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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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ñA general loss of surface mortar or 
mortar surrounding the coarse 
aggregate particles on a concreteò

ïAmerican Cement Association

ñLocal flaking or peeling away of 
the near-surface portion of 
hardened concreteò

ïAmerican Concrete Institute

Definition
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Causes
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Scaling is Susceptible to concrete with insufficienté

Materials

Durability Workability

Construction

Maturity Workmanship

Causes
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Causes ïMaterials
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Insufficient Durability

ÁPoor air entrainment

ÁHigh water to cementitious ratio

ÁUnaccounted for free moisture on aggregate

ÁHigh permeability

Insufficient Workability

ÁPoor air, combined aggregate, and paste systems

ÁImproper dosage or insufficient usage of chemical 
admixtures

ÁUnaccounted for absorption of aggregate

ÁToo much water ñheld backò at the plant

ÁImproper ñre-temperingò of hold-back water

ÁDeviation from the approved mix design
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Causes ïConstruction
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Insufficient Maturity

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

Improper Workmanship

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

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

ÁImproper finishing methods

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

ÁInadequate curing methods

ÁUse of prohibited tools and conducting prohibited practices
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Delamination
ÁTrapped bleed water (and air) under 

the hardened paste from use of 
prohibited finishing tools (steel 
trowels) or final finishing operations 
conducted too early (bleed water still 
rising)

ÁBleed water (and air) collects under 
the hardened paste layer resulting in 
no bond with the substrate

ÁInsufficient application of evaporation 
reducing materials, causing moisture 
loss and surface ñcrustingò while the 
concrete is still plastic beneath

ÁHardened paste layer chips off

Mechanisms
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Weak Top Paste Layer

ÁñBlessingò the surface

ÁFinishing in bleed water

ÁFinishing in evaporation reducers

ÁInsufficient curing

ÁInsufficient protections from 
adverse conditions

ÁResults in substantially weak, 
porous, and carbonated top paste 
layer

Mechanisms

WARNING

NOT A FINISHING AID.

DO NOT FINISH INTO OR

UNDER THE SURFACE. 11

PROPER APPLICATION

APPLY DURING EVAPORATIVE 

CONDITIONS TO PREVENT

RAPID MOISTURE LOSS.
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Weak Top Paste Layer ïInternal Pressures 

ÁWater in the concrete pore solution solidifies into ice

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

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

ÁWeak top layer scales

Mechanisms
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Weak Top Paste Layer ïGlue Spall 
Mechanism

ÁWater (or brine solution) freezes onto 
concrete surface creating a composite

ÁComposite temperature decreases, 
stresses form from thermal expansion 
mismatch between ice and concrete

ÁIce thermal expansion coefficient five 
times higher than concrete

ÁIce is put in tension and fractures

ÁCracks in ice penetrate the concrete 
substrate up to a depth (d) of 0.75 
times thickness of the ice layer (tf)

ÁWeak top layer scales

Mechanisms

Valenza and Scherer (2006)
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Materials and Construction Best 
Practices
Getting back to the basicsé
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Mix Design Formulation
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Materials and Construction Best Practices
Mix Design Formulation
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Mix Design Parameters C

C

H

P

C

H

E

S

C

R

H

C

L

W

C

S

C

C

E

S

C

P

C

M

P

C

F

R

C

U

H

P

C

S

H

O

T

U

W

C

D

C

L

M

C

I

C

C

Alkali Silica Reaction X X X X X X X X X X ï X X X X X

DEF and Thermal Cracking ï ï ï ï ï ï ï ï X ïï ï ï ï ï ï

Corrosion of Steel Reinforcement X X X X X X ï ï X X ï ï X ï ï X

Water, Freezing, and Thawing X X X X X X X X X X ï X X ï ï X

Sulfate Reaction X X X X X X X X X X ï X X ï ï X

Shrinkage ï X X ï X X X X X ï ï ï ï ï ï ï

Global Warming Potential When Specified ï ï ï ï ï ï ï

Shilstone Workability-Coarseness ï X X ï ï ï X X X ï ï ï ï ï ï ï

Tarantula Curve ï ï ï ï ï ï X X ï ïï ï ï ï ï ï

Paste and Air Content to Void Content Ratio ï X X ï ï ï X X X ï ï ï ï ï ï ï

Special Design Parameters ï X X X X X ï ï ï X X X X ï X X
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Mix Design Formulation
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[1] ŷ = Increased; Ź = Decreased; Ż = Increased or Decreased; ź = No Impact

Property Coal 

Ash (F)

Coal 

Ash (C)

Calcined 

Shale

Calcined 

Clay

Meta-

kaolin

Slag Silica 

Fume
F

re
s
h

Water Content Ź Ź ź ź ŷ Ź ŷ

Workability ŷ ŷ ŷ ŷ Ź ŷ Ź

Bleeding and Segregation Ź Ź ź ź Ź Ż Ź

Setting Time ŷ Ż ź ź ź ŷ ź

Air Content Ź Ź ź ź Ź ź Ź

Heat of Hydration Ź Ż Ź Ź ź Ź Ż
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Mix Design Formulation
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s Effects on Concrete Properties from Incorporation of SCMs [1]

