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Foreword 

This report approaches the "alkali-aggregate's problem from a prac-
tical viewpoint. It is intended to provide information concerning the 
locations where the reaction has occurred, the laboratory techniques 
that have been developed to identify potentially reactive aggregates, and 
recommendations for their use in concrete. Theoretical discussions of 
the mechanisms of the reaction have been omitted. Instead, emphasis 
is placed on what has been done and the findings that will most likely be 
useful to engineers faced with problems of identifying potentially danger-
ous aggregates or with the necessity for using such aggregates in struc-
tures. No attempt has been made to prescribe exact measures that should 
be taken in any specific instance, inasmuch as no single solution will be 
applicable to all situations. 

The report has been prepared 'by Project Committee B-2, Durability 
of Concrete - Chemical Aspects, in the Concrete Division of the De-
partment of Materials' and Construction. The principal work was done 
by a task force of the committee composed of William Lerch, Portland 
Cement Association, (Chairman),; W.E. Gibson, State, Highway Com-
mission of Kansas; W.C. Hansen, Universal Atlas Cement Company; 
Bryant Mather, Corps. of Engineers; and Bailey Tremper, California 
Division of Highways. 

The committee wishes to thank these men for their efforts. 

Woodrow J. Ha/stead, Chairman 

Committee on Durabi/ity of 

Concrete - Chemical Aspects 



Chemical Reactions of Aggregates in Concrete 

IDENTIFICATION OF DELETERIOUSLY REACTIVE AGGREGATES AND 
RECOMMENDED PRACTICES FOR THEIR USE IN CONCRETE 

IT HAS BEEN established that chemical reactions of aggregates in concrete can 
have a significant effect on the performance of the concrete in pavements and structures. 
These chemical reactions may be either beneficial or deleterious. The beneficial re-
actions improve the strength and other properties of the concrete. The deleterious 
reactions sometimes cause abnormal expansion, cracking, and loss of strength. 

This report identifies the minerals or rocks that are known to cause deleterious 
chemical reactions in concrete, cites the geographical location of known reactive ag-
gregates in the United States, describes the various methods of test that may be applied 
to identify reactive aggregates, and discusses the recommended procedures that can 
be applied to produce durable concrete even when deleteriously chemically reactive 
aggregates are used. 

BENEFICIAL CHEMICAL REACTIONS 

The bond between the aggregate and the matrix has a significant effect on the strength, 
permeability, and durability of concrete. It is probable that the bond is affected by 
chemical reactions at the surface of the aggregate and by the surface texture or other 
characteristics of the aggregate. 

There is no suitable direct method available for measuring the bond between the ag-
gregate and the matrix. The strengths obtained in testing the mortar-making proper-
ties of fine aggregates (1), the compressive strength of concrete cylinders (2), and 
flexural strength of concrete (3), and visual observations made in connection with 
these tests, provide some information about the bond. High strengths are some indica-
tion of a good bond. When it is observed that breaks occur through the aggregate, there 
is evidence of good bond. When the break occurs around the aggregates and they can 
be pulled out of their sockets, there is evidence of a poor bond. The entire problem 
of the chemical and physical, factors that influence the bond between aggregate and 
matrix is one that deserves further study. 

DELETERIOUS CHEMICAL REACTIONS 

The recognition of deleterious chemical reactions of aggregates in concrete is rel-
atively recent. Prior to about 1940, most aggregates were usually considered to be 
chemically inert as used in concrete. The publication in 1940 of papers by Stanton on 
"Influence of Cement and Aggregate on Concrete Expansion" (4) and "Expansion of 
Concrete Through Reaction between Cement and Aggregate" (5) clearly demonstrated 
that certain siliceous constituents, present in some aggregates, can react with the 
alkalies (Na2O and K20) in cements to cause abnormal expansion and cracking in mor-
tars and concretes. 

These observations led to an intensive study in many different laboratories of the 
entire problem of deleterious chemical reactions of aggregates in concrete. These 
studies confirmed the original finding by Stanton that the alkali -aggregate reaction can 
cause abnormal expansion in concrete. They have indicated also that there probably 
are other, not yet clearly defined, chemical reactions of aggregates in concrete that 
can cause abnormal expansion. On the basis of present knowledge, the deleterious 
chemical reactions of aggregates in concrete can be described in two categories, as 
follows: 

The alkali-aggregate reaction, which is a reaction between the Na20 and K20 in 
the cement and certain siliceous constituents that may be present in the aggregate. 

