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Learning Outcomes

1. Scaling Deterioration Mechanisms and
Causes

2. Materials and Construction Best
Practices

3. Field Investigations and Petrographic
Examination

4. Emerging Chemical Admixtures and
Topical Treatments
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Scaling Deterioration

Understanding the mechanisms and causes.
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"A general loss of surface mortar or
mortar surrounding the coarse
aggregate particles on a concrete”

— American Cement Association

“Local flaking or peeling away of
the near-surface portion of
hardened concrete”

— American Concrete Institute
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Scaling Deterioration

causes

e

.. Materials Construction
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causes

Scaling is Susceptible to concrete with insufficient...

------------

——— ———

Durability Workability Workmanship
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Causes — Materials

Insufficient Durability

= Poor air entrainment

= High water to cementitious ratio

= Unaccounted for free moisture on aggregate

» High permeability

Insufficient Workability

= Poor air, combined aggregate, and paste systems

* Improper dosage or insufficient usage of chemical
admixtures

Unaccounted for absorption of aggregate
Too much water “held back” at the plant
Improper “re-tempering” of hold-back water
Deviation from the approved mix design
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Causes — Construction

Insufficient Maturity

* Incomplete / interrupted hydration due to exposure to adverse
conditions prior to the required protection period is complete

Improper Workmanship

» L ack of personnel certification for concrete flatwork and insufficiently
sized work crew

= Unfamiliarity with the initial and final time of set for a given exterior
slab concrete mix design

= Improper finishing methods

» | ack of protection from adverse conditions (precipitation, cold
conditions, and hot conditions)

* |nadequate curing methods
= Use of prohibited tools and conducting prohibited practices
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Mechanisms

Delamination

» Trapped bleed water (and air) under
the hardened paste from use of
][orohlblted finishing tools (steel

rowels) or final finishing operations
conducted too early (bleed water still
rising)

» Bleed water (and a|r? collects under

the hardened paste layer resulting in
no bond with the substrate

= |nsufficient application of evaporation
reducing materials, causing moisture
loss and surface “crusting” while the
concrete is still plastic beneath

» Hardened paste layer chips off

/’) massDOT
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Mechanisms

Weak Top Paste Layer

» “Blessing” the surface

* Finishing in bleed water

* Finishing in evaporation reducers
= [nsufficient curing

» |nsufficient protections from
adverse conditions APPLY DURING EVAPORATIVE

= Results in substantially weak, CONDITIONS 1O PREVENT

f h tad t " RAPID MOISTURE LOSS.
POrous, and carpoonated top paste WARNING

layer NOT A FINISHING AID.
» DO NOT FINISH INTO OR
/ maSSDOT UNDER THE SURFACE.
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Mechanisms

Weak Top Paste Layer — Internal Pressures
= Water in the concrete pore solution solidifies into ice

* As the temperature drops below freezing, the pore water
freezes and increases 9% in total volume, causing internal
pressures inside the concrete

» Dissolved chlorides in the pore solution are also expelled
from the solution as it freezes, causing even more internal
pressures

» \Weak top layer scales

Spring 2026 — National Concrete Consortium 12
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Mechanisms

Weak Top Paste Layer — Glue Spall

Mechanism (c) Crack Penctrates

= \Water gor brine solution) freezes onto substiate
concrete surface creating a composite T Yoo

= Composite temperature decreases, d
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stresses form from thermal expansion
mismatch between ice and concrete

* |ce thermal expansion coefficient five
times higher than concrete

= |ce IS put in tension and fractures
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= Weak top layer scales
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SECOND EDITION

Integrated Materials and Construction
Practices for Concrete Pavement:

A STATE-OF-THE-PRACTICE MANUAL

COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF TRANSPORTATION
STANDARD SPECIFICATIONS

for Highways and Bridges

2026 Edition

DIVISION 11T

IOWA STATE UNIVERSITY National Concrete Pavement
Institute for Transportation Technology Center q
i
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AY 2019

Materials and Construction Best

Practices
Getting back to the basics...
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Materials and Construction

Best Practices

Mix Design Formulation
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Materials and Construction Best Practices

Mix Design Formulation

Mix Design Parameters H|H U|S

P|E H|H

C|S P|O

C C|T
Alkali Silica Reaction X X X X X XXX X X=X X X X X
DEF and Thermal Cracking - = = = = - /1-1- X === - - - —
Corrosion of Steel Reinforcement X X X X X XJ-J- X X--=-—X--=-X
Water, Freezing, and Thawing X X X X X XXX X X=X X - - X
Sulfate Reaction X X X X X XXX X X=X X - - X
Shrinkage - X X = X XXX X = == - = = —
Global Warming Potential When Specified § @ - - - — — — —
Shilstone Workability-Coarseness - X X = = —IXIX X === = = = —
Tarantula Curve - = = = = —IXIX = === = = - —
Paste and Air Content to Void ContentRato - X X - — —fI XX X - - - - — — —
Special Design Parameters - X X X X Xp=J- — XXX X =X X

ICHUBPESS. SRR UM Byt Spring 2026 — National Concrete Consortium 16
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Mix Design Formulation

Effects on Concrete Properties from Incorporation of SCMs (1

[1] 1 = Increased; | = Decreased; | = Increased or Decreased; «» = No Impact

o Property Coal Coal [Calcined| Calcined | Meta- | Slag | Silica
)
QO Ash F Ash C Shale Cla kaolln Fume
— Water Content
QO Workabilit
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= Heat of Hydration ! 0 ! I} PN l 0
p)
)
m

-
@)
pra
@)
)]
| _—
o
)
-
@)
O
©
-
qv)
0
qv)
—
)
s
M
=

ICHUBPESS. SRR UM Byt Spring 2026 — National Concrete Consortium 17
nghway Division

/’ massDOT




Mix Design Formulation

Effects on Concrete Properties from Incorporation of SCMs

Ash = Ash C Shale Cla kaolln Fume
Curing Duration
Early Age Strength
Long Term Strength
Abrasion Resistance

l
T
Drying Shrinkage and Creep >
!
|
!