[1] ŷ = Increased; Ź = Decreased; Ż = Increased or Decreased; ź = No Impact

Property Coal 

Ash (F)

Coal 

Ash (C)

Calcined 

Shale

Calcined 

Clay

Meta-

kaolin

Slag Silica 

Fume

H
a
rd

e
n
e
d

Curing Duration ŷ ŷ ŷ ŷ ŷ ŷ ŷ

Early Age Strength Ź ź Ź Ź ŷ Ż ŷ

Long Term Strength ŷ ŷ ŷ ŷ ŷ ŷ ŷ

Abrasion Resistance ź ź ź ź ź ź ź

Drying Shrinkage and Creep ź ź ź ź ź ź ź

Permeability Ź Ź Ź Ź Ź Ź Ź

Corrosion Ź Ź Ź Ź Ź Ź Ź

Alkali Silica Reaction Ź Ź Ź Ź Ź Ź Ź

Sulfate Reaction Ź Ż Ź Ź Ź Ź Ź

Freezing and Thawing ź ź ź ź ź ź ź

Scaling ź ź ź ź ź ź ź
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Exterior Slab Concrete (ESC)



PC (%) > 28.0

PCA / VCM > 1.75

C NMAS S AC W/CM PC YIELD UW

DOT (PSI) (IN.) (IN.) (%) RATIO (%) FINE CA1 CA2 CA3 CEM SCM1 SCM2 SCM3 PKG FIBER WT WADMIX AD1 AD2 AD3 AD4 AD5 AD6 (CF) (PCF)

05 4000 3/4 5 7.0 0.44 28.5 1178.0 450.0 1270.0 0.0 310.0 310.0 0.0 0.0 0.0 0.0 32.7 0.3 3.0 0.0 36.6 0.0 0.0 0.0 27.00 140.4

TCM ECC THICK

2 IN. 1 1/2 IN. 1 IN. 3/4 IN. 1/2 IN. 3/8 IN. #4 #8 #16 #30 #50 #100 #200 CF WF (LBS.) (LBS.) (FT.)

100.0 100.0 100.0 99.6 81.6 61.6 45.0 35.9 28.4 19.9 10.2 3.3 0.8 60.0 37.4 620.0 589.0 2.5

TMAX (°F) TC (°F) TA (°F)

Zone IV 158.00 70 60

THICK.

Zone III (FT.)

Zone II 9.00

Zone I 9.00

Zone V 9.00

1.22

1.52

1.80

FM CA (%) q E (%) VCA (%) PC (%) PCA (%) VCM (%) RATIO 2.68

4.96 55.0 0.45 81.0 27.4 28.5 35.5 17.7 2.01 9.00

9.00

Modified Andreasen Distribution Paste Content (%) PCA / VCM Ratio

OPTIMIZED COMBINED AGGREGATE AND PASTE SYSTEM ANALYSIS

PERCENT BY MASS PASSING (%) PERCENT RETAINED BY MASS (%) ON EACH SIEVE SHILSTONE WORKABILITY-COARSENESS FACTOR

CLOSE CONFORMITY II:  3/4 - 2 IN.

DPWS4034SW ESC

Fine 

Sand Coarse

Sand DS (SOIL)

DS (CASING)

DS (WATER)

ABUTMENT

OPTIMIZED GRADATION ZONE II (OPTIMUM FOR NMAS 3/4 IN. - 2 IN.):  OPTIMIZED 

WORKABILITY FACTOR AND COARSENESS FACTOR

MIX DESIGN FORMULATION

MIX DESIGN ID NO.

MIX DESIGN TYPE

AGGREGATE (LBS.) CEMENTITIOUS; PACKAGED; FIBER (LBS.) WATER (GAL.) ADMIXTURES (FL. OZ.)

PRODUCER

TARANTULA CURVE RESULT ZONE

PIER (ABOVE)

PIER CAP

PILE CAP

BRIDGE DECK

SLAB (GRADE)

APPLICATION

DEF/Thermal 

Crack Resistance
Tarantula Curve Shilstone Chart

SPECIFIC
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Materials and Construction Best Practices
Mix Design Formulation
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No segregation and 

good workability 

observed during the 

trial batch.
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Critical Points During Construction
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ÁHold-Back Water

o Ò10% of the approved total water design

ÁRetempering

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

Handling and Placing Concrete

ÁTransporting

o Chutes, pumps, buggiesé

ÁDepositing

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

ÁConsolidation

o Vibration, Screeding, Bull Floating, etc.

