 Fona il RESULTING IN DECREASED WORKABILITY AND INCREASED
80 T M- 57 a0+ i SEGREGATION AND EDGE SLUMPING.
| - kL
an L Coaarse (%): 57)8 a0 + (--k [] —— -
“ AASHTO T 13 VG (%) ’ 13g=d,9 N s [ - Shilstone Workabiity-Coarseness
0+ 104 N a5 [ Fana W wE- a7 ZONE Il (OPTIMUM FOR NMAS 204 IN_ - 2 IN.): OFTIMIZED
- ——_———— b WORKABILITY FACTOR AND COARSEMESS FACTOR
E o A T S S T S R . 0 el T R e S S % 20 : . . . . . ; +
:
E— 0

100 % Passing by Mass 50 Tarantula: % Retained by Mass on Each Sieve 50 Shilstone Workability Factor-Coarseness Factor Analysis
- Tarantula
40 THRAS: 3is 4 e =——— 1 45 1 CUTSIDE: /2 IN.| EXCESSIVE COARSE AGGREGATE
! i a0 RESULTING IN DECREASED WORKABILITY AND INCREASED
a0+ e 30— " SEGREGATION AND EDGE SLUMPING.
[ Rt L S— 35
an L Coarsi: (%) 551 20 1+ — 1 —_—— -
AASHTO T 19 VC: (%) S 12 e=4.% g 30 Shilstone Workabiity-Coarseness
Y L . 25 ! ZONE Il (OPTIMUM FOR NMAS 304 IN. - 2 IN.): OPTIMIZED
o e N WORKABILITY FACTOR AND COARSENESS FACTOR
o I S B B R M 20 +——tt
s & PR &
_%15&3 N PR IR A ;;P @.\é’ EL e p s EF Py 100 90 80 70 80 S0 40 30 20 10 0
I0: 04 || PRODUCER ID: 346558 || MIX DESIGN TYPE: HPC || (PSI): 6500 Il {IN.): 3/4
% Passing by Mass o 50 Tarantula: % Retained by Mass on Each Sieve 50 Shilstone Workability Factor-Coarseness Factor Analysis
-y a5 | o ﬁIaum.lla
LY T 40 fm - 1 Zone IV OUTSIDE: [1/2 IN| EXCESSIVE COARSE AGGREGATE
\ | 0 RESULTING IN DECREASED WORKABILITY AND INCREASED
M- 5.1 a0+ 1] L] SEGREGATION AND EDGE SLUMPIMNG.
[ YT 35
Coarse (%): 58T | 2 —}} - = Zone |
AASHTO T 13 VG, (%) S 13g=d, " s CF: a0 Shilstone Workabiity-Coarseness
e ' a5 I Tona W W 7.8 ZONE Il (OPTIMUM FOR NMAS 34 IN. - 2 IN.): OPTIMIZED
- aEm———— A WORKABILITY FACTOR AND COARSEMESS FACTOR
0&@----------{ 0 ek Tl | 20 ————————+——F————+——+——
2 R . I A . Wk 100 90 80 70 80 S50 40 30 20 10 0
Fferrerf s | FF@P e esdsd Ty