A cement -aggregate reaction, not yet clearly defined, that does not appear to be 
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Figure 1. Location of structures in the United States IQown to be affected by, and rivers known to carry, 
deleteriously reactive aggregate (based on Mielenz; Ref. 12). 



closely related to the alkali content of the cement. The aggregates along certain rivers 
in Kansas, Nebraska, and neighboring areas develop this type.of cement -aggregate 
reaction. 

The studies have been directed also toward developing the following: 

Methods of test for aggregates to determine their potentialities of producing 
deleterious chemical reactions in concrete. 

The selection of suitable cementitious materials, or aggregate combinations, 
that can be used with the reactive aggregates to produce durable concrete. 

GEOGRAPHIC LOCATION OF KNOWN DELETERIOUSLY REACTWE AGGREGATES 

Figure 1 shows the geographic location of known reactive aggregates in the United 
States. For the most part, they occur along the courses of several major rivers in 
the western, mid-west and southeastern states. There are two apparently isolated 
areas, one in Virginia and one in New York. The reactive aggregates in these areas 
have been identified by laboratory tests and by the performance of the aggregates in 
concrete pavements and structures. 

mENTIFICATION OF DELETERIOUSLY ALKALI-REACTIVE AGGREGATES 

Several methods of test have been developed to identify the potentially reactive min-
erals and rocks that may produce deleterious alkali reactions in concrete. The signif-
icance of the tests is discussed in the following. 

Deleteriously Alkali Reactive Rocks and Minerals 

Based on extensive laboratory tests and observations of the performance of concrete, 
the known rocks and minerals and synthetic substances that are potentially deleteriously 
reactive with alkalies are listed in Table 1. 

Field Service Records 

The service records of concrete pavements and structures provide the best informa-
tion for the selection of aggregates. When an aggregate has been used extensively with 
cements of different composition, including high- and low-alkali contents, and the pave-
ments and structures have good service records, it can be assumed that the aggregate 
does not contain minerals or rocks that would produce deleterious reactions in concrete, 
providing there has been no significant change in the aggregate strata or processing. 

Figure 1 provides further information from service records, to indicate the areas 
in which reactive aggregates are most likely to occur. It is often necessary to use ag-
gregates from new sources of supply, or in different combinations, where such service 
records are not available. It then becomes necessary ot make laboratory tests to 
identify reactive types and to determine the potential deleterious reactivity of the 
aggregates. 

Petrographic Examination of Aggregates 

The microscope provides a useful tool for the examination of aggregates. The rocks, 
minerals, and synthetic substances known to be deleteriously reactive (Table 1) can be 
identified by petrographic examination. Such examination of aggregates assumed a role 
of increased importance when it became recognized that the chemical reactions of ag-
gregates in concrete may have a significant effect on the durability of concrete. The 
ASTM has adopted a "Recommended Practice for Petrographic Examination of Aggre-
gates for Concrete (C 295)" (6), which outlines procedures to be used on samples rep-
resentative of aggregate materials. A number of publications (6, 7, 8, 9, 10, 11, 12 
13) show the value of petrographic examinations as a means of identifying potentially 
reactive minerals and rocks in the aggregates and the source of reactive materials and 
the characteristics of reaction products in affected mortars and concretes. 

When petrographic examination of the aggregate fails to identify the presence of any 
of the deleteriously reactive rocks, minerals, or synthetic substances listed in Table 1, 



TABLE 1 

DELETERIOUSLY REACTIVE ROCKS, MrNERALS, AND SYNTHETIC SUBSTANCES 

Reactive Substance 	Chemical Composition 	 Physical Character 

Opal 

Chalcedony 

Certain forms of quartz 

Cristobalite 

Tridymite 

SiO2  . nH20 Amorphous 

SiO2  Microcrystalline to 
cryptocrystalline; 
commonly fibrous 

SiO2 , Microcrystalline to 
c ryptocrystalline; 
Crystalline, but in- 
tensely fractured, 
strained, 'and/or 
inclusion -filled 