Permeability
Corrosion
Alkali Silica Reaction

Sulfate Reaction
Freezing and Thawing > VRN —
Scaling YN PEN PN

[1] 1 = Increased; | = Decreased; | = Increased or Decreased < = No Impact
/’ massDOT
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gl 2026 CEMENT CONCRETE MIX DESIGN SHEET RMS 043

C Rev. 03/06/2026
PLANT INFORMATION 1 MAILING ADDRESS 1 MIX DESIGN SHEET IDENTIFICATION
PLANT NAME | LOCATION 1 STREETNO. & ADDRES S | CITY/TOWN | EMAIL ADDRES S | CONTRACT | SHEETIDENTIFICATION NO.
@ BORO SAND AND STONE | EASTON, MA 1 192 Plain Street | North Attleboro, MA 02760 | dougs@borocorp.com 1 | 25-03-26-10-27-01
CONSTITUEN TMATERIALS

- — AGGREGATE UW,, | VC PERCENTPASSING BY MASS (%)
ID SOURCE LOCATION NMAS DESCRIPTION SPEC.! SG | (PCF) | (%) 2IN. [11/2INJ 1IN. | 3/4IN.| 1/2IN.| 3/8IN.| #4 #8 #16 #30 #50 | #100 | #200 FM
FINE | BORO (80%)/RYCO (20%) | N ATTLEBORO/CARVER MA | FINE NORMAL WEIGHT M6 , 263 | 1083 [ 339 | 100.0 | 100.0 | 100.0 | 1000 | 100.0 | 1000 | e70 | 850 [ €80 | 490 | 250 | 80 | 20 | 268
CA1 CUMBERLAND QUARRY CUMBERLAND, RI 381N, NORMAL WEIGHT - 8 MB80 » 271 [ 103.9] 384 | 100.0 | 1000 | 1000 ] 1000 | 1000 980 [ 300 | o | 46 [ 00 [ 00 [ 0o | oo | 558
CA2 CUMBERLAND QUARRY CUMBERLAND, RI 341N, NORMAL WEIGHT - 5 MB80 y 270 | 991 | 411 [ 1000 1000 | 1000] 990 [ s80 [ 130 [ 20 | 0o | 0o [ o0 [ 00 [ oo | oo [ 686
A IBERAND O BLAND E . OB 0 2 13 946 | 459 [ 1000 ] 990 [ 430 [ 100 [ 00 [ 10 [ 00 [ 00 [ 00 [ 00 [ 00 [ 00 [ 00 [780

. ARY VIEN A ALS: PA D; FIB 1 CHEMICAL ADMIXTURES Vs
SOURCE LOCATION / PRODUCT TYPE DESCRIPTION SPEC. SOURCE PRODUCT TYPE DESCRIP TION SPEC.| (%)
ST MARYS CEMENT GASCONS, QC (IL(10)MS) L(10)ME[ 10% LIMESTONE BLEND (MS) | M 240 - GCHRYSQINC DAREX I AEA AEA AIR ENTRAINING M154] 990
AMRIZE (HOLGIM) BALTIMORE, MD S-120 HIGH ACTIVITY (120) M 302 . CHRYSOQINC RECOVER D ATER REDUCING AND RETARDIIl M 194 | 15.53
a Bl " . g T u el CHRYSQ INC ADVA 140M F  HIGH RANGE WATER REDUCING M 194 | 12 66
SCM3 I AD4 CHRYSOQINC ADVA 190 F__HIGH RANGE WATER REDUCING M 194 [ 2673

PKG I e I L an d SI a I ADS CHRYSQINC DCI-S ClA CORROSION INHIBITING G182 [ 22 00
FIBER SIKA LIGHTCRETE POWDER CLSM CLSM ENHANCING TDS | 100.00

Des

| X

Formulation

I ADS6
L X DESIGN FORMULATION
MIX DESIGN ID NO. ¢ [nmas| s [ Ac [wem| Pc AGGREGATE (LBS.) CEMENTITIOUS; PACKAGED; FIBER (LBS.) | WATER (GAL.) ADMIXTURES (FL. OZ.) YIELD| UW
ot | probucer | wixpesionryre | 30 | Ny | oy | o) [Ramo| ) | Ene | cat | caz | cas | cem | scmi| scmz| scwma] F‘KGﬁFIBER. W: |Waome! AD1 | aD2 | AD3 | D4 | aDs | aps | (cF) | pcr)
01 DPWS4034 4 cc 4000 | 34 | 500 | 60 | 044 | 304 ;11080 5250 [12250 ) 3290 | 3290 %0 | 02 ; 26 330 1 2700 ; 1411
02 | DPWs40112 4 cc 4000 [ 1172 ] 500 [ 60 [ 042 | 204 r10200] 2040 0880 ] 6080y 3200 [ 3290 330 | 03 | 20 39.0 | 27.00 | 1431
03| DPWHP5034 y HPC ESC 5000 | a4 | 600 | 70 | 039 | 298 10890] 4650 12750 | 3430 2950 | 470 20 | 30 | 32 190 | 260 | 3840 | 2700 | 1404