Handling and Placing 
Concrete

Depositing

ÁCome-Alongs

ÁFlat Headed Shovels

22



Finishing

ÁDormancy (Placed)

o Screeding and Bull Floating

ÁAt Initial Set (Stiffened), After Bleed

o Final Floating and Texturing

ÁCold Conditions (< 40ÁF)

o Heated Mixing Water, Type C Accelerating 
Admixturesé

ÁHot Conditions (Evaporation > Bleed)

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

o Colloidal Silica Finishing Aids

Critical Points During Construction
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Critical Points During Construction
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ÁEvaporation Rate of Surface Water

o E = (Tc
2.5
ïr * Ta

2.5
)(1 + 0.4V) x 10

-6

ÁBleed Rate Determination Methods

o Assume: 0.45 w/cm = 0.15 lb/ft²/hr

o Assume: 0.40 w/cm = 0.10 lb/ft²/hr

o Mixes with < 0.40 w/cm, air > 7.5%, water 
reducers, or fine materials may have a 
lower bleeding rate

o Test Panel: Placed concrete appears dry 
while the test panel accumulates water 
under transparent plastic = Evaporative 
Conditions

o AASHTO T 158 Bleeding Test

24

Balanced BleedingExcess Bleed WaterEvaporative Conditions 
Evaporation Rate > Bleed Rate 

Plastic Shrinkage Cracking and 

Incomplete Hydration



4. Right After Final 
Floating, Edging, Joints

3. At Initial Set and Bleed 
Water Stops

2. Right After Screeding 
to Push Aggregate Down

2a. Hot Conditions (If 
Present)

1. Right After Placing to 
Level Concrete 
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Screeding

Á2 x 4 in. Screed 
(Magnesium or Wood)

Final Floating, Edging, 
Contraction Jointing

ÁMagnesium Hand Float

ÁMagnesium Darby Float

ÁSteel Edgers (Hand or 
Walking)

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

Texturing

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

Evaporation Reducing 
Materials

Bull Floating

Á Magnesium Bull Float
4a. Hot Conditions (If 
Present)

Evaporation Reducing 
Materials

5. At Final Set

Curing Materials



Critical Points During Construction
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ÁAt Final Set (Hardened)

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

o Penetrating Colloidal Silica Compounds for curing and 
sealing

ÁCold Conditions (< 40ÁF)

o Insulating Materials, Heating, and Enclosures

ÁHot Conditions (Direct Sunlight)

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

o Non-existent due to application of 
Compounds for Curing and Sealingébut 
these arenôt necessarily ñtrueò sealersé

ÁSurface Preparation

o Pressure Washing, Shotblasting, Abrasive 
Blasting, etc.

ÁSurface Preparation Check

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

ÁAfter Surface Preparation

o Penetrating Silanes, Siloxanesé

o Colloidal Silica Compounds
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Critical Points During Construction
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ÁQC Operating Documents

o Quality System Manual and QC Plan

ÁQC Laboratory

o Department Recognized Accreditation Program

ÁQC Organization

o Frontline Personnel, QC Technicians, QC 
Manager

ÁQC Sampling, Testing, and Inspection

o Random Sampling, Test Report Forms, 
Inspection Report Forms, and Non-Conformance 
Report Forms
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Weeks ðYears10 Min. 1 ð4 Hrs. 24 Hrs.10 Hrs.

---Final Finishing--------------------------Curing-----------------------|--Screeding & Bull Floating--



Field Investigations and Petrographic 
Examination
Uncovering the mystery behind surface deterioration.
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Current State of Things
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ÁMassDOT, municipal, commercial, 
and residential exterior slab 
concrete exhibiting scaling

ÁAll types of mix designs are 
exhibiting scalingé

o 100% Type I/II cement

o Type I/II cement and SCMs

o 100% Type IL cement

o Type IL cement and SCMs

Áas well as NO scalingé
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Current State of Things
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0 1 2 3 4 5 6 7 8 9 10 11

15% Coal Ash

20% Coal Ash

20% Slag

25% Coal Ash

25% Ground Glass Pozzolans

25% Slag

30% Coal Ash

15% Coal Ash + 20% Slag

40% Slag

50% Slag

1

7

4

6

2

11

3

3

6

5

No. of Plants Producing Exterior Slab Concrete (48 Total)

Plant Distribution of Exterior Slab Concrete Mix Designs



Observations During Construction
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Mixing and Delivery

ÁHold-Back Water

o >10% of the approved total water design

ÁRetempering

o After discharging of the first 1/3 of the load, multiple times

= 13.5% Hold-Back

(Spec. Limit Ò 10%
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Observations During Construction
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Non-Conforming Activities
Finishing

ÁDormancy (Placed)

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

ÁAt 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.

ÁCold Conditions (< 40ÁF)

o No QC Plan and therefore no cold conditions planning or execution.

ÁHot Conditions (Evaporation > Bleed)

o 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.
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Observations During Construction
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Use of roller tamper in lieu of 

screed and bull float. Pushing broom. Use of walking floats.

Use of steel fresno in lieu of 

magnesium bull float.

Finishing in evaporation 

reducers. Use of 

inadequate bull float.



Observations During Construction
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Overworking surface. Use of walking 

floats.

ñBlessingò brush



Observations During Construction
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Non-Conforming Activities

Curing

ÁAt 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 Manufacturerôs 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 allé

ÁCold Conditions (< 40ÁF)

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

ÁHot 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.
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Non-Conforming Activities

Contractor Quality Control (QC)

ÁImplementation

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.
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Observations Post Construction
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No Scaling Description

The surface remains intact 
with broomed finish still 
present.
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Minor Scaling Description

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