Si02  Crystalline 

Si02  Crystalline 

Rhyolitic, dacitic, latitic, 
or andesitic glass or 
cryptocrystalline 
devitrificatibn products 

Synthetic siliceous 
glasses 

Siliceous, with lesser 
proportions of A1203, 
Fe203, alkaline 
earths, and alkalies 

Siliceous, with lesser 
proportions of alka-
lies, alumina, and/or 
other substances 

Glass or cryptocrystalline 
material as the matrix 
of volcanic rocks or 
fragments in tuffs 

Glass 

The most important deleteriously alkali-reactive rocks (that is, rocks containing 
excessive amounts of one or more of the substances listed above) are as follows: 

Opaline cherts Andesites and tuffs 
Chalcedonic cherts Siliceous shales 
Quartzose cherts Phyllites 
Siliceous limeston es Opaline concretions 
Siliceous dolomites Fractured, strained, and inclusion- 
Rhyolites and tuffs filled quartz and quartzites 
Dacites and tuffs 

S 

Note: A rock may be classified as, for example, a "siliceous limestone" and 
be innocuous if its siliceous constituents are other than those indicated 
above. 

it can be assumed that the aggregate is innocuous and it can be used without danger of 
deleterious chemical reactions in concrete. 

However, if deleteriously reactive constituents are found to be present in the aggre-
gate, that does not, of itself, provide conclusive evidence that the aggregate will cause 
a destruclive deleterious chemical reaction in the concrete. The nature and the uan- 

yof reactive material present in the aggregate, and the agLosity of the aggrega e, 
determine its potential for producing abnormal expansion in concrete. There is always 
some minimum quantity of reactive material required to produce an abnormal expan-
sion, and, at least in some cases, the presence of large quantities of reactive materials 
has failed to produce abnormal expansion. With highly absorptive aggregates, a con-
siderable quantity of deleterious chemical reaction can be accommodated without the 
occurrence of abnormal expansion. 

When the petrographic examination of the aggregate identifies the presence of dele- 
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Chemical Tests 
A number of laboratories have studied chemical tests for use in determining the p0- 
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Figure 2. Results of chemical test with NaOH solution (based on Mielenz and Witte; 
Ref. 17). 

tential reactivity of aggregates. As a result of these studies the ASTM adopted a tenta-
tive chemical method of test for potential reactivity of aggregates (14). This chemical 
method is for determining the potential alkali reactivity of aggregates and their potential 
for producing abnormal expansion in concrete when used with high-alkali cement. It 



is based on the amount of reaction of the aggregate with a sodium hydroxide solution 
under controlled laboratory conditions. 

The test is based on extensive studies by Mielenz, Greene, and Benton (15). The 
potential reactivity of an aggregate is measured by the amount of silica dissolved by a 
iN sodium hydroxide solution from a representative sample of aggregate crushed to the 
No. 50-No. 100 size, and the concomitant reduction in alkalinity of the solution. It is.  
a rapid test. The samples can be prepared, the test run, and the necessary chemical 
analyses completed in three working days. It is an empirical or experience test. 

The authors tested a large number of aggregates by the chemical method and used 
the same aggregates in combination with a high-alkali cement in the mortar-bar test, 
(16). They then plotted the results of the chemical test (silica dissolved vs reduction 
in alkalinity) and drew a line through the diagram to separate the innocuous aggregates 
(those showing less than 0.1 percent expansion at one year in the mortar-bar test) 
from the deleteriously reactive aggregates (those showing more than 0.1 percent ex-
pansion) as shown in Figure 2. 

Because a large number of aggregates were used in the preparation of this diagram, 
it is assumed that other aggregates can be identified as innocuous or reactive by sub-
jecting them to the chemical test, plotting the results in a diagram similar to Figure 
2 and using the same line of demarcation. Results obtained with the chemical test have 
been discussed elsewhere (17, 18, 19, 20). The results can be used to identify the 
presence of reactive material in the aggregate, but they do not always give assurance 
that it is present in the proportion required to cause abnormal expansion. 