DPWS4034SW ESC 4000 5.00 285 | 11780] 4500 [ 1270 . ] . ] . 1 27.00 | 1404

o7 05 | 2700 1128
=t Exterior Slab Concrete (ESC) B | v ey

66.0 2700 1000
|

We agree to produce cement concrete mix designs per the precise proportions, quantities, types, and sources of constituent materials identified on the approved RMS 043 Cement Concrete Mix Design Sheet for MassDOT construction contracts,
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MIX DESIGN ID NO. | PERCENT BY MASS PASSING (%) | ANDREASEN | TARANTULA | SHILSTONE | VOID CONTENT (%) | PGyl SCM (% TCM | ECC | THICK
DOT | PRODUCER | 2IN. [11/2IN] 1IN. | 34 IN.| 1/2IN.| 358 IN.| #4 #8 | #16 | #30 | #s0 | #100 qa | (e CURVE ZONE VCa | VCrss | VCw | VCu | SUM1 | SUMZ | SUMS 1 (LBS,)| (LBS.)| (FT)
m 01 DPWs4034 | 1000 [ 1000 1000 | 996 | 820 | 624 [ 440 | 346 | 272 | 190 [ 97 | 31 046 | 828 QUTSIDE I-34-2IN_| 272 173 | 210 | 500 | 00 | 00 I6580]6251] 20
02 | DOPWS40112 | 1000 | 998 | 882 | 810 | 651 | 4990 | 379 | 308 | 244 | 172 | 88 | 28 035 | 844 QUTSIDE I-34-2IN | 273 176 | 201 | 500 | 00 | 00 [6580] 6251 20
h 03 | ppwhPso34 1000 | 1000 1000 ] 995 | 811 | 605 | 432 | 342 | 260 | 180 | 98 3.1 048 | 810l outsipe I na34-2m. | 275 173 1 213 1 421 | 69 00 lessoleossal 15
04 FEGG  T1000] 1000 1000 | 1000 [ 1000 [ 1000 970 | 850 | 680 [ 490 | 250 | 80 020 | 765 [ outsipE T wv-TooFNE T 339 169 [ 297 T 00 0.0 00 IT'vsolT 7501 100
& 05 |ppws4034swl 1000 [ 1000 [ 1000 996 [ 816 | 616 | 450 | 250 | 284 | 199 [ 102 23 045 | 10 I outsie T wam-2mn T a74 177 1201 Tsoo | o0 [ o0 58901 25
06 DPWs4038 1 100.0 | 100.0 [ 1000 | 100.0 [ 100.0 | 989 | S9.8 | 428 | 328 | 218 | 111 | 36 051 | 859 I outsipE I ic<3asin. 1266 160 I 249 T500 | 00 [ o0 1 6698 1 15
07 | FrEGGNEXC 3 100.0 | 100.0 | 100.0 [ 100.0 [ 100.0 [ 1000 | 970 | 850 [ 680 [ 490 [ 250 [ s0 020 | 765 | OUTSIDE I Iv.TOOFINE ! 33.9 19.1 ¢ 228 ¢ 00 | 00 [ oo ¥ 3000 | 6.0
08 | F/EGGMEXC 7 100.0 [ 100.0 [ 100.0 [ 100.0 [ 100.0[ 1000 7.0 | 850 | 680 | 490 [ 250 [ 80 020 [ 765 | OUTSIDE I IV. TOOFINE § 33.9 176 274 T oo [ 00 | 00 | 1500 [ 10.0
H 09 [ DPWHP4034 ; 1000 ] 1000 [ 1000 | 096 [ 822 [ 628 [ 463 [ a72 [ 203 [ 206 [ 105 [ 34 | 08 7 042 [ 815 | OUTSIDE 4 Il 34-2IN_, 274 183 | 179 5 441 | 60 | 00 4 5520 ) 25
10 S0NEAT 4 1 whastt)  OUTSIDE o 1 ] p 00 | 00 [ 0.0 y2015.0,2015.0,
m 1 1 1 1 1 1 1 1 1 1
1 1 | 1 1 | 1 1 | |
q) 1 1 | 1 1 I T

Mr. Doug Smith Quality Gontrol 4/7/2026
NAME TITLE AUTHORIZED SIGNATURE DATE




Materials and Construction Best Practices

Mix Design Formulation

D OR ATIO
MIX DESIGN ID NO. c |NvAS| s AC | wicM | PC AGGREGATE (LBS.) | CEMENTITIOUS; PACKAGED: FIBER (LBS.) WATER (GAL) | ADMIXTURES (FL. OZ.) YIEELD | UW
DOT | PRODUCER MIX DESIGNTYPE | ®PS) | (N) | oN) | @) |RaTIO| (6 | FINE | ca1 | ca2 | cas | cem | scmi| scmz | scms | PkG | FIBER! Wy | Waouxi ADL | AD2 | AD3 | Apa | Aps | aps | (cP) | (PcF)
05 | DPWS4034SW ESC 4000 | 3/4 5 7.0 | 044 | 285 {1178.0| 450.0 | 1270.0| 0.0 | 310.0 | 3100 | 0.0 0.0 0.0 00 | 327 | 03 | 3.0 00 | 366 | 00 0.0 0.0 | 27.00 | 140.4
. » . . = . A - A A . D A A A
PERCENT BY MASS PASSING (%) PERCENT RETAINED BY MASS (%) ON EACH SIEVE SHILSTONE WORKABILITY-COARSENESS FACTOR TCM | ECC ! THICK
2IN. [11/2IN.] 1IN. | 3/4IN. | 1/2IN. | 3/8IN. | #4 #8 #16 | #30 | #50 | #100 | #200 TARANTULA CURVE RESULT CF WF ZONE (LBS) ! (LBS) ! (FT)
100.0 | 100.0 | 100.0 | 996 | 816 | 616 | 450 | 359 | 284 | 199 | 102 | 33 0.8 CLOSE CONFORMITY 60.0 | 37.4 Il 3/4-2 N, 620.0 | 589.0 | 25
- L . . . DEF/Thermal
Modified Andreasen Distribution Paste Content (%) | PC,/VCy Ratio Tarantula Curve Shilstone Chart .
Crack Resistance
100 2.00 50 50
D90 + 35 T SCC (34%) wax CF) Tc CF) | Ta CF)
7 1 ° = 45 +
2 80 e | max 7 840 s Zone IV 158.00 | 70 60
S04 . . 3 8 40 4 SPECIFIC | THICK.
» 60 + HPC (30%) T 30 4 L
2 30 4 > Zone i APPLICATION | (FT.)
=50 T ESC / CC (28%) MID (1.50) @ £35 -
= 01 | (1,50 4o o= e oo o £ 20 3 DS (SOIL) 9.00
L30T 5 |SLIPFORM (25%) § > =301 DS (CASING) | 9.00
21 125 PEEORM LY © 10 o5 T Zone v DS (WATER) | 9.00
04— e 0 20 S ABUTMENT | 122
0.0010 0.0100 0.1000 1.0000 1 ] i e O I U PIER (ABOVE) | 1.52
20 1.00 SR ORI I TP S RN\ UN 100 90 80 70 60 50 40 30 20 10 O
’@’ & ’5‘(0 ’Q‘{b & R o0 N NN v Coarseness Factor PIER CAP 1.80
EM CA (%) q E (%) |VCa(%) PC (%) PCa (%) |VCy (%l RATI OPTIMIZED GRADATION ZONE Il (OPTIMUM FOR NMAS 3/4 IN. - 2 IN.): OPTIMIZED PILE CAP 2.68
496 | 550 | 045 | 81.0 | 274 355 | 17.7 f 201 WORKABILITY FACTOR AND COARSENESS FACTOR BRIDGE DECK | 9.00
SLAB (GRADE) | 9.00
PC (%) > 28.0 No segregation and
bserved during the
7§ § A trial batch.
l’)'l’;f:l';": 2026 — National Concrete Consortium 20




