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OUTLINE

òPerformance Engineered Mixtures

ò Implementation in Iowa

òExperiences to Date

ò Implications for Ready-mix



BACKGROUND

òMany aspects of concrete pavements have changed 

over the years:

éMix design (SCMs, gradations, chemical admixtures)

éConstruction (slipformpaver)

éMaintenance (de-icing chemicals)

Images: Todd Hanson, Iowa DOT



BACKGROUND

ò In recent years, some concrete pavements have not 

achieved sufficient long-term durability

é Iowa: joint deterioration in urban areas

Image: CP Tech Center



BACKGROUND

òDurability needs to become the priority for pavement 

mix design ɷ Performance Engineered Mixtures

éAnalogy: similar to how set time and temperature are 

prioritized in bridge deck or mass concrete pours and how 

that drives mix design differently



PERFORMANCE ENGINEERED MIXTURES (PEM)

òConcrete pavementmixtures engineered to enhance 

long-term durabilityin the environment in which they 

serve

éCold climates/freeze-thaw

éLocal materials

éUrban environment

ðReady-mix market



PERFORMANCE ENGINEERED MIXTURES (PEM)

òSpecification sets out overall performance goals that 

can be met multiple ways

éChoose what factors are important to you (agency)

éCan be met using local materials and practices

é Implement as-or where-needed

éNew test methods as an option



PERFORMANCE ENGINEERED MIXTURES (PEM)

òKey points of emphasis:

éLow w/cm ratio

éAbout 30-40% replacement with SCMs

ðFly ash, slag

éAir entrainment



LOWERING W/CM

òTarget w/cm: 0.40

éMaximum allowable: 0.42 to 0.45

òLess permeable = more durable

éSlows time to critical saturationñfreeze-thaw damage

éHelps limit infiltration of de-icing chemicals

Image: CP Tech Center



SCM REPLACEMENT

òPrimary motivation: increasing use of de-icing salts

éSalts like CaCl2 and MgCl2 can keep pavements saturated

Images: CP Tech Center



SCM REPLACEMENT

òPrimary motivation: increasing use of de-icing salts

éSalts like CaCl2 and MgCl2 can keep pavements saturated

éAnd result in direct chemical attack on the concrete itself

Image: CP Tech Center

Calcium oxychloride



SCM REPLACEMENT

òDe-icing chemicals react with CH in the concrete 

microstructure to produce oxychlorides



SCM REPLACEMENT

òHow SCMs help with chemical attack:

Cement

Water

SCM + Water +

+ C-S-H

+

CH = more C -S-H 

=

Source: CP Tech Center



SCM REPLACEMENT

òEnd result: significant improvement in durability

éConsuming CHinhibits oxychloride formation to resist 

chemical attack

éProducing more C-S-H further densifies the 

microstructure & reduces permeability

Source: CP Tech Center



SCM REPLACEMENT

òSpecified replacement rate for PEM pavement 

mixtures: 35% by weight of cement

éFly AshñClass C and Class F

éSlag