Reliable results are not obtained with the method if certain minerals or rocks are 
present. Magnesian and ferrous carbonates (dolomite, magnesite, and siderite) and 
the hydrous magnesium silicate antigorite (serpentine) have been identified as minerals 
producing spurious increase in the reduction of alkalinity and decrease in the concen-
tration of silica. Calcite (calcium carbonate, the essential constituent of limestone 
and marble) causes an increase in the reduction of alkalinity and changes of the silica 
concentration if alkali-reactive siliceous phases are present in the aggregate. The 
effects of calcite are not expected to produce an erroneous indication of potential alkali 
reactivity of an aggregate unless the potential reactivity is marginal. 

( 	Because of the extraneous influence of the several minerals, it is recommended that 
( petrographic examination be applied in conjunction with the performane and interpre-
Ltation of the chemical tests. 

Mortar-Bar Test 

Beginning with the work of Stanton in 1940, followed by that of a number of Other 
investigators, a mortar-bar test for potential reactivity of cement-aggregate combina-
tions was evolved. A 1-to-2.25 cement-aggregate mortar is used in the preparation 
of the 1- by 1- by 11'/4-in. mortar bars. The expansion attained by the mortar bars 
indicates the potential alkali reactivity of the cement-aggregate combinati6n. 

A number of investigators (7, 21, 22, 23) have studied the effect of storage tem-
perature on the expansion obtained with the mortar-bar test in an attempt to accelerate 
the test. The results of these studies have shown that the expansion occurs more 
rapidly and is usually higher for specimens stored in covered containers at 100 F than 
that of compansion specimens stored at 70 F or at temperatures slightly higher than 
100 F. These observations led to the adoption of the storage temperature of 100 ± 3 F. 

The mortar-bar test has been adopted as an ASTM method of test (16). It can be 
used for both fine and coarse aggtegate. The fine aggregates are tested in a grading 
meeting the requirements of the specifications for the project. The coarse aggregates 
are crushed, sieved, and recombined to a grading specified for the test. Although 
demarcation between non-reactive and reactive combinations is not clearly defined, 
expansion is generally considered excessive if it exceeds 0.05 percent at 3 months or 
0. 10 percent at 6 months. Expansions greater than 0.05 percent at 3 months should 
not be considered excessive where the 6-month expansion remains below 0. 10 percent 
(Note: These criteria apply to the mortar-bar test as now covered by ASTM Designa-
tion C 227, which gives results at 6 months of comparable magnitude to those obtained 



at 1 year by the procedure referred to as having been used in developing the quick 
chemical test). 

There appears to be very good correlation between results obtained with the mortar-
bar test and the performance of the aggregates in pavements and structures. Stanton 
(24) has reported that it is seldom possible to establish as positive a correlation be-
tween laboratory tests and field experience as has been established by the mortar-bar 
test. He lists a number of typical cases of failure of concrete structures through ad-
verse reaction between cement and aggregate where the field experience was in each 
case subsequently checked by laboratory tests. In other cases when laboratory tests 
indicated potential reactivity, subsequent field inspection confirmed the suspected ac-
tivity in structures in which the same aggregates had been used with a high-alkali ce-
ment. Tremper (25), Mielenz and Witte (17), and Blanks and Meissner (26) have 
reported similarly good correlations. 

The mortar-bar test can be used also for studying the effectiveness of materials that 
reduce or eliminate the expansion associated with the alkali-aggregate reaction. A 
number of investigators have used the mortar-bar test to study such materials (27-34). 
Certain calcined reactive siliceous materials have been very effective in reducing the 
expansion of the mortars and some of them have been used in large dams (28, 32). 
Although a naturally-occurring reactive aggregate could be used for such tests, a more 
uniform supply of reactive material would be desirable. The Bureau of Reclamation 
has recommended use of Pyrex glass, crushed, screened, and recombined to a speci-
fied grading, for this purpose (34, 35). 

RECOMMENDED PRACTICES TO BE EMPLOYED WITH DELETERIOUSLY 
ALKALI-REACTIVE AGGREGATES 

In some areas it is necessary to use deleteriously alkali-reactive aggregates for 
economic reasons. laboratory tests, experimental projects, and extensive field ex-
perience have shown that durable concrete can be produced with deleteriously alkali-
reactive aggregates by following suitable practices. 