_ o SAMPLE TYPE: T75A-T DATE RECEIVED: SAMPLE NUMBER:
masspDOT massDOT SAMPLE OF
T 7 Highw SR @ Highway _
VER |cevrconcrer| 5/5/2025 | 2025-013060
Rev. 04/01/2025 Rev. 04/01/2025
OJECT INFORMATI
Town/City: STATEW) Town/City: STATEWIDE Contract No.: VER-CON
Contractor: #N/A Contractor: #N/A Federal Aid No.. #N/A
Report fo District: RMS Report to District: RMS Cost Account No.: ~ #N/A
Resident Engineer.  #N/A Resident Engineer:  #N/A District Mat. Engr. #N/A
CHLORIDE ION PENETRATION RESISTANCE TESTING (T 358)
Bid Item: VER.M4 Specimen Size: 4x8" Curing Method: Moist Cured
Bid Item Description.  VERIFIC Cylinder 1 Cylinder 2 Cylinder 3
Sub-tem Description: VER.M4 Specimen 00086139 00086140 00086141
Bid Item Quantity: #NIA Temp. (°F)] 735 | 736 | 735 |
MassDOT Mf? ID No.: 25-03-26 Cylinder 1 (kQ-cm) | Cylinder 2 (kQ-cm) | Cylinder 3 (kQ-cm) Set Average Resistivity
Produced by: BORO S Angle | 1stTest 1st Test 1st Test Determination (kQ-cm)
Design Strength (psi): 4000 0° 16.1
Tot. Cementitious (Ibs.) 620 90° 165 Age (Days): 7
Proposed Use: CONCR 180° 17.1 Curing Factor: 1.0
Date Samoled. 5122005 270° 16.9 Cyl. 1 Average: 16.6
ale oampied. 0° 16 Cyl. 2 Average: 17.2
Sampling f'.ocanon: BORO S 90° 16.5 Cyl. 3 Average: 17.0
ngk.'No?'_'_ - 181 180° 171 Set Average: 17
Jj;nﬁjef '”;3 — z'gs AM 270° 16.9 Penetrabily: | Moderate
Rand d eg f’ - v Average 16.6 ot Req 17.2 ot Req 17.0 ot Req Spec. Min.: -
Qan (tj'm Ramp i — %CV 26% | NotReqd | 19% | NotReqd| 24% | NotReqd | Pass/Fail FIO
uantity Represented. Y Average 16 Not Req'd Not Req'd Not Reqg'd
Specimen Size: D 4xE" - Cylinder 1 Cylinder 2 Cylinder 3
Soacimens Coverod: . Specimen 00086142 00086143 00086144
2 : - Temp.(°F)] 756 | 55 | 753 |
Cylinder 1 (kQ-cm Cylinder 2 (kQ-cm Cylinder 3 (kQ-cm istivi
Test Method | Quality Char Angl 1 !t,T t ( ! 1 !:T t ( ) 1 )t’T t ( ) g::::nigaa%rol:e(slzglzlr%
T 119 (C143) Slump ( '(‘f: © 533 ;S st Test | st Test | -
T 152 (C231) Air Conten 90° 31'4 Age (D .
T 309 (C1064) | Concrete Te - ' Cge,( iy S)t‘ ‘
T 121 (C231 Unit Weigh 180 351 ufing Factor:
270° 36.5 Cyl. 1 Average:
0° 33.5 Cyl. 2 Average:
90° 315 Cyl. 3 Averafje:
FIEL 180° 34.9
Office: RMS 270 36.6 :
Tested By: MIKE NAUGHT Average 341 Not Req'd 36.5 Not Req'd 375 Spec. Min.:
Withessed By: _ROBERT BOU %CV 59% | NotReqd | 24% | NotReqd| 3.7% | NotReqd[ll Pass/Fail
Reviewed By: _ Colin O'Brien Average 16 Not Req'd Not Req'd Not Req'd
Calculate the average and the %CV for each sample in the set. If the %CV is > 7.5%, immerse sample in water bath (68 to
Icul h g d th fi h ple h If th , pl bath (
77 °F) for 2 h, and record results in the "Repeat” Column. If the %CV on the "Repeat" Set is < 7.5%, use the average of the
"Repeat" Set. If the %CV is > 7.5%, average all 16 readings.

Page 2 of 3

) ) DOT SAMPLE TYPE: T75A-T DATE RECEIVED: SAMPLE NUMBER:
mass. SAMPLE OF
= VER |cenrconcrere| 5/5/2025 | 2025-013060

PROJECT INFORMATION

Town/City: STATEWIDE Contract No.: VER-CON
Contractor: #N/A Federal Aid No.; #N/A
Report to District: RMS Cost Account No.: #N/A
Resident Engineer:  #N/A District Mat. Engr. #N/A

LABORATORY PREPARATION, COMPRESSIVE STRENGTH TESTING (T 22/ C39)

Sample Condition: & Acceptable 0 Unacceptable (See Remarksy ___Lab Curing Method:  Moist Cured
Lab Preparation: O sulfur (T 231) [ Neoprene (C1231) O Cutting (T 22) O Grinding (T 22)
Specimen Weight | Diameter Strength | Average Break
D Age | Unit [Break Date (lbs) (in) Area (in) | Load (Ibf) (psi) (psi) Type
00086136 3 | DAY| 5/5/2025 8.33 4.02 12.69 34246 2698 5
00086137 3 | DAY| 5/5/2025 8.33 4.02 12.69 33881 2669 2720 5
00086138 | |3 DAY 5/5/2025 | 833 | 402 | 1289 | 35516 | 2798 | o oS
00086139 | 7 |DAY| 502025 | 833 | 4.02 12.69 62082 | 4891 2
00086140 7 DAY | 5/9/2025 8.33 4.02 12.69 60303 4751 4790 2
00086141 7 | DAY| 5/9/2025 | 832 4.02 12.69 59862 4716 2
00086143 | 28 | DAY | 5/30/2025 8.33 4.02 12.69 79600 6271 6200 2
00086144 | 28 | DAY | 5/30/2025 8.33 4.02 12.69 76338 6014 2
00086145 | 56 | DAY| 6/27/2025 || 8.3 | 402 | 1269 | 85053 | 6701 B e
00086146 | 56 | DAY | 6/27/2025 8.33 4.02 12.69 81945 6456 6440 2
00086147 | 56 | DAY | 6/27/2025 8.33 4.02 12.69 78111 6154 5
T22: Cone Cone & Split |A| Columnar Shear Side Fracture Pointed

- AR

TESTING LABORATORY, TECHNICIAN(S), AND REVIEW

Laboratory: RMS Location: HOPKINTON, MA
T 358 (Set 1).  Jose Sanchez Test Date: 5/9/2025

T 358 (Set 2):  Jose Sanchez Test Date: 5/30/2025
T22(Set1):  Frehiywot Tale Test Date: 5/5/2025
T22(Set2):  Jose Sanchez Test Date: 5/9/2025
722(Set3):  Jose Sanchez Test Date: 5/30/2025
T22(Set4):  Timothy Berard Test Date: 6/27/2025
Reviewed By:  Jose Sanchez Review Date:  6/30/2025

SPECIFICATION LIMITS AND APPROVAL
Results are within specification limits: Results are outside specification limits:

Signature:

Date:
*Results relate only to the items inspected or tested.
**This report shall not be reproduced, except in full, without the prior written approval of the agency.
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Critical Points During Construction

Mixing and Delivery

= Hold-Back Water

o <£10% of the approve
= Retempering

o Prior to the discharging of the first 1/3 of the load, no more
than once

Handling and Placing Concrete
= Transporting

o Chutes, pumps, buggies...

