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Abstract Abstract 
Concrete with dolomite coarse aggregate was obtained by coring existing Iowa highways. The concretes 
were of two types, those which were very durable under highway conditions and those which were low 
durability. Samples were experimentally deteriorated using wet/dry, freeze/thaw, and continuous soak 
conditions in solutions of magnesium chloride, calcium chloride, sodium chloride, magnesium acetate, 
magnesium nitrate, and distilled water in order to determine relative deterioration activities. Magnesium 
chloride was most destructive. Calcium chloride was next, and sodium chloride was relatively benign. 
Magnesium acetate produced severe crumbling and moderate fracturing, and magnesium nitrate caused 
moderately severe deterioration by crumbling and discoloration. Low durability concrete was somewhat 
more affected by distilled water freeze/thaw conditions than more durable material, but generally both 
types were severely damaged by magnesium and calcium salts. These results suggest that magnesium 
and calcium deicers may accelerate highway concrete deterioration. 
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ing to development of calcium chloroalwninate were probably most 
significant (JJ). Further damage is caused by concentrated CaCl2 

solutions which d.issolve Ca(OH)2 from concrete, thus leaving a 
more porous structure. Th.ese pores may be filled with new materi
als produced by reactions involving CaCI2 solutions, cement phase 
Ca(OH)2, and CO2 derived from the atmosphere or from dissolu
tion of limestone/dolomite aggregates (12) . Growth of the newly 
precipitated salts may produce crystal growth pressures analogous 
to those produced by brucite precipitation in magnesium chloride 
experiments. 

CONCLUSIONS AND APPLICATIONS TO HIGHWAY 
DURABILITY 

In laboratory experiment conditions, magnesium chloride, magne
sium acetate, magnesium nitrate, and calcium chloride are much 
more damaging to concrete under several different environmental 
conditions than rock salt. Anion composition was much less 
important than cation composition in affecting deterioration. 
Deicer concentration was found to be significant These results show 

that magnesium and calcium deicers may be deleterious to con
crete highways, and that the rate of deterioration will depend on 
the amount and frequency of applications. 

There is considerable interest in new deicers, especially magne
sium chloride because of its anti-icing properties and its effective
ness at lower temperatures than rock salt, and calcium magnesium 
acetate (CMA) because it reduces steel corrosion and groundwater 
chloride contamination. Our experiments document that the substi
tution of magnesium and/or calcium deicers for rock salt may have 
unintended consequences in accelerating concrete deterioration. 
Long-term, carefully controlled field experiments with magnesium 
and calcium deicers are essential in order to fully determine the 
effects of long-term use of these deicers under highway conditions 
and to determine if they are suitable substitutes for rock salt. 
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FIGURE 1 Effects of experimental treatme.nts on concretes. A, B. Nondurable concrete containing dolomite aggregate from 
the Garrison Quarry. A. Calcium chloride treatments: No = no treabnent; Ca Wet/Dry = Soaking at 60°C, drying at 90°C. Note 
the severe rim fractures developed during wet/dry cycling. B. Magnesium chloride treatments. Severe crumbling is shown by 
loss of sharp edges and comers during wet/dry cycling. C. Nondurable concrete containing dolom.ite aggregate from the Paralta 
Quarry, wet/dry cycling (90°C drying). Severe crumbling and dark brown discoloration resulted from magnesium chloride 
treatments, and random cracking (arrow) and discoloration from calcium wet/dry cycling. The concrete was little affected by 
sodium chloride. D. Durable concrete with dolom.ite aggregate from Mar-Jo Hills Quarry. Effects on durable concretes are 
similar to those developed by identical treatment of nondurable material. 
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