Durable concrete can be produced when deleteriously alkali-reactive aggregates are 
used with ay1kali cement or with a high-alkali cement in combination with an 
adequate amount faitab1 Wi 	e,.pozzojn known to control the expansion associated with 
the alkali -aggregabe reaction, or a suitable blast-furnace slag. A low-alkali cement 
is one that contains 0. 60 percent or less total alkalies as Na20 calculated as follows: 
(percent Na20) + (0. 658 x percent K20). A pozzolan is a siliceous or siliceous and 
aliminous material, which in itself possesses little or no cementitious value but will, 
in finely divided form and in the presence of moisture, chemically react with calcium 
hydroxide at ordinary temperatures to form compounds possessing cementitious properties. 

Sea water and alkali soil waters contain alkali chlorides and sulfates. When such 
waters permeate the concrete, the chloride and sulfate combine with the calcium 
aluminates to form complex salts, whereas the alkali is converted to alkali hydroxides 
(NaOH and KOH). This alkali is also available for reaction with aggregates. These 
same waters would react in a similar manner when used as mixing water for mortars 
or concretes. Sea water or other waters containing a significant quantity of alkali 
salts should not be used as mixing water where reactive aggregates are involved. 

Eleven state highway department specifications contain provisions for the use of 
low-alkali cement as a corrective for the deleterious alkali-aggregate reaction. These 
states are located in areas where alkali-reactive aggregates are known to occur. Six 
of these state highway departments (Alabama, Arizona, California, South Carolina, 
Utah, and Wyoming) specify the use of low-alkali cement for all concrete. The 
remaining five states (Florida, Mississippi, Montana, Oregon, and Washington) spec-
ify the use of low-alkali cement when reactive aggregates are used or by special pro-
vision. There is no state highway department using pozzolans or slag as a corrective 
for the alkali-aggregate reaction at this time. 

The U.S Bureau of Reclamation and the Corps of Engineers, U.S. Army, specify 
low-alkali cement, or permit high-alkali cement only in combination with a suitable 
pozzolan, on projects where potentially alkali-reactive aggregates are used. 



The ASTM Specification for Concrete Aggregates (36) contains the following state-
ment with respect to both the fine and coarse aggregate: 

"Aggregate for use in concrete that will be subject to wetting, extended 
exposure to humid atmosphere, or contact with moist ground shall not con-
tain any materials that are deleteriously reactive with the alkalies in the 
cement in an amount sufficient to cause excessive expansion of mortar or 
concrete, except that if such materials are present in injurious amounts, 
the aggregate may be used with a cement containing less than 0. 6 percent 
alkalies calculated as sodium oxide or with the addition of a material that 
has been shown to prevent harmful expansion due to the alkali-aggregate 
reaction." 

Numerous writers have cited evidence from laboratory tests and field service rec-
ords to show that durable concrete can be made with potentially reactive aggregate and 
low-alkali cement. Stanton (5) recognized this as early as 1940. He reported that the 
chemical reaction producing excessive expansion apparently occurs only when the port-
land cement component contains an appreciable percentage of alkali in the form of 
sodium and potassium oxides. The chemical reaction is of an intensity proportional to 
the percentage of such oxides, apparently being of such low order as to be negligible 
when the alkali content is less than 0.6 percent. 

Hinds and Tuthill (37) cite the cracking in the concrete. at Parker Dam, Gene Wash 
Dam, and Copper Basin Dam, constructed using a reactive aggregate with a high-
alkali cement. The pumping-plant structures built about the same timeand using simi-
lar aggregates with a low-alkali cement showed no evidence of deterioration or cracking. 

Tremper (38) reported that aggregates containing rock types derived from the lavas 
of Mt. Rainier (Washington) react detrimentally with high-alkali cements, and the 
type of reaction is similar to that reported by other investigators in a number of lo-
cations. These aggregates do not react harmfully with low-alkali cements as indicated 
by laboratory tests and by excellent results in existing structures, some of which have 
reached the age of 19 year's. 

Blanks and Meissner (26) state that experience to date indicates that reactive ag-
gregates can be used without danger of destructive reactions, provided low-alkali' 
cement is employed. 