= Depositing

o Operate come-alongs or flat headed shovels to move
concrete in form; No toothed raking or dragging vibrators

= Consolidation
o Vibration, Screeding, Bull Floating, etc.

Handling and Placing
Concrete

Depositing
= Come-Alongs

~<

= Flat Headed Shovels




Critical Points During Construction

Finishing

= Dormancy (Placed)

o Screeding and Bull Floating

= At Initial Set (Stiffened), After Bleed
o Final Floating and Texturing

= Cold Conditions (< 40°F)

o Heated Mixing Water, Type C Accelerating
Admixtures...

Best Practices

= Hot Conditions (Evaporation > Bleed)

o Liquid-Applied Evaporation Reducers, Fogging
Nozzles, Sunshades, Canopies, Windbreakers, Ice...

o Colloidal Silica Finishing Aids
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Critical Points During Construction

Evaporation Monitoring Evaporative Conditions
= Evaporation Rate of Surface Water Evaporation Rate > Bleed Rate
0CE=(T¢ —r*Ta )(1+0.4V)x 10" Plastic Shrinkage Cracking and

* Bleed Rate Determination Methods | [Incomplete Hydration .
o Assume: 0.45 w/cm = 0.15 Ib/ft?/hr
o Assume: 0.40 w/cm = 0.10 Ib/ft?/nr

o Mixes with < 0.40 w/cm, air > 7.5%, water
reducers, or fine materials may have a
lower bleeding rate
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o Test Panel: Placed concrete appears dry
while the test panel accumulates water
under transparent plastic = Evaporative
Conditions

o AASHTO T 158 Bleeding Test
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1. Right After Placing to 3. At Initial Set and Bleed
Level Concrete Water Stops

Screeding

= 2Xx4in. Screed
(Magnesium or Wood)

2. Right After Screeding
to Push Aggregate Down

Bull Floating
= Magnesium Bull Float

2a. Hot Conditions (If

Present)

Evaporation Reducing
Materials

Final Floating, Edging,
Contraction Jointing

= Magnesium Hand Float
= Magnesium Darby Float

= Steel Edgers (Hand or
Walking)

R

= Steel Groover (Hand or
Walking, D = 1/4T)

.

s A5

4. Right After Final

Floating, Edging, Joints

Texturing

= Soft-Bristled Broom that
Produces 1/16 to 1/8 in.
Deep Texture

4a. Hot Conditions (If
Present)

Evaporation Reducing
Materials

5. At Final Set

Curing Materials

4 o b




Critical Points During Construction

Curing
= At Final Set (Hardened)

o Curing Water Nozzles, Saturated Covers, Sheet
Materials, Liquid Membrane-Forming Compounds (Curing
or Curing and Sealing)...

o Penetrating Colloidal Silica Compounds for curing and
sealing

= Cold Conditions (< 40°F)
o Insulating Materials, Heating, and Enclosures

= Hot Conditions (Direct Sunlight)

o Sunshades, canopies, white polyethylene film, and white
pigmented curing compounds
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Critical Points During Construction

Protective Sealing

= Usage and Adoption

o Non-existent due to application of
Compounds for Curing and Sealing...but
these aren’t necessarily “true” sealers...

= Surface Preparation

o Pressure Washing, Shotblasting, Abrasive
Blasting, etc.

= Surface Preparation Check

o Water absorption testing: ASTM F3191 or
Penny Water Droplet Method

= After Surface Preparation
o Penetrating Silanes, Siloxanes...

/’ massDOT
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Critical Points During Construction

Contractor Quality Control (QC)

= QC Operating Documents

o Quality System Manual and QC Plan

= QC Laboratory

o Department Recognized Accreditation Program
= QC Organization

o Frontline Personnel, QC Technicians, QC
Manager
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= QC Sampling, Testing, and Inspection

o Random Sampling, Test Report Forms,
Inspection Report Forms, and Non-Conformance
Report Forms
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Critical Points During Construction

Hydration Heat Curve

(not to scale)

Stage 5: Densification

Cement

conventional sawing
Water
Aggregatfl

Check for early sawing

Stage 2: Dormancy Stage 4: Cooling

--Screeding & Bull Floating--

Heat

Dormancy

24 Hrs. Weeks - Years
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Current State of Things

» MassDOT, municipal, commerciall,
and residential exterior slab
concrete exhibiting scaling

= All types of mix designs are
exhibiting scaling...

o 100% Type I/l cement
o Type I/l cement and SCMs

o 100% Type IL cement
o Type IL cement and SCMs

= as well as NO scaling...

Field Investigations and
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Field Investigations and
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Current State of Things

Plant Distribution of Exterior Slab Concrete Mix Designs

50% Slag 5

40% Slag
15% Coal Ash + 20% Slag M 3
30% Coal Ash T 3

25% Slag T 11

25% Ground Glass Pozzolans M 2
25045 Coal Ash T 6

20% Slag —4
20% Coal Ash E— 7

15% Coal Ash TS 1

o 1 2 3 4 5 6 7 8 9 10 11
No. of Plants Producing Exterior Slab Concrete (48 Total)

6
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Observations During Construction

Non-Conforming Activities

~ Mixing and Delivery

= Hold-Back Water
o >10% of the approved total water design

mmmmmmmm

= Retempering

o After discharging of the first 1/3 of the load, multiple times
ORDERED: 50.00 DELIVERED: 10.00  SLUMP: 5.00

MAX WATER ALLOWED: 329.52 gl JWATER ADDED ALLOWED ON SITE: 34.01 gl

[AT PLANT]  wyc rATIO: 0.41  WATER ADDED: | = 13.5% Hold-Back §-00 gl TOTAL AGGR WATER: 54.66 gl
(Spec. Limit < 10%

BATCHED WATER: 240.85 gl | LOA
[ONSITE]  w/CRATIO: 0.41  WATER ADDED: U.00 g
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Observations During Construction

Non-Conforming Activities
Finishing
= Dormancy (Placed)

FFFFFF

P

= At Initial Set (Stiffened), After Bleed

o Final floating and texturing took place well before initial set and while bleed water was
present. Blessed concrete. Worked in liquid-applied evaporation reducers and bleed water.
Pushing of the broom. Did not remove water and paste from broom. Use of steel fresnos.

= Cold Conditions (< 40°F)
o No QC Plan and therefore no cold conditions planning or execution.
= Hot Conditions (Evaporation > Bleed)

6 No QC Plan and therefore no hot conditions planning or execution. Worked in liquid-applied
evaporation reducers and added water to the surface to compensate.

