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OUTLINE

o Performance Engineered Mixtures
o Implementation in lowa

o Experiences to Date

o Implications for Reanx




BACKGROUND

o Many aspects of concrete pavements have ché
over the years:

¢ Mix design (SCMs, gradations, chemical admixture
¢ Constructions(ipfornpaver)
¢ Maintenance (deing chemicals)
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BACKGROUND

o In recent years, sonmcretgavements have nof
achievedgufficient longerm durabillity

¢ lowa: joint deteriorationurban areas
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BACKGROUND

o Durability needs to become the priority for pave
mi X d ePsrfognanceacngineered Mixtures
¢ Analogy: similar to how set time and temperature a

prioritized in bridge deck or mass concrete pours a
that drives mix design differently



PERFORMANCE ENGINEERED MIXTURE

o Concret@avemennixtures engineered to enhan
longtermdurabllityn the environment in which tf
serve
¢ Cold climates/freezbaw
¢ Local materials

¢ Urban environment
5 Readymix market




PERFORMANCE ENGINEERED MIXTURE

o Specification sets out overall performance goa
can be met multiple ways

¢ Choose what factors are important to you (agency)
¢ Can be met using local materials and practices

¢ Implement a®r whereeeded

¢ New test methods as an option

6.5 Durabilitv of Hydrated Cement Paste for Freeze—Thaw Durability

Water to Cementitions Ratio — 0.45 — Yes Yes
Fresh Air Content T152 T196 TP 118 Sto 8 i) Yes Yes Choosze only one
Fresh Air Content/SAM T132 T196. TP 118 4% air; <0.2 Do, psi Yes Yes

Choosze onlv one




PERFORMANCE ENGINEERED MIXTURE

o Key points of emphasis:
¢ Low w/cm ratio

¢ About 3810% replacement with SCMs
8 Fly ash, slag

¢ Air entrainmeny_




LOWERING W/CM

o Target w/cnD.40
¢ Maximum allowable: 0.42 to 0.45

o Less permeable = more durable
¢ Slows time to critical saturafitneezethaw damage

¢ Helps limit infi
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SCM REPLACEMENT

o Primary motivation: increasing useioimggesalts
¢ Salts like Cagand MgGlkan keep pavements satura
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SCM REPLACEMENT

o Primary motivation: increasing useioimggesalts
¢ Salts likeCaCland MgGlan keep pavements satura
¢ And result in direct chemical attack on the concrete

Calcium oxychloride
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SCM REPLACEMENT

o Delcing chemicals react within the concrete
microstructure to produce oxychlorides

3Ca(OH), + CaCl, + 12H,0 = CaCly-3Ca(0OH),- 12H,0

Calcium Oxychloride




SCM REPLACEMENT

o How SCMs help with chemical attack:

Cement
+ = C-S-H
Water
+
SCM + Water +CH = moreC -S-H

Source: CP Tech Ceﬂwter



SCM REPLACEMENT

o End result: significant improvement in durability

¢ Consumin@Hinhibits oxychloride formation to resist
chemical attack

¢ Producing mofeS-Hfurther densifies the
microstructure & reduces permeability

Source: CP Tech Ceﬂwter



SCM REPLACEMENT

o Specified replacement rate for PEM pavement
mixtures: 35% by weight of cement

¢ Fly AgmClass C and Class F
¢ Slag