Mielenz and Witte (17) state that aggregates from the Salt River, Arizona, have 
caused no deterioration of concrete at Mormon Flat Dam, where low-alkali cements 
were used, but serious distress has occurred at Stewart Mountain Dam where aggre-
gates from the same river were used with high-alkali cements. At Coolidge Dam, 
Arizona, extensive deterioration of concrete is restricted to those portions of the 
structure in which high-alkali cement was used, even though the same aggregate was 
used throughout. Tremper (25) cited similar experience with aggregates from Cow-
litz River, Washington. Ten bridges built with this aggregate and low-alkali cement 
were in excellent condition at ages ranging from 11 to 23 years. Six bridges built with 
the same aggregate and high-alkali cement show evidence of severe cracking and 
deterioration. 

Oleson (39) made an extensive survey of highway structures located in Georgia and 
Alabama. He found that structures showing evidence of abnormal cracking were con-
fined to those constructed with gravel coarse aggregates and three cements having a 
total alkali content, as Na20, of 0.62 percent or more. None of the structures con-
structed with seven cements having a total alkali content, as Na20, of less than 0. 62 
percent showed any evidence of abnormal cracking. The survey shows that an upper 
limit for alkali content of cement of not more than 0.6 percent as Na20 would be as 
effective as any lower limit in eliminating the cracking in concrete structures of 
Georgia and Alabama using aggregates from the Montgomery, Alabama, area. 

Tremper (40) reported that alkali-aggregate reaction in California highway work 
has been extensive. For the past 15 years, the sole corrective measure has been the 
use of low-alkali cement. Many highly reactive aggregates containing opal or inter-
mediate igneous glass have been used. The results have been fully satisfactory, judg-
ing from fairly comprehensive field surveys. 



Although pozzolanic materials are not currently being used in highway construction 
as a corrective for the alkali-aggregate reaction, they are being so used by other agen-
cies, particularly in the construction of large dams. Pozzolanic materials have at 
times been used in large dams as additional insurance against alkali-aggregate reaction 
beyond that afforded by low-alkali cement alone, particularly when the pozzolan had 
other technical or economic advantages. 

Extensive laboratory tests and service records have shown that some pozzolanic 
materials are suitable correctives for the alkali-aggregate reaction. Other materials, 
also considered to be pozzolanic, gave no improvement and in some cases actually in-
creased the pattern cracking. Pozzolans, when used as an admixture in concrete, us-
ually increase the water requirement and increase the drying shrinkage. The strength 
is decreased at early ages but generally after one year or more the strength of concretes 
containing pozzolans will equal or exceed the strength of those containing no such ad-
dition. They should be thoroughly tested in the laboratory prior to use in construction. 
An ASTM symposium on use of pozzolanic materials in mortars and concretes (41) 
provides excellent information on the subject. 

Laboratory tests by Cox, Coleman, and Locke (31), Barona (42), and Mather (43) 
indicate that potentially reactive aggregates do not develop abnormal expansion when 
used with portland blast-furnace slag cements. 

DELETERIOUS CEMENT-AGGREGATE REACTION 

The deleterious cement -aggregate reaction appears to be confined to the so-called 
sand-gravel aggregates along certain rivers in Kansas, Nebraska, and neighboring 
areas (see Fig. 1). These aggregates contain but little coarse material. The coarse 
aggregate varies in quantity from 5 to 15 percent by weight, and its maximum size is 
less than 1 in. 

Scholer and Gibson (44) and Conrow (45) conducted extensive laboratory tests of 
concretes and mortars made with the sand-gravel aggregates. They found that the de-
terioration varied with different cements, but there was no consistent relationship be-
tween cement composition, including alkali content, and extent of deterioration. Hence, 
it was concluded that the deleterious cement -aggregate was not primarily an alkali-
aggregate reaction. It is not entirely clear that the expansion and cracking, that some-
times occur with these cement -aggregate combinations, is caused by chemical reac-
tions or by a physical phenomenon. However, laboratory tests have been developed 
to identify the deleterious cement -aggregate combinations and corrective measures 
have been developed to provide durable concrete. 

