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An expansive reaction between portland cement and certain siliceous aggregates 
has been known since the work of To E. Stanton in the early nineteen forties. It was not 
until Woods• Sweet and Shelburne (1945) bad correlated pavement blowups in Indiana with 
a few carbonate aggregate sources that certain limestones and dolomites were suspected 
of causing expansion when used in concrete° Swenson (1957) correlated deleterious ex- 
pansion of concrete with a single carbonate aggregate source at Kingston, Ontario• and 
further noted that the degree of expansion could be correlated w•th the level of cement 
alkali. Subsequent to this work expansive alkali-carbonate rocks have been found and 
reported in Indiana (Hadley 1961), Virg•.nia (Newlon and Sherwood 1962), and Missouri 
(Axon and Lind 1965). 

The first indication that carbonate aggregates being quarried in Virginia were 
alkali reactive resulted from measurements obtained in 1957 from an •nstrumen•d bridge 
in Rockingham County. Abnormal expansions from both the bridge deck and a companion 
beam were indicated. Subsequent lab and field •nvestigations led to the draft•.ng of a working 
plan (Newlon 1961) designed to locate and study potentially reacgve carbonate rocks •n 
Virginia. The following are brief resumes of the Progress Reports resulting from this 
study to date: 

Progress Report No. 1-- "In.itial Investigations" 

This report includes the investigations which were made on the Reckingham County 
Bridge and the aggregate that went into the suspected concrete. It includes descriptions of 
expansion and cracking of the concrete bridge• laboratory study of alkali induced rock ex- 
pansions, studies of laboratory concrete and characteristics of reactive rock. From these 
investigations it was concluded that a s.ignif•cant portion of the aggregate used in the bridge 
was alkali reactive, that the alkali reactive aggregate can cause expansion and cracking in 
concrete, and that reactivity can be detected in the laboratory by a simple prism test. 



prpgress Report Ne. 2 "Statewide Survey for React•ve Carbonate Aggr.egates" 

Two hundred and twenty-feur reck samples were taken from 42 ef the pr}ncipal 
limestone and dolomite producing quarries throughout the state. These samples were 
tested for absorption and specific gravity and analyzed for mineral cemposition by thin 
section •nd X-ray methods. Also, prisms were made from each sample and tested for 
alkali reactivity in NaOH solute.on. Composit•ens of the samples were plotted in 
binary and ternary diagrams and expansive samples were shown on the same diagrams. 
Rocks with near equal amounts •f ca}cite and delomite and high insol contents were 

found to be most reactive. Rim fermation •n aggregates in concrete was briefly 
discussed. 

Progress Report No. 3 --"'Alkali Centen•s ef Cements Used in Virginia H•.ghway Construction" 

A total of 317 cement samples representing 76 sh•.pments.fr•m 12 m}lls were taken 
throughout the state. Seven mills were found t• predominate as suppliers in Virginia. The 
predominant alkalies• with the excep•en ef that in the cement produced at one plant• were 
found te be potassium compeundso Also, with •he except}on of this one p!ant• equivalent 
Na20 averaged less than 0.70% in all cases with mes• plants being.between 0o 507o and 0.60%. 
It would appear then that •f alkali conten•s of }ess than 0.40% were ever required• some 
adjustment in procedures weuld be required •" all plants. 

Progress Report No. 4 "A S}udy of Remedial 
ReactS.on" 

Methods for Reducing Alkali-Carbonate 

The purpose of this report was tc descrY.be the results of laboratory work investigating 
remedial measures which might be employed where alkali reactive aggregates must be used. 
The measures investigated were, l) reduction of cement alkal•.es, and 2) dilution of reactive 
aggregate with non-reactive aggregate..It was concluded that both measures were effective 
in reducing concrete expansion, but that dilut•on of reactive aggregate with non-reactive 
aggregate appears to be a more practical and efficient remed}al procedure. Freeze-thaw 
studies indicate that durab•.l.•ty is also s}gnificant.•y affected by the combination of amount 
.of reactive aggregate and cement alkali, level° 

Progress.Report No. 5 "An Evaluation of Several Methods .•°or Detecting Alka!}- 
Carbonate React•.on" 

The data co}lection and analyses is essentially complete and this report should be 
completed during the cem}ng year. 



457 

P•ro]gress Report No. 6 "Field Manifestation of Alkali-Carbonate Reaction Based on a 
Survey of Structures" 

Material is essentially complete and a report should be issued in the coming year. 

P. rogress Report No. 7 --"Studies on the Mechanisms of Alkali-Carbonate Reactions, 
Part l, Chemical Reactions" 

An understanding of the mechanisms of alkali-carbonate rock reaction which result 
in expansion of concrete is of primary importance in dealing with the resultant problems on 

a practical level. Each of the three major constituents of carbonate rocks-- silica, 
clay minerals and the carbonate m}nerals were exposed to alkali solutions. The 
silica and clays gave no apparent expansive reaction. The carbonates, par•£cularly 
dolomite, reacted and increased in volume in the presence of alkali solutienso The 
reaction products developed in alkali solutions of different concentrations were •.dent•2•ed. 
Evidences of some of these produces were found •n aggregate from distressed field 
concrete. 

Additional data on some of the p j•s•ca! mechanisms of alkali-carbonate reactions 
have been developed through measurement of expansions of reactive rocks under varying 
degrees of external restraint. 

Progress• Report No. 8 "Recommendations Relating to the Control and Use of Pot• 
Reactive Carbonate Aggrega_t_es" 

Much of this portion of the project has already been completed with the enlistment 
of the cooperation of those quarry owners in the state who have reactive material in their 
quarries° A report on this phase is in progress and should be completed in 1971o 
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