/’ massDOT

o No screeding and no bull floating. Use of roller tampers and steel fresnos.

Field Investigations and
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Field Investigations and
Petrographic Examination

Observations During Construction




Field Investigations and
Petrographic Examination

Observations During Construction

p s v*' '

Overworklng . e Use of walking

floa’tg, Xan

ICHUBPESS. SRR UM Byt Spring 2026 — National Concrete Consortium
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Observations During Construction

Non-Conforming Activities

_Curing

= At Final Set (Hardened)

o Application of Liquid membrane-forming compounds for curing and sealing took place well
before final set, in direct conflict with the Manufacturer’'s TDS. Compounds often not applied
per the required equipment, distance from surface, or the required coverage rate. In some

cases, no attempt at curing at all...

= Cold Conditions (< 40°F)

o No QC Plan and therefore no cold conditions planning or execution. No Insulating Materials,
Heating, and Enclosures.

P —

* Hot Conditions (Direct Sunlight)

o No QC Plan and therefore no hot conditions planning or execution. No Sunshades,
canopies, white polyethylene film, and white pigmented curing compounds.

/’ massDOT

Field Investigations and
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Field Investigations and
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Observations During Construction

Non-Conforming Activities
Contractor Quality Control (QC)

=

= Implementation

o Nonexistent or inconsistent. Frontline personnel require NRMCA Flatwork Certification but
are in some cases not certified. Frontline personnel, while certified, do not follow the best
practices that the course teaches. QC technicians are not on site to conduct inspection.

achusetts De| m i _ i i
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Field Investigations and
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Observations Post Construction

No Scaling

| i

Description

The surface remains intact
with broomed finish still
present.

39



Observations Post Construction

Minor Scaling Description

Small, isolated scaling spots,
with minimal surface flaking.
Mortar cover intact. Depth of
surface loss is minor (< 1/8
In.).

Field Investigations and

-
@
e
©
=
=
4y
X
LL
o
L
O
S
(@)
O
—
)
al

Spring 2026 — National Concrete Consortium 40



Observations Post Construction

~Moderate Scaling Description

Small scaling spots and
surface flaking are more
frequent but remain
scattered, not clustered.
Depth of surface loss is
minor (< 1/8 in.).

Field Investigations and
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Observations Post Construction

Description

Scaling is clustered in small,
Isolated patches, with coarse
aggregate potentially
showing. Small scaling
e spots and surface flaking

T ae may also be scattered.
Depth of surface loss is
major (1/8 in. — 1/4 in.).

__Major Scaling

Field Investigations and
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Observations Post Construction

Severe Scaling Description

Scaling shows larger and
more continuous clusters,
often covering significant
portions of the surface.
Coarse aggregate is more
commonly exposed. Depth
of surface loss is major (1/8
in. — 1/4 in.).

Field Investigations and
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bservations Post Construction

Very Severe Scaling Description

Prevalent clustering with
widespread surface
deterioration. Mortar cover is
largely gone in areas, with
some coarse aggregate
exposed and rough surface
texture. Depth of surface
loss is major (1/8 in. — 1/4
In.).

Field Investigations and
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Field Investigations and
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Observations Post Construction

Extreme Scaling

Description

Extensive surface loss with
heavy clustering and broad
aggregate exposure. Mortar
cover is disintegrated and
the surface is deeply
deteriorated. Depth of
surface loss Is extreme (>1/4
In.).
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Petrographic Examination

Coring of Contracts With Scaling
= Selected 14 Contracts

= Examine four (4) panels with scaling per
contract

Extract two (2) cores per panel

o One (1) core with no scaling as a control with top
paste layer intact

o One (1) core with 1/3 area scaling and 2/3 area no
scaling

Field Investigations and
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Petrographic Examination

Field Investigations and
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Petrographic Examination

Laboratory Analysis

= ASTM C856 Petrography

= ASTM C457 Air Void System
= ASTM C1218 Chlorides

Project: 191814.06
Date: 9 July 2025

Field Investigations and
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Petrographic Examination

Description:

Overview of the Core 2B
ultrathin section, oriented
with the wearing surface at
the to,o of the image. The
sample was impregnated
with blue-dyed epo_>8/,
which highlights voids and
areas with high levels of
porosity in the cementitious
paste (a thin layer of blue-
dyed epoxy covers the
wearing surface). The
magenta ovals mark near-
surface areas with strong
saturation of blue, which
are indicative of pockets of
highly porous cementitious
paste.

Field Investigations and

-
o
e
®
=
=
®
X
LL
o
L
O
S
(@)
O
b
)
al

/’) massDOT

i N N e Spring 2026 — National Concrete Consortium 49
Highway Division




Petrographic Examination

@ Description:

=@ 2G ultrathin section,

4 oriented with the wearing

< 4 surface at the top of the
~%-d Image. The sample was
g4 Impregnated with blue-dyed
epoxy, which highlights

4 voids and areas with high

4 levels of porosity in the

8l cementitious paste (a thin
4 |ayer of blue-dyed epoxy

$1 covers the wearing

gl surface). Note the strong
wed saturation of blue in the

=4 area between the wearing
" surface and the magenta
dashed line, which is
indicative of a near-surface
zone of highly porous

/’) massDOT cementitious paste.

Field Investigations and
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Petrographic Examination

Photomicrograph of the Core 2B polished section (left) and thin section (right), depicting a
transition between an intact portion of the wearing surface and a scaled. The red arrows mark
microcracks.
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Field Investigations and
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Petrographic Examination

Description:

Photomicrograph mosaics
of the Core 2G ultrathin
section, depicting bleed-
water channels (red
arrows) extending through
a near-surface zone of
highly porous and
carbonated cementitious
gaste (edge and lower

oundary marked by yellow
dashed lines). The wearing
surface is at the top of the
Image.

(Plane polarized light on
left; cross polarized light
with full waveplate on right).

Field Investigations and
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Petrographic Examination

Paste at the surface (Left picture) versus the bottom of core 25-1309A (Right
plctur%), sthowmg a denser, more hydrated paste deeper within the core. PPL, 200X
magnification.
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Field Investigations and
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Top Layer (Surface Zone)

* The top layer consists of a high-porosity, low-cohesion
cementitious paste

* The presence of a porosity gradient indicates the surface
layer Is materially different from the bulk concrete

* The shallow depth of deterioration confirms a surface-
limited distress mechanism

* Increased porosity and reduced paste integrity make the
surface susceptible to environmental exposure and
mechanical breakdown

Field Investigations and
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Underlying Concrete (Body)

» Paste is dense and uniform, typical of properly proportioned
concrete

* No evidence of internal cracking or distress mechanisms

= Air content and spacing factor within acceptable limits (Spacing
factor within 0.004 - 0.008 in.)

