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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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Scaling Deterioration

causes

e

.. Materials Construction
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causes

Scaling I's Susceptible to con
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Causes 1 Materials

Insufficient Durability

A Poor air entrainment

A High water to cementitious ratio

A Unaccounted for free moisture on aggregate

A High permeability

Insufficient Workability

A Poor air, combined aggregate, and paste systems
A Improper dosage or insufficient usage of chemical
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admixtures o
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A Unaccounted for absorption of aggregate b . s o =
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AToo much water fnhel d baclzgerymgs :

Al mpropteempieri neackwater h o | dfcastiags v
A Deviation from the approved mix design X
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Causes 1 Construction

Insufficient Maturity

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

Improper Workmanship

ALack of personnel certification for concrete flatwork and insufficiently
sized work crew

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

Almproper finishing methods

ALack of protection from adverse conditions (precipitation, cold
conditions, and hot conditions)

Alnadequate curing methods
AUse of prohibited tools and conducting prohibited practices
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Mechanisms

Delamination

A 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)

A Bleed water (and a|r? collects under

the hardened paste layer resulting in
no bond with the substrate

A Insufficient application of evaporation
reducing materials, causing moisture
| oss and surface i
concrete is still plastic beneath

A Hardened paste layer chips off
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Mechanisms

Weak Top Paste Layer

AiBl essingodo the s
AFinishing in bleed water
AFinishing in evaporation reducers
Alnsufficient curing

Alnsufficient protections from
adverse conditions APPLY DURING EVAPORATIVE

AResults in substantially weak, CONDITIONS TO 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 T Internal Pressures
AWater in the concrete pore solution solidifies into ice

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

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

AWeak top layer scales
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Mechanisms

Weak Top Paste Layer 1 Glue Spall

Mechanism (c) Crack Penctrates
AWater gor brine solution) freezes onto sudstiale

concrete surface creating a composite T Yoo
AComposite temperature decreases, d
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stresses form from thermal expansion
mismatch between ice and concrete

Alce thermal expansion coefficient five
times higher than concrete

Alce is put in tension and fractures
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ACracks in ice penetrate the concrete
substrate up to a depth (d? of 0.75
times thickness of the ice layer (t)

AWeak top layer scales

Valenza and Scherer (2006)
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SECOND EDITION

Integrated Materials and Construction
Practices for Concrete Pavement:

A STATE-OF-THE-PRACTICE MANUAL
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2026 Edition
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Materials and Construction Best
Practices

Getting back to the basicse
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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 HIR|L \Y U|S|{U|D|L

E|H|W P HIHW|CM

S|C|C C PIO|C C

C C|T

Alkali Silica Reaction X X X X X XXX X XT X X X X X
DEF and Thermal Cracking N I I I (I (IO T GO O I I N N |
Corrosion of Steel Reinforcement X X X X X Xpigi X Xi i1 X711 X
Water, Freezing, and Thawing X X X X X XXX X XT X X711 X
Sulfate Reaction X X X X X XXX X Xi X X711 X
Shrinkage X X 7T X XEXEX X717 17 17 17 71 17
Global Warming Potential When Specifigd [ Y U [ B B |
Shilstone Workability-Coarseness X X 0T 0T T XX Xrnrno0nnuu
Tarantula Curve (IR I [ I N I IS 1, I I A I O B |
Paste and Air Content to Void ContentRatio 7 X X T T T XX X T 1T 17T 17 1T 71 1
Special Design Parameters X X X X XEifgi 7T XXX X1 X X

ICHUBPESS. SRR UM Byt Spring 2026 1 National Concrete Consortium 16
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Mix Design Formulation

Effects on Concrete Properties from Incorporation of SCMs

QO Ash F Ash C Shale Cla kaolin Fume
— Water Content y y
QO Workabilit Z V Z
G 2 Z 7 7 Z
— T Z y ya y

LL
al Air Content Z Z Z z Z V4 Z
+— Heat of Hydration Z Z Z Z y Z Z
7))
D [11Yy = I ncreased; Z = Decreased; Z = Increased
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Mix Design Formulation

Effects on Concrete Properties from Incorporation of SCMs
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g QO Ash (F Ash C)| Shale Cla kaolln Fume
" — Curing Duration y y 9 37

Q 5 Early Age Strength Z z Z Z 3‘/ Z 9

U (0 Long Term Strength g y y y g g g

e} S = Abrasion Resistance Z V4 Z Z 7 Z V4

- al 2 Drying Shrinkage and Creep Z z z, 2, 2, 2, 2’

© + S Permeability Z Z Z Z yA yA yA
p) e Corrosion Z Z 7 Z 7 7 Z

L2 Alkali Silica Reaction Z Z yA Z yA yA Z

c 0 Sulfate Reaction ya ya ya ya ya ya ya

" ' 7 7 7 7 4

8 Z Z

CEU 11y = I ncreased; Z = Decreasncreased
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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 7 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

A Hold-Back Water

0010% of t hd t ot al
A Retempering

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

Handling and Placing Concrete

A Transporting

OChutes, pumps, buggi esé
A Depositing

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

A Consolidation
0 Vibration, Screeding, Bull Floating, etc.