Laboratory Tests for the Deleterious Cement-Aggregate Reaction 

Scholer and Gibson (44) and Scholer (46) have described a heating-drying and 
cooling-soaking test for studying deleterious cement -aggregate reactions. This meth-
od of test appears to be particularly applicable for use in connection with the reactive 
aggregates in the Kansas and Nebraska area. It is a modification of a test used earlier 
by Gibson (47). The test provides for exposing saturated specimens of concrete to a 
drying condition at 130 F for 8 hr, followed by immersion in water at an initial tem-
perature of 70 to 80 F for 16 hr. The cycle is repeated 6 days each week, the speci-
mens remaining immersed over Sunday. 

The percentage expansion developed by the test specimens provides a measure of 
the potential cement -aggregate reaction. An expansion of 0.07 percent or more at one 
year (285 cycles) indicates a reactive cement -aggregate combination. The results 
obtained with this laboratory test are in good agreement with the performance of com-
parable specimens in long-time outdoor exposure and with the performance of similar 
materials when used in pavements and structures. 

The wetting -and -drying test can be applied also for studying corrective additions 
that can be used to reduce or eliminate the abnormal expansion resulting from a dele-
terious cement -aggregate reaction (48, 49). 

A modification of this test procedure has been described which provides an accel-
erated test (50). It consists of placing the concrete beams, standing on end, in a tank 
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where they are exposed to a continuous spray of water at a rather low velocity but of 
such intensity and distribution that water is continually flowing over all surfaces of 
the beams. One complete cycle consists of gradually changing the temperature of the 
water from 68 to 130 F and then back to 68 F. A cycle is complete in 45 minutes. 
During one cycle the approximate temperature of the center of a 3- by 4- by 16-in. 
beam changes from 74 to 122 and back to 74 F. The temperature change is obtained 
automatically and is gradual so as to avoid a shock effect. The results obtained with 
this accelerated test parallel rather closely those obtained with the slower and the more 
cumbersome wetting -and -drying test. 

Conrow (45) has described a mortar-bar test for detecting a deleterious cement-
aggregate reaction. The mortar bars are subjected to variations of temperature and 
water saturation. For this test the mortar bars are first cured in the molds one day 
and in water under prescribed conditions at standard temperature for 27 days. They 
are then stored in water for 7 days at 130 F, followed by storage in a drying oven for 
7 days at 130 F, and then returned to continuous water storage at normal temperatures. 
Special containers are required for storing the specimens in a minimum quantity of 
water to reduce the leaching of soluble salts from the test specimen. 

The expansion of the test specimen is taken as an indication of the relative deleterious 
reactivity of the c em ent -aggregate combination. This method of test has been approved 
as an ASTM tentative method of test for potential volume change of cement-aggregate 
combinations (51). The method of test can be applied also for studying corrective 
additions that can be used to reduce or eliminate the abnormal expansion resulting from 
a deleterious c em ent -aggregate reaction (45). 

RECOMMENDED PRACTICES TO BE EMPLOYED WITH DELETERIOUS 
CEMENT-AGGREGATE REACTION 

Extensive laboratory tests and field experience have demonstrated that the deleter-
ious cement-aggregate reaction that occurs with sand-gravel aggregates can be cor-
rected by the addition of certain coarse aggregates. Scholer and Gibson (44) found 
that additions of 25 perceñföimoxe (by weight) of coarse Um.gjie are adequate to 
secure satisfactory service, whereas with other coarse aggregate additions, such as 
Lincoln sandstone, as much as 40 percent may be required. 

Laboratory tests have shown that certain ,zplai admixtures reduced the expan- 
sion of concretes made with the reactive sand-gravel aggregates (48, 49, 52). 	The 
Kansas State Highway Commission constructed a test road in 1949 to study the effect 
of pozzoláns and limestone coarse aggregate added to sand-gravel concrete pavement 
on their performance in service (48, 53). The Nebraska Department of Roads and 
Irrigation constructed a similar test road in 1950 (52). On each of these test roads, 
the sections constructed with the limestone addition7without pozzolan) have shown the 
best performance todate. These two highway departments now require the addition of 
approved coarse aggregates in varying amounts to all concrete made with reactive sand-
gravel aggregates. They have not used pozzolans except in the experimental projects 
cited. 
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THE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-
CIL is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap-
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern-
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of. the ACADEMY—COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 