» Estimated w/cm ratio consistent with mix design (0.40 to 0.45)
= No indication of excessive water content in bulk matrix

= Chloride concentrations decreased with depth

= Carbonation is limited to near-surface region

Field Investigations and
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Potential Causes of Scaling

* Improper finishing practices (inadequate screeding and
bull floating, incorrect tools and timing, overworking
surface)

= Addition of water at the surface
* Finishing in bleed water and/or evaporation reducers

» Uncontrolled evaporation (evaporation rate exceeding
bleed rate)

= Insufficient curing

Field Investigations and
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Emerging Chemical Admixtures and
Topical Applications

A supplement for enhanced concrete durability?
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Chemical Admixtures

Colloidal Silica (Type S-CSA) Permeability Reducing (Type S-PRAN)
» Stabilized amorphous silica particles = Non-hydrostatic conditions; Increases water
ranging from 1 to 100 nm in diameter, repellency; Reduces water absorption

polymerized from soluble silicate under

alkaline conditions » Long-chain fatty acid derivatives, soaps and

oils, petroleum derivatives, silanes, and
Key Results from Research Project [ reactive or inert fine particle fillers (colloidal

: . silica, silicates, silicious powders, clay, lime
Quality Characteristic bentonite talc)’ P  CaY, !
Method ’

AASHTO Reductionin ASR from 82  Fermeability Reducing (Type S-PRAH)

TP 142 Control (%) 2 = Hydrostatic conditions; Increases
AASHTO Reduction of Chloride 33 resistance to water penetration; Reduces
T 357 Penetration from corrosion; Blocks pores and capillaries

Control (%) ! = Crystalline hydrophilic polymers that react
[1] Type S-CSA: E5 Liquid FA / Internal Cure with moisture and unhydrated cement
[2] Control: Very Highly Reactive compounds to form insol_uble crystalline
[3] Control: High Chloride Penetration structures that block capillary pores

/ Massachusetts Department of Transportation Sprlng 2026 — National Concrete ConSO rtium 58
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Specifications

= Currently no AASHTO or ASTM Standards
» Refer to Technical Data Sheet (TDS)
Qualified Construction Materials List
* Five (5) products listed

= Colloidal Silica Finishing Aids* | Mass.gov
Product Claims

“Lubricates the surface for faster, easier
finishing. Extends workable time under
adverse conditions such as high wind, heat,
or low humidity. The amorphous silica reacts
during the hydration of concrete to produce
more cementitious material, translating into
higher density and improved surface
performance.” — Solomon Colors Dayl
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Colloidal Silica Finishing Aids

Product TDS Specifications

Test Quality Max.
Method Characteristic

ASTM  Reduction in Scaling
C672 (%)

AASHTO Reduction of Mass 85 —
T 161 Loss (%)
ASTM Reduction in 35 —
C779 Abrasion (%)

AASHTO Chloride lon 95 —
T 259/ Penetration (%)
T 260

Note: Currently working on developing an
AASHTO UP3 Technical Committee for
Colloidal Silica Finishing Aids

Spring 2026 — National Concrete Consortium 59


https://www.mass.gov/info-details/colloidal-silica-finishing-aids

Penetrating Colloidal Silica Compounds for

S Curing and Sealing
m = . . .
O Q. Specifications Product TDS Specifications
- |9 ") = Currently no AASHTO or ASTM Standards .
Q - - = Refer to Technical Data Sheet (TDS) Method Characteristic
T = O Qualified Construction Materials List ASTM  Reduction in Chloride
U +—J _ C1556 Diffusion (%)
© © " One (1) product listed AASHTO Reduction of Mass 40 —
@)NVp) &) = Liguid Membrane-Forming (M4.12.4) & T 161 Loss (%)
. — : 2 A
c @ E Colloidal Silica* Compounds | Mass.gov ASTM Reduction in Water 70 _
5) 5 o Product Claims E96 Vapor Transmission
S g < “Penetrates into the accessible capillary of Materials (%)
D X system, reacting with the available free alkali EN Reduction in Depth of 70 —
E é founolI withint,) and prr]imarily forming CSH. 12390-8 Penetration of Water
Equal to or better than a 28-day moist cure. 0
LLI Applied at final set for curing. Can be applied S e T )
O to existin% cogcrete as ip%netrating sealing Note: Currently working on developing an
< compound — Spray-Lock P3 Protect AASHTO UP3 Technical Committee for
Penetrating Colloidal Silica Compounds for
» massDOT | ~ Curing and Sealing
/ nghv:;yﬂn'l’v:’ﬂ;":‘"t°” SpRchetin Spring 2026 — National Concrete Consortium 60



https://www.mass.gov/info-details/liquid-membrane-forming-m4124-colloidal-silica-compounds

Case Study — Overview

Project Scope

= Concrete sidewalk with premature
deterioration due to scaling

= Remove and replace deteriorated panels

* Place same mix design formulation for new
panels |

= Place concrete in the same area and
iImplement best construction practices

= Apply Solomon Colors Dayl colloidal silica
finishing aids

= Apply ASTM C1315 liquid membrane-
forming compounds for curing and sealing

= Apply Spray-Lock P3s penetrating colloida
silica compounds for curing and sealing
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Case Study — Mix Design Formulation

Cementitious: 611 Ib. Type l/ll: 65% Coal Ash (F): 15% Slag (120): 20%
Mix Design Type: Exterior Slab Concrete (ESC) Compressive Strength: 4,500 psi
NMAS: 3/4in. Slump: 6in. AC: 7.0% PC:. 28.5% PC+AC/VC: 194
Shilstone: Zone Il (Optimum) Tarantula Curve: Optimized, Close Conformance