17‘”‘?55'5 or CEMENT CONCRETE MIX DESIGN AIR VOID AND PASTE SYSTEM ANALYSIS
Ray. 02012025
PLANT INFORMATION | MAILING ADDRESS I MIX SHEET IDENTIFICATION
PLANT HAME | LOCATION I STREET NO. & ADDRESS CITYITOWN | EMAIL ADDRESS | cowtRACT | SHEET IDENTIFICATION NO.
BOSTON SAND AND GRAVEL BOSTON, MA U 100 N Washingion Street 2nd Floor HBoston, MA 02114 1 24-02-12-08-04-32
DESIGN PARAMETERS FOR
N | ¢ |nmas| s ac | wi | pc | Poy | weow | Pop | Peur | scmi| scmz| scms| uw | wELn| Tom | Ecc | THICK
ID_|PRODUCERID) MIXDESIGNTYPE | (PSI) | (IN) | M) | (%) [ CMm pe) | (%) | (%) | (%) [ VCcw | %) | (%) | (%) | PCF| [CF) |[LBS)| LBS )| {FT)
" 245679 | HEC so00 | we | sz | 65 | 03w | zes | 364 [ 254 151 | 194 | 00 | 1444 | 270 | 6500 6452 | 1.5 smallzat DImenzlon of | Maximum Equivalent
[H 5679 | HPE sopd | a4 | s1z| 65 | oas | 27 | ez | z4sm 150 | 200 | oo | 1452 | 270 | ssso| e406 | 15 Concrets Member ift) | Cement Content {ibs.)
03 agazsn | HEC sopd | a4 | 7uz | 65 | oo | 254 | 315 | 264 204 | oo 00 | 1471 | 270 | 5520 s308 | 24 =80 12]
04 saesss | HEPC 6500 | a4 | 7wz | ss | o7 | soo | 3ss | 252 145 | 224 | oo | 1476 | 270 | 7200 | 6745 | 14 = 6.0, 9.0 250
T =4.5;% 6.0 300
' >3.5,:45 350
1 35 200
H 3.0 250
L 25 500
1 20 550
1 1.5 &50
| 1.0 700
N ' o8 350
I [1] Heat Reguclion Faclors for Cquivalent Cement Content:
“ T Portiand Cement = 1.0; Slica Fume = 1.2; Metakaolin = 1.2;
| Slag (s 45%) = 1.0; Slag (> 45% and = 65%) = 0.9;
N Slag (= 55% and = 30%) = 0.5; Fly Ash (Class &) = 0.5;
Fly AZn (Class F)= 0.5
I 0 245678 HPC | sooo | & [ 6wz | 65 | 039 | 288 | 364 | 251 | | | 154 | 194 | 00 | 1444 ] 27.0 [ eo00] 6252 ] 1.5 | [2] Heat of nydration analysis and thermal control plan
“ Freszing, Thawing, and De-leing Reslstance Comoslon Reslatance of Stesl Relnforcemant [1]
| Maximum WICHM Ratio | Minimum Alr Content (%) Maximum
I - I Relnforced Clags SeVel condiflon WICHM Ratla
Han: NMAS Non-
Class Severity Condition | Reinforced Relntorced | {in) =< 5000 pel = 5000 pal Reinforced Exposed to molsture and sxtemal soUTces of
l l - "
Exposed to reezng and thawing | 38 6.0 5.0 7.0 c2 Severs ;mal;u:ﬁén:g‘:li?e-mmg chemicals, sait, Drackisn
cycles; Noi exposed io 12 5.5 4.5 ] . 0.40
“ F1 Mogerate  |accumulaton of snow, ke, and o 0.55 055 34 50 20 55 os " Al prestassed conciels SUCIUTEs EXposed 10 ANy
lcing chemicals; Limited exposire i 1 a5 35 £5 = condition
o water. L L a5 35 50 [1] Fign perfomance concrete shall 250 be TONMAIAted with 334 . 0./ Cy (3.0 gal. J cy) of
e e e s e COMOEion INhibdting admixture.
Exposed to freezing and thawing | L& | s rsact
cycles and accumulation of snow | |z Sultats Reaction Reskstancs
F2 Sewers  |and koe: Mot expossd to dedoing | 0.45 045 | 3 | SAME MIMINUM 'a';; gf::f':; FEQUIREMENTS Condifien
55
chEmicas; Fraquent exposure 1o | I C1580 D516 or D4130 | pairum cement or
wiater; Direct contast with sol BETE % by mass! =
IS O o I (NSO I 13 | Clas severtty | (% Dy mane) e WICM Rafio | SCM Type
T T 5 7.5 £S5 7.5 = Moderale 010 <504< | 150<50a< - Type M3 and
Exposed io freezing and thawing : 2 74 6.0 70 = 0.20 1500 SCM
cles and accumulation of SNOW, =
F3 Very S ¥ . 0.40 045 T 50 70
— SN SEVER e, and de-ioing chemicals: [ 3 - ' 52 Severs e e .48 Type 3 ana
Frequent exposure to water. 1 1 a0 =0 E5 2.00 10,000 SCM
Q 1 g 112 5.0 45 6.5 53 Wery Severs 504>2.00 | 5C4=10,000 0.40
Shrinkags and Cracking Raslstancs [1] Workabliity [1] Durabllify and Envirenmantal rabliity and Environmen
Pasts Contant PC, Ny SCM camant with Supplsmantary SCM
concrate (PC) (%] conaition Ratla Supplementary Cemsntitious Matsnals | (%) Cementitious Materals (%)
Pavement Conerete (Slip Formed) =25.0 Decreased Warkability from Excesslve Agoreqate c1s Fly Ash (Class C) 20 - 50 Elenged Hydrawlc Cement [0
Pavement Concrete (Fixed Formed) =28.0 Content and Limitsd Paste Content Fly Ash (Class F) 15 - 30 Riapid Hardening Hyaraulk: Cement 1]
High Performance Concrele o Pavement Concrete Slag 20 - 50| Performance Based Hydraulie Cement 1] [2]
_ Exterior Slab Concrete High Performance Concrate 1.25-175 Slkes Fume 5—15 [1] Tanget shall meet the requirements spacified In
[1] Not applicabie io sef-consoildating concrete or concrete Exierar Slab Concrete Metakaoln (Class ) 10— 20 the previcus Durability and Envirenmantal aole.
with Type 5-5RA shrinkage redusing admixiures at 3 dosage = [2] Target requirements are not applicable to
= 128.0 oz /oy [or per Manufacturer's recommendations), increased Seqregation from Excessive Paste =175 ZHGH?G?HY : Shdle {Ciass N) 2 ; S PpoZzoianic perfomance basad Nydraulls cament.
Type S-CRA crack repuCing admixtures at 3 0osage par |Contant and Limitsd Agqregats Content round-Glass Pozzalan [1
Manufaciuer's recommendations, fibers that Inhibk [1] Mot applicable to seff-consolldating concrete of concrate with Type High Reactvity Pozzodan [1]
shrinkage [dosage par Manwtaciurer's racommendations) of 5 chemical agmixiuras that enhance the workabiity of the concrete. Total Fly Azh and Shica Fume =35
- .
tes1 results within the shrinkage limits specied In standard Juggesied PCLVCow Ratio Tanget Limits: e —p— e
‘ specifications. [13] 1.25 = Sip form and other low workablity apglications
[10] 1.50 = Chute, buggy, wheel barmow, conveyor belt, bucket [1] Per Manufacturers recommendations.
[12] 1.75 = Pumping and other high workablity applications
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M4: Cement Concrete and Related Materials

