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•AN ACCELERATED test of durability of concrete is intended to evaluate rapidly, in 
absolute or relative terms, the ability of the material to withstand a specified exposure. 
The time required for the evaluation may be a few minutes or several months, but by 
definition it can extend only for a small fraction of the time over which the concrete is 
expected to perform satisfactorily in service. In general, accelerated testing proce
dures do not provide a quantitative measure of the prospective service life of concrete 
under even ordinary conditions of service. However, such tests that are designed 
properly aid in selection of concr ete - making materials, proportioning of t he concrete, 
requirements for curing and protection, techniques for finishing and surface t r eatments, 
and features of the concrete construction. 

If a fundamental relationship is established between resistance of concrete to a given 
exposure and some measurable qualities of the concrete, the performance of the con
crete in service can be judged by measurement of the related properties. Hence, the 
need for accelerated tests will be minimized as fundamental research allows quantita -
tive evaluation of those properties that control the response of concrete to its en
vironment. 

This paper covers procedures that are applied to concrete to evaluate its durability 
in future service, with particular regard to its resistance to freezing and thawing and 
deleterious cement-aggregate reactions. Other exposure conditions are noted, such as 
attack by aggres s ive solutions and other media, abrasion and cavitation, and high tem
perature. The paper does not cons ider evaluation of durability of structures or struc
tural units. 

ACCELERATED DURABILITY TESTING DEFINED 

An accelerated test of durability of concrete is a procedure intended to evaluate 
rapidly, in either absolute or relative terms, the ability of the material to withstand a 
specified exposure. The degree of rapidity or the duration of time required for the 
evaluation may vary substantially, that is, from a few minutes to sever al weeks or 
months but, in any event, it can by definitio1t1 extend for only a very small fraction of 
the time over which the concr ete is expected to perform sat isfactorily in service. 

This definition makes clear that the exposure applied in the accelerated test must 
be more severe during a given interval of time than is the exposure during service. 
The increased severity can be achieved by an intensification or magnification of the 
magnitude of the potentially destructive phenomenon, an increase in the duration or 
frequency of expos ure during any interval of time, treatment of the concrete so as to 
r ender it into a condition of especial susceptibility to the destructive phenomenon, or 
a combination of these conditions . For example, use of these factors in a freezing and 
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thawing test, such as ASTM Designation C 290, Standard Method of Test for Resistance 
of Concrete Specimens to Rapid Freezing and Thawing in Water (~), is as follows: 

Factors Accelerating Freezing and Thawing 
Breakdown of Specimens 

Magnification 
of Action 

High rate of 
temperature 
decline 
(11.0-22.2 C;1,r) 

Low minimum 
temperature 
(-17.8 ± 1.7 C) 

Increase of 
Exposure 

6-12 cycles of 
freezing and 
thawing in 
each 24 hr 

Relatively large 
surface-to
vo lume ratio 

Condition of 
the Concrete 

Specimens immersed con
tinuously following 
initial moist curing 
and during the 
freezing and thawing 
procedure (no drying 
is permitted) 

Some investigators have used water solutions rather than water alone as the freez
ing liquid so as to increase the distress of the concrete. 

In a test of resistance of concrete to attack by aggressive solutions, the action can 
be magnified by use of more highly concentrated solutions than are expected to be en
countered in service and the ambient temperature can be raised; the duration of ex
posure can be increased by continuous application of the treatment in contrast to the 
intermittent contact that might characterize the service condition; and the concrete 
specimens may be prepared so as to provide a much higher surface-to-volume ratio 
than typifiei, __ the conc_re_te 1.1s~d _i~ _the c_g:iwJ:niction. _ Other techniques are available_ to __ _ 
ac-celerate physical, mechanical, or chemical phenomena that may be investigated in 
relation to use of concrete in construction. 

In selecting the technique of acceleration of the exposure condition, care should be 
taken to cause the kind of destructive process that will occur in service, and the in
tensity of the effect produced in the concrete in the structure. Moreover, the attempt 
at acceleration of one process of destruction may reduce or prevent progress of 
another mechanism of distress. For example, rapid and short cycles of freezing and 
thawing magnify the hydraulic pr essur e developed in critically saturated concrete by 
the expulsion of water from the freezing zone, but the short duration of freezing tends 
to reduce the accretion of ice in capillaries within the cement paste that occurs by dif
fusion of water from within the gelatinous hydration products, since this process is 
time-dependent. 

Unless the accelerated test produces effects that are very similar to those occur
ring under the service conditions, 111eaningless or 1nisleading .resull~ will Ue obla.ined, 
with a consequent probability of an erroneous decision on the suitability of the concrete 
mixture under test. The erroneous decision may cause rejection of concrete as the 
construction material or possibly will require some uneconomical change in the pro
portioning of the concrete mixture or in the choice of the concrete-making materials. 

These circumstances are not the only problems that are inherent in accelerated 
testing of concrete. The concrete employed in the testing should correspond in all 
essential ways to the concrete that will be in the construction. Such correlation is 
difficult or impossible to secure because of the differing ways in which the concrete 
in the field will be proportioned, mixed, placed, protected, and cured. A particular 
difficulty is the variation of nature of finished surfaces of flatwork from that of the 
interior of the concrete and the inevitable difference of such surfaces from the sur
faces of concrete specimens that are subject to the accelerated tests. 
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NONDESTRUCTIVE EVALUATION OF ANTICIPATED DURABILITY 

If a fundamental relationship has been established between resistance of concrete to 
a given exposure condition and some measurable quality or qualities of the concrete, 
the performance of the concrete in service presumably can be judged by measurement 
of the related properties. For example, a far-reaching step was made in predicting 
and explaining the resistance of hardened concrete to freezing while wet when Powers 
(~) adduced the concept of air-void spaci~ factor. Hence, although the significance 2! 
particular magnitudes of spacing factor (L) is now being reviewed, determination of L 
for proposed concrete mixtures provides a guide to prediction of the probability that 
the concrete will be suitable for use in situations where freezing will be encountered. 