Handling and Placing
Concrete

Depositing
A Come-Alongs

~<

A Flat Headed Shovels




Critical Points During Construction

Finishing
A Dormancy (Placed)

.....

0 Screeding and Bull Floating

A At Initial Set (Stiffened), After Bleed
0 Final Floating and Texturing

A Cold Conditions (< 40AF)

0 Heated Mixing Water, Type C Accelerating
Admi xtur esé

Best Practices

A Hot Conditions (Evaporation > Bleed)

0 Liquid-Applied Evaporation Reducers, Fogging
Nozzles, Sunshades, Canops

0 Colloidal Silica Finishing Aids
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Critical Points During Construction

Evaporation Monitoring Evaporative Conditions
A Evaporation Rate of Surface Water Evaporation Rate > Bleed Rate
0 E=(Tc 7 r*Ta")(1+0.4V)x 10° Plastic Shrinkage Cracking and

A Bleed Rate Determination Methods Incomplete Hydration .
0 Assume: 0.45 w/cm = 0.15 Ib/ft?/hr
0 Assume: 0.40 w/cm = 0.10 Ib/ft?/hr

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

0 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

A 2 x 4 in. Screed
(Magnesium or Wood)

2. Right After Screeding
to Push Aggregate Down

Bull Floating
A Magnesium Bull Float

2a. Hot Conditions (If

Present)

Evaporation Reducing
Materials

Final Floating, Edging,
Contraction Jointing

A Magnesium Hand Float
A Magnesium Darby Float

A Steel Edgers (Hand or
Walking)

R

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

.

4. Right After Final

Floating, Edging, Joints

Texturing

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

4a. Hot Conditions (If
Present)

Evaporation Reducing
Materials

s A5

5. At Final Set

Curing Materials

4 o b




Critical Points During Construction

Curing
A At Final Set (Hardened)

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

0 Penetrating Colloidal Silica Compounds for curing and
sealing

A Cold Conditions (< 404F)
O Insulating Materials, Heating, and Enclosures

A Hot Conditions (Direct Sunlight)

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

Protective Sealing

A Usage and Adoption

O Non-existent due to application of
Compounds for C
these arendt ne

A Surface Preparation

0 Pressure Washing, Shotblasting, Abrasive
Blasting, etc.

A Surface Preparation Check

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

A After Surface Preparation
OPenetrating Silanes, S

/’ massDOT

uring a
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Critical Points During Construction

Contractor Quality Control (QC)

A QC Operating Documents

0 Quality System Manual and QC Plan

A QC Laboratory

0 Department Recognized Accreditation Program
A QC Organization

0 Frontline Personnel, QC Technicians, QC
Manager
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A QC Sampling, Testing, and Inspection

0 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
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Current State of Things

A MassDOT, municipal, commercial,
and residential exterior slab
concrete exhibiting scaling

A All types of mix designs are
exhibiting scalingté

0 100% Type I/ll cement

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

7

AaswellasNOscal i ngé

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

A Hold-Back Water
0 >10% of the approved total water design

mmmmmmmm

A Retempering

0 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

[ATPLANT]  w/c RATIO: 0.41  WATER ADDED: § = 13.5% Hold-Back §-00 gl TOTAL AGGR WATER: 54.66 g|
(Spec. Lipmit O 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
A Dormancy (Placed)

mmmmmmm

=

A 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.

A Cold Conditions (< 404F)
0 No QC Plan and therefore no cold conditions planning or execution.
A Hot Conditions (Evaporation > Bleed)

0 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

0 _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 1 National Concrete Consortium
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Field Investigations and
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Observations During Construction

Non-Conforming Activities
_Curing

A At Final Set (Hardened)

0 Application of Liquid membrane-forming compounds for curing and sealing took place well

before final set, i n direct conflict with t
per the required equipment, distance from surface, or the required coverage rate. In some
cases, no attempt at curing at all é

A Cold Conditions (< 40AF)

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

FFFFFF

A Hot Conditions (Direct Sunlight)

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

/’ massDOT
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Field Investigations and

-
@)
e
qy)
-
&
qv)
X
LL
O
L
@
M
| -
@)
O
| _—
.
)
al

Observations During Construction

Non-Conforming Activities
Contractor Quality Control (QC)

=

A Implementation

0 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 « . . )
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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
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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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