MIX DESIGN FORMULATION
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MIX DESIGN ID NO. c [Nmas| s AC |wriem | Pc AGGREGATE (LES.) | CEMENTITIOUS; PACKAGED; FIBER (LBS.) | WATER (GAL.) | ADMIXTURES (FL. 0Z.) YIELD | UW
DOT | PRODUCER | MIXDESIGNTYPE | (PS) | Ny | N) | (%) |RaTIO| (%) | FINE | ca1 | ca2 | ca3 | ceEm | scm1 | scm2 | scm3 | PKG | FIBER! Wr |Wuwwx| AD1 | AD2 | AD3 | ADa | AD5 | aD6 | (cF) | (PCF)
11 344034 ESC 4500 | 3/4 6 70 | 045 | 285 [ 1117.0] 725.0 [1005.0] 0.0 | 397.0 | 920 [ 1220 | 00 | 00 | 00 } 320 | 02 | 45 | 306 | 00 | 00 | 00 | 00 | 2700/} 1382
OPTIM D COMB D AGGR A AND PA AN A Q
PERCENT BY MASS PASSING (%) PERCENT RETAINED BY MASS (%) ON EACH SIEVE SHILSTONE WORKABILITY-COARSENESS FACTOR TCM | ECC ! THICK
2IN. [1472IN] 1IN | 34N | 12N | 38IN. | 24 # | #m6 | #30 | #50 | #100 | #200 TARANTULA CURVE RESULT cF | wr ZONE (LBS.) | (LBS.) ! (FT)
100.0 | 100.0 | 100.0 | 975 | 756 | 662 | 456 | 380 | 321 | 220 | 100 | 26 | 08 OUTSIDE 545 | 39.3 Il 3/4 -2 IN. 6110 | 565.0 | 25
. P o . . DEF/Thermal
Modified Andreasen Distribution Paste Content (%) | PC,/VCy Ratio Tarantula Curve Shilstone Chart .

100 200 50 50 Crack Resistance
£90 + 35 1 scc (34%) ' = 45 Tuaax (°F) T (°F) | Ta (°F)
7] - -
§ _8,2 : — MAX (1.75 | g 40 % Zone IV 158.00 70 60
| HPC (30%) B I &40 SPECIFIC | THICK.
@ 30 4 > Zone lll APPLICATION | (FT.)
=50 1 ESC [ CC (28%) MID (1.50) 0 £35
=0 1 150 fo o o' e 2 5 3 DS (SOIL) 9.00
@ =
L30T 55 |[SLIPFORM (25%) L proru o8| | & £%0 DS (CASING) | 8.00

fg 1 125 £ L2 e 2 25 | Zone V DS (WATER) | 9.00
04 ; : : 0 ol ABUTMENT | 1.41
0.0010 0.0100 0.1000 1.0000 L | © © R 100 90 80 70 60 50 40 30 20 10 0o | PIER(ABOVE) | 177

20 1.00 I I N N S R R T
i ’Q‘% LS S NG SR v Coarseness Factor PIER CAP 2.09
FM [cA®)| a | E() [vea() PC (%) PCp (%) VCy (%)] RATIO | OUTSIDE: [1/2 IN.|[#4| EXCESSIVE COARSE AGGREGATE ZONE |1 (OPTIMUM FOR NMAS 3/4 IN. - 2 IN.): OPTIMIZED PILE CAP 3.8
RESULTING IN DECREASED WORKABILITY AND INCREASED WORKABILITY FACTOR AND COARSENESS FACTOR
BRIDGE DECK
4.86 | 544 | 041 | 783 | 284 285 355 | 183 | 104 | Coo o AND EDGE SLUMPING. 9.00
SLAB (GRADE) | 9.00
B
/
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Case Study — Environmental Conditions

Placement 1 — Scaling Deterioration
= (T,25=r*T,25)(1 + 0.4V) x 10®

0.45 wicm Bleed Rate

T.(°F)
r (%) 50
T,(°F) 76

V (mi/hr) 10 to 20
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E (Ib/ftZ/hr)  0.13 to 0.24
EVAPORATIVE CONDITIONS!
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Case Study — Environmental Conditions

Placement 2 — No Scaling Deterioration
= (T,25=r*T,25)(1 + 0.4V) x 10®

0.45 wicm Bleed Rate

T.(°F)
r (%) 75
T,(°F) 64
V (mi/hr) Oto 6

E (Ib/ftzhr)  0.02 to 0.06
NO EVAPORATIVE CONDITIONS!
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Placed September 16 2025
~ Photo: March 27 2026
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Case Study — Findings for Placement 1
(Scaled) vs. Placement 2 (Not Scaled)

Constants ‘ Hef =3
= Mix design formulation (Type I/ll, coal ash, and slag) X

= Exposure conditions (freezing, thawing, and de-icing)
Variables

= Non-conforming vs. Best Construction Practices

= Evaporative Conditions vs. Ideal Conditions

» Incorrect vs. per TDS application of ASTM C1315 liquid-
membrane forming compounds for curing and sealing

= Application of colloidal silica finishing aids and penetrating
colloidal silica compounds for curing and sealing

Results
= Best materials and construction practices prevail
= Colloidal silica finishing aids did not damage the surface

= Panels applied with penetrating colloidal silica _ Plhaced: September 16, 2025 |
compounds for curing and sealing exhibited no scaling &= e 2 EEe
Photo: March 27, 2026
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Closing Remarks

There are no shortcuts for concrete... Research, Specifications, and Webinars

Understand the importance of... = https://www.mass.gov/lists/current-and-
completed-research-projects

= Best Practices vs. Prohibited Practices _ _
= 2021 — Construction and Materials Best

= Acceptable Tools vs. Prohibited Tools Practices for Concrete Sidewalks Subjected to
= Contractor Quality Control Cold Conditions
= |nitial Set: Apply final floating and texturin = 2023 — Construction and Materials Best

_ PPY X J Practices for Concrete Sidewalks Subjected to
= Evaporation Rate > Bleed Rate: Apply Hot Conditions

evaporation reducing materials
P J = 2025 — Recycled Ground-Glass Pozzolan

* Final Set: Apply curing (RGGP) for Use in Cement Concrete and
Emerging materials are not silver Comparison with Other Alternative Constituent

bullets...They are supplements... Materials

: = https://www.mass.gov/lists/construction-
Producers, Contractors, and Agencies all Spgciﬁcaﬂons .

. SO
share this burden to get this right! .« httbs:/Vimeo.com/1106214472
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https://www.mass.gov/lists/current-and-completed-research-projects
https://www.mass.gov/lists/construction-specifications
https://vimeo.com/1106214472

Words of Encouragement!

Looks like you were right about the mix.
| know | was skeptical. But | am glad we stuck with the lower
cement factor with high range.

It gave us the strength needed and the lower paste factor.
| guess you are never too old to learn.
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Thank You! Questions?

Richard Mulcahy, P.E. Oussama Khouchani, Ph.D.

Materials Research and Evaluation Engineer Research and Evaluation Technical Lead
MassDOT Research and Materials Section MassDOT Research and Materials Section
Email: Richard.Mulcahy@dot.state.ma.us Email: Oussama.A.Khouchani@dot.state.ma.us

/’) massDOT

i N N e Spring 2026 — National Concrete Consortium 69
Highway Division


mailto:Richard.Mulcahy@dot.state.ma.us
mailto:Oussama.A.khouchani@dot.state.ma.us