Section |Title ___________________Jllsection [Title

M4.00.0 General M4.07.0 Elastomeric Concrete
M4.01.0 Constituent Materials and Mix Design M4.08.0 Controlled Low-Strength Materials
. . FormUIationS Of Cement Concrete Precast Prestressed and
) M4.09.0 ; ’
Concrete Produced by Stationary and Prefabricated Concrete
M4.02.0 )
Truck Mixed Methods M4.10.0 Epoxy Resin Adhesive Products
Ma.03.0 Cconcrete Produced by Volumetric M4.11.0 Evaporation Reducing Materials
Mixers - M4.12.0 Curing Materials
M4.04.0 CEMEMILIENS, EIELY, MR, el M4.13.0 Protective Sealing Compounds

Concrete Bagged Products

Brick, Block, and Drycast Segmental
M4.05.0 Retaining Wall Units

M4.06.0 Cement Concrete

/’ massDOT
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M4.01.1: Cementitious Materials

Specification | Material il Specification | Material _________

AASHTO M 85 Portland Cement AASHTO M 295 Coal Ash
AASHTO M 240 Blended Hydraulic Cement AASHTO M 302 Slag
ASTM C1600 (R;ap|d I-t|arden|ng Hydraulic AASHTO M 307 Silica Fume
emen ASTM C1945 Natural Pozzolans
ASTM C1157 gzﬁogmance'Based Hydraulic  AASHTO M 321  High Reactivity Pozzolans
AkaiAcivated & i ASTM C1866 Ground-Glass Pozzolans
ali-Activated Cementitious
ASTM C1948 Materials ASTM C1667 Blended Supplementary

Cementitious Materials

PHLASTER FTOMr T 7 S amag i National Concrete Consortium - Fall 2025 18
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M4.01.4: Chemical Admixtures

Specification

AASHTO M 194 A Water Reducing

AASHTOM 194 B Retarding

AASHTOM 194 C Accelerating

AASHTOM 194 D Water Reducing and Retarding

AASHTOM 194 E Water Reducing and Accelerating
AASHTOM 194 F High Range Water Reducing

AASHTOM 194 G High Range Water Reducing and Retarding

AASHTO M 194 AF Mid-Range Water Reducing
AASHTO M 154 AEA Air-Entraining

PHLASTER FTOMr T 7 S amag i National Concrete Consortium - Fall 2025 19
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M4.01.4: Chemical Admixtures

Specification [Type _ Description M Specification

AASHTO M 194 S-AWA  Anti-Washout ASTM C1882 M-AWA Anti-Washout

AASHTO M 194 S-CNA Carbon Nanotube : e
AASHTO M 194 S-CRA Crack Reducing ASTM C1582 M-CIA  Corrosion Inhibiting

AASHTO M 194 S-PRAN :
SHTO e (Non-Hydrostatic) TDS M-BA  Bonding
AASHTO M 194 S-PRAH (P:r;neat)ntl.ty) Reducing  ASTMC979 M-CA  Coloring
ydrostatic
AASHTO M 194 S-RCA Rheology Controlling ~ ~°>1MC1622 M-CWA  Cold Weather
AASHTO M 194 S-SEA  Strength Enhancing ASTMC869  M-FA  Foaming
Shrinkage

AASHTO M 194 S-SCA :
Compensating

AASHTO M 194 S-SRA Shrinkage Reducing
AASHTO M 194 S-VMA Viscosity Modifying

AASHTO M 194 S-WRA Workability Retaining
/’ massDOT
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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

