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A considerable amount of research has been devoted to the stabilization of soils, aggregate, and recycled pavement materials using fly ash in highway applications, which demonstrated improvement in shear strength, compressibility and stiffness.  However, how there is limited amount of research regarding how these materials stabilized with fly ash behave after exposed to winter conditions in the field.  

Aging pavements, increasing wheel loads, and traffic frequency, combined with the effects of seasonal frost action are the main factors responsible for the rapid degradation of the highways in the northern regions of the United States.  Pavements subjected to seasonal frost, experience freezing in the winter and thawing in the spring.  During winter, an increase in strength and stiffness of the base and subgrade is observed.  When spring comes, the base and subgrade become nearly saturated as the soils thaws and the snow and ice melt; which produce a reduction in strength and stiffness, often to values lower than prefreezing conditions. The recovery of the soil takes a long time and is partial.  As a result, the weakened pavement cannot support the load for which it was originally designed, and damage occurs. 
The objective of this research was to study how the resilient modulus and unconfined compressive strength of soils stabilized with fly ash change after freeze-thaw cycling.  To reach this objective, resilient modulus and unconfined compression tests were conducted on a range of fly ash stabilized materials after freeze-thaw cycling (0, 1, 3, 5, 10, and 12 cycles).  The stabilized materials tested included fine-grained soil, coarse-grained soil, and recycled pavement material.  Five different fly ashes were used [Columbia and Riverside 7 (classified as Class C); Dewey, King and Riverside 8 (classified as off-specification)] at different percentages (10%, 12%, 14% and 20%) and at three different water contents (7% wet of optimum, optimum, and at field water content).  Tests were also conducted on soil alone (0% fly ash) without freeze-thaw cycling to define the reference condition. 

For all the mixtures, with an exception of USH 12 STA 614 + 12% Columbia fly ash, the resilient modulus (Mr) decreases in response to freeze-thaw and then appears to level off in approximately 1 to 5 cycles.  The drop in modulus ranges between 7 and 50%; with an average of 28.5%.  From these results can be concluded that for highway design, the safest way to represent the freeze-thaw cycling on the resilient modulus of the soil-fly ash or granular-material fly ash mixtures is dividing the value by 2.  


Recycled pavement materials (RPMs)-fly ash mixtures show a Mr reduction after freeze-thaw cycling as the percentage of fines increased.  Lower Mr reduction after freeze-thaw cycling were obtained when soil-fly ash mixtures and coarse-grained material – fly ash mixtures are stabilized with high CaO content fly ashes.  


A general trend of higher resilient modulus (156% to 56% higher) when soils are stabilized with fly ash even after freeze-thaw cycles is clearly observed.

In general, a reduction in unconfined compressive strength (qu) after freeze-thaw cycles up to 70% was obtained.  Different qu behavior trends were observed:

· unaffected with freeze-thaw cycling

· unaffected up to 3 to 5 freeze-thaw cycles then strength starts dropping

· drop in strength up to 3 freeze-thaw cycles and then levels off (fine-grained soils only)

· continue decrease in strength since the first freeze-thaw cycle (RPM only) 

Higher qu reduction after freeze-thaw cycles were experienced by RPMs.  


Fine-grained soils showed increase or less reduction in qu with freeze-thaw cycles when are stabilized with high CaO content fly ashes.  Coarse-grained soil and RPMs showed increase or less reduction in qu after freeze-thaw cycles when are stabilized with CaO/(SiO2+Al2O3) content fly ashes.   


A general trend of higher unconfined compressive strength (between 157% and 9.3%) when fine-grained soils are stabilized with high CaO content fly ashes even after freeze-thaw cycles is clearly observed.  Qu test could not be performed on coarse- grained soil and RPMs because are loose material. 

