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Problem Statement
• Research project is in response to reported premature scaling damage 

within new Portland Cement Concrete (PCC) pavements that have been 
cured using membrane forming curing compounds (MFCC’s)

http://nebula.wsimg.com/a3fe97072ab1155fdc
32cdd5c9ce0fd3?AccessKeyId=D94D99729E
AEC69E9267&disposition=0&alloworigin=1 

Presenter
Presentation Notes
-WISDOT has reported issues of scaling damage, particularly after the first winter of recently-placed PCC pavements	-This has occurred in pavements that are air entrained to WISDOT standards and use MFCCs, which I will discuss in a moment-Scaling damage is a visually identifiable loss of the top mortar layer of the concrete surface. The flaking of the surface results in the exposure of the aggregate that composes the bulk of the concrete. Progressive accumulation of this damage can accelerate the damage of the bulk of the concrete, increase the permeability, and result in the corrosion of steel reinforcement by ingress of deicing chemicals.The causes of scaling damage have been traced to the use of deicing chemicals during freezing and thawing cycles. Concrete is especially susceptible to scaling if it lacks proper durability



Project Goal
• Determine the influence of MFCC application time on F/T surface 

durability of paving concrete specimens (ASTM C672)

• 30 Minutes: Bleeding is occurring, with water on surface
• 2 Hours: Bleeding progress is unknown, bleed water may be on 

surface
• 4 Hours: Bleeding has terminated, bleed water is no longer 

present on surface

• Emulsions: 30 Minutes, 2 Hours, and 4 Hours
• Acrylic: 30 Minutes and 4 Hours
• Mixes containing Fly Ash: 30 Minutes and 4 Hours

Presenter
Presentation Notes
DISCUSS THREE APPLICATION TIMES CHOSEN



Mix Design
• Two coarse aggregate types (WISDOT #1)

• River run glacial gravel
• Limestone

• One fine aggregate source
• Cementitious materials

• Ordinary Portland Cement
• 30% mass replacement Fly Ash or Ground Granulated Blast 

Slag
• Madison municipal water
• Air entraining agent and water reducing admixtures
• w/cm ratio: 0.4
• Slump: 3±1 inches
• Air entrainment: 6±1%



Materials and Methods-Concrete Mixing and Specimen Manufacture

• ASTM C672 Scaling Test Specimens
• Three replicate specimens per mix type-curing compound-application time 

combination
• MFCCs applied using balance accurate to 0.1 grams
• 3” deep by 12” diameter
• 1” deep, 10” diameter PVC dam adhered to testing surface
• Sealed with caulk on testing edge, epoxy around non-testing surfaces
• Cured for 56 days prior to freeze-thaw testing

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6
Limestone-

OPC
Limestone-

Slag
Limestone-

Fly Ash Gravel-OPC Gravel-Slag Gravel-Fly 
Ash

Presenter
Presentation Notes
Concrete mixes were made in a rotary drum style mixer. A preliminary butter batch was made to coat the inside of the mixer and estimate material properties. Full batches of 



Methods and Materials-MFCC Descriptions

• Wet Room Curing
• One set of specimens from each mix type, used to as representative of 

more traditional methods for comparison

• Water-based emulsion MFCCs (white pigmented for WISDOT use)

• Linseed Oil
• Application rate of 14.9 grams/specimen, solids fraction of 40-50%

• Wax
• Application rate of 14.9 grams/specimen, solids fraction of 15-25%

• Poly-alpha-methylstyrene (PAMS)
• Application rate of 14.9 grams/specimen, solids fraction of approximately 

52.5%

• Sealing Compound (non-pigmented)
• Acrylic

• Application rate of 9.1 g/specimen, solids fraction of approximately 25%

Presenter
Presentation Notes
Five different curing regimes were used within this study:	-Wet Room: used to compare all other mixes to the ‘ideal’ or ‘traditional’ methods of humidity control curingEMULSIONS:	-Linseed Oil: linseed oil active component, suspended in water-Wax: most likely paraffin wax component, suspended in water-PAMS: resin of chains of PAMS, suspended in waterSealer: Used more for indoor applications, for polished surfaces, stain resistanceAcrylic: copolymer of acrylic and methacrylate resin in organic solvent (not water based)



Methods and Materials-Scaling Test
• ASTM C672

• ¼” layer of 4% by mass NaCl 
in deionized water solution

• 1 freeze-thaw cycle: 4 hours at 
32oC, 20 hours at -16oC

• Every 5 cycles, pooled water is 
poured over #200 sieve.

• Specimen is gently rinsed over 
sieve

• Solution replaced and put back 
into freeze-thaw chamber

• Collected mass is dried for 24 
hrs, weighed and recorded
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Presenter
Presentation Notes
This slide shows the Linseed Oil scaling data charts per mix type. Blue represents 30 Minutes, red is 2 Hours, and yellow is the 4 Hour data. The trend is immediately visible, where increasing the application time beyond 30 Minutes resulted in reduced scaling damage. rend in Linseed Oil is consistent across all mix types: increasing application time reduces scaling damage. This is most profound when comparing the scaling damage amount between the 30 Minute and the other specimen groups. 
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Presentation Notes
Wax: APPLICATION TIME DID NOT APPEAR TO REDUCE SCALING RESISTANCE OF WAX COATED CONCRETES BY A STATISTICALLY SIGNIFICANT AMOUNT
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Comparison Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6
30 Min v. 2 Hr NO NO NO NO
30 Min v. 4 Hr NO NO NO NO NO NO

2 Hr v. 4 Hr NO NO NO NO

Presenter
Presentation Notes
PAMS: No statistically significant differences between the means of any app time for any mix type was observed for PAMS. Application time did not appear to influence a change in scaling damage. Scaling in slag mixes were much higher across all three app times for PAMS than other mixes, indicating a possible incompatibility between PAMS and Slag.APPLICATION TIME DID NOT APPEAR TO REDUCE SCALING RESISTANCE OF PAMS COATED CONCRETES BY A STATISTICALLY SIGNIFICANT AMOUNT
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Comparison Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6

NO YES YES30 Min v. 4 Hr YES NO YES

Presenter
Presentation Notes
NOTE THE SCALE CHANGE: Gravel/fly ash was poured at RH of 83%. This may have led to the outlying scaling amount of nearly 2000 g/m2.Statsig differences were observed in all mixes except 2 and 4, although 4 appears to be due to Type II error. Regardless, the trend shows that across all mix types, scaling damage was reduced by increasing this application time from 30 Minutes to 4 Hour within the Acrylic specimens



Conclusions

• Different curing compounds work best when applied at times that reflect  
mix characteristics and conditions of the concrete surface

• Linseed Oil and Acrylic formulations were sensitive to time of 
application.   30 minutes is too soon to apply linseed oil and acrylic 
formulations.

• Two to four hours depending on conditions.  Two hours application time 
very dependent on conditions.

• Wax varied but 2 hours was worst and 4 hours was best.

• PAMS formulations were not consistently time sensitive  

• In particular PAMS performed inconsistently with Slag Cement

Presenter
Presentation Notes
The hypothesis of this study once again was….Based upon the results of this study, this hypothesis was accepted for the Linseed Oil and Acrylic formulations.However, this hypothesis cannot be accepted for the Wax or PAMS formulations.



Conclusions
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