National Concrete Consortium - Fall 2025 21



M4.06.0: Cement Concrete

Spec-f-cat-on Specification
M4.06.1 Conventional Concrete M4.06.7 ESC Exterior Slab Concrete
M4.06.2 HPC (I-:Ilaq:mlf’e(:;formance M4.06.8 PC I\P/Iaverrllaelnt Concrete
High Early Strength 08 HIFE Cc?r?iretgcement
M4.06.3 HESC Cogncretey 9 Conerete
Rapid Hardenin LI FIRE Clor?ctreteeIn o
M4.06 .4 RHC Cogcrete 9 conorete
ra-High Performance
M4.06.5 LWC  Lightweight Concrete M4.06.11  UHPC o ete
M4.06.6 SCC Self-Consolidating M4.06.12 SHOT Shotcrete
Concrete M4.06.13 UWC Underwater Concrete

M4.06.14 DC Drycast Concrete

IERLNSIER Dnghrtannmt 0 Tromspacies National Concrete Consortium - Fall 2025 22
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M4.06.8: Pavement Concrete

Verification Testing Requiremen ts for Aggregate Properties

Im--m-
AASHTO T 161 Deterioration Cracking Durability Factor
(D-Cracking) Resistance Mass Loss (%) — 6 0
AASHTO T 19 Composite Void Content of Combined Aggregate System (%) Informational

AEMANSIER Comhr it 8 Tramapmctation National Concrete Consortium - Fall 2025 23
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M4.06.8: Pavement Concrete

Verification Testing Requirements for Fresh Concrete

__TestMethod |  Quality Characteristc | Min. | Max.
AASHTO M 157 Batching Quantities of Constituent Materials M4.02.3
AASHTO T 121 Unit Weight (Ib/ft3) Target -3.0 Target +3.0
AASHTO T 119 Slump (in.) <4in. Target-1.0 Target +1.0

4 —-8in. 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 — 0.20

Thawing Resistance

IERLNSIER Dnghrtannmt 0 Tromspacies National Concrete Consortium - Fall 2025 24
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M4.06.8: Pavement Concrete

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 AASHTO T 358 Apparent Surface 7 Days Informational

for Chloride lon Resistivity (kQ-cm) 28 Days 21 —
Penetration 56 Days Informational
Resistance AASHTO T 402 Bulk Resistivity 7 Days Informational
(Q-m) 28 Days 104.0 -

56 Days Informational

PHLASTER FTOMr T 7 S amag i National Concrete Consortium - Fall 2025 25
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M4.06.8: Pavement Concrete

Verification Testing Requirements for Hardened Concrete (Continued)

Test Quality Characteristic
Method

Select One  ASTM C1260 100% Cement Expansion (%) 14 Days 0.10
Method for ASTM C1567  SCM Mitigation Expansion (%) 14 Days — 010
Alkali Silica AASHTO T 380 100% Cement Expansion (%) 56 Days — 0.030
Reaction SCM Mitigation Expansion (%) 56 Days - 0.019
Resistance 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

AEMANSIER Comhr it 8 Tramapmctation National Concrete Consortium - Fall 2025 26
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M4.06.8: Pavement Concrete

Verification Testing Requirements for Hardened Concrete (Continued)

___TestMethod | Quality Characteristic | _Min. | Max.
AASHTO T 336 Coefficient of Thermal Expansion (ue/°F)  Target-0.5 Target +0.5
AASHTO T 97 Flexural Strength 3 Days Informational
(psi) 7 Days Informational
28 Days 650 —
56 Days Informational
Select One Method  AASHTO T 161 Durability Factor 90 —
for Freezing and Mass Loss (%) — 6.0
Thawing ASTM C457 Air-Void Spacing — 0.008
Resistance Factor (in.)
AASHTO T 365 CaIC|um Oxychlorlde Content (g CAoxy /g — 0.14

ASTM C1585 Degree of Saturation for 30 Year Service Life

IERLNSIER Dnghrtannmt 0 Tromspacies National Concrete Consortium - Fall 2025 27
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M4.06.8: Pavement Concrete

Sample IDT ISR % - . ¥ Specification
550 Mass P
OD Mass I o

T -ROAD AT HKNOVERSTREET

Immersed 3%

AMERICAN o FNEWBURY, MA CHUSETTS

Fapp
Srick (%)
52 (%)

S (%) 30
S (%) 50
Motes:

1. All test specimens were fa
2. The test results represent
3. & was considered 1.3, for (

4_ 3D Hnd EH .er:]rs m SE'WH: SLAGCEMENT.ORG/AWARDS DURABILITY
» DO7
S JIMclSS.
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Thank You!

Richard Mulcahy, P.E.

Materials Research and Evaluation Engineer
MassDOT Research and Materials Section
Email: Richard. Mulcahv@dot state ma.us

achusetts Department of Transportatio
nghway Division
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