Similarly, research on the alkali-silica reaction in concrete has provided sufficient 
data on potentially detrimentally reactive constituents of aggregate and the permissible 
alkali content of portland cement to permit an estimate of the probability that harmful 
effects might occur with use of a given combination of aggregates and a cement. 

Application of such procedures requires several steps, as follows: 

1. Establishing the qualities that control the rate of disintegration of the concrete; 
2. Development of practical procedures by which the controlling qualities can be 

measured; 
3. Establishing the accuracy and precision of the procedures in predicting the rate 

of disintegration of the concrete; and 
4. Specification of quality assurance programs in the selection of concrete-making 

materials, manufacture of the concrete, and construction procedures that will guar
antee that the concrete in place possesses the required properties. 

Procedures fulfilling the stated criteria are superior to accelerated tests of dur
ability because they permit a more fundamental evaluation of the ability of the concrete 
to withstand the variety of exposures that exist on a single project, and the procedures 
can be applied to concrete sampled at the site of the work. 

RECOGNITION OF NEED FOR EVALUATION OF 
POTENTIAL DURABILITY OF CONCRETE IN SERVICE 

Concrete may fail as a construction material during service either because of the 
severity of the exposure or because of detrimental interaction among its constituents. 
The need for evaluation of the potential durability of concrete that is to be exposed to 
severe conditions usually is readily evident, but the possibility of unexpected exposure 
should be studied during the planning of any construction to provide assurance that 
concrete appropriate for the actual service condition will be specified. For example, 
concrete to be subject to only occasional freezing commonly is prepared without air
entrainment and without adequate attention to soundness of aggregate, so that unsightly 
spalling and scaling may be experienced well within the service life of the construction 
even though weather records show the occurrence of damaging periods of freezing only 
at intervals of several years. 

More difficult to assess is the likelihood of occurrence of destructive effects that 
arise because of chemical or mechanical interaction among the constituents of the con
crete. Commonly, the need for special evaluation of such reactions is indicated by 
petrographic examination of the aggregate, chemical data on the cement and admixtures, 
and review of the list of materials that are to be embedded in the concrete. Such 
studies commonly will forewarn of the possibility of deleterious effects, but quantita
tive evaluation of the effects may require an accelerated test of concrete mixtures. 

ACCELERATED TESTING OF RESISTANCE OF 
CONCRETE TO FREEZING AND THAWING 

Basic Factors in Freezing and Thawing of Concrete 

It is not appropriate here to discuss the mechanism by which concrete can be dam -
aged by freezing and thawing. However, a brief summary of the essential phenomena 
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will aid in consideration of the significance of accelerated tests directed toward evalua
tion of weathering resistance of concrete (4). 

Distress of hardened concrete during freezing results from formation of ice from 
water present in the cement paste matrix, in aggregate particles, and in voids, includ
ing any entrained air voids that are partially or completely filled by water. Damage 
will occur only if the degree of saturation is so great that the, volume increase accom
panying formation of ice by crystallization of the freezable water cannot be accommo
dated without development of excessive internal pressure. The distress is initiated 
progressively as portions of the concrete are cooled to temperatures at which freezing 
begins, and the process continues as the cooling continues or while the temperature is 
maintained at a level such that the water present within the gelatinous hydration prod
ucts can diffuse to and crystallize in available voids and capillary openings. Dilation 
of the cement paste is caused by (a) hydraulic pressure developed in water expelled 
from the freezing zone and (b) growth of ice in capillary openings. Hydraulic pressure 
is increased under given conditions by increased rate of freezing, whereas distress 
resulting from accretion of capillary ice is increased by increased time of freezing 
and decrease of the minimum temperature attained, such that progressively larger 
proportions of the adsorbed water are frozen. 

Distress of saturated porous bodies by freezing relates also to size of the body, 
since internal pressures will not be significant if the excess of water can move to a 
boundary in the time available during the freezing process. The phenomenon of critical 
s ize within the cement paste was adduced by Powers (3) and Powers and Helmuth (5 ), 
who demonstrated and explained the function of entrained air voids in providing such 
relief. The r ol e of aggregate particles during freezing of concrete similarly is deter
mined to an important degree by dimensions, as is shown by Verbeck and Landgren (~). 

This brief statement shows that severai conditions must be accommodated so that 
an accelerated test will afford a realistic measure of the resistance of a given concrete 
to freezing during service, namely: 

1. Rate of freezing, 
2. Minimum temperature attained, 
3. Duration of freezing condition, 
4. Freezable water content of the cement paste and aggregate, 
5. Air void volume available for accommodation of the water expelled from the 

freezing zones, and 
6. Particle size, pore characteristics, and properties of the aggregate particles. 

Il is clear Lhal Lhe response of Lhe conci·ete will vary with changes in such factors 
as maturity of the cement paste, particle size of the aggregate (especially of unsound 
constituents), and the degree of saturation of the cement paste and aggregate. Con
sequently, differing responses of basically similar concrete will be obtained in a freez
ing and thawing test and in service with change in age at which the freezing occurs, 
change of maximum size of aggregates employed, and change of the condition of wetness 
of the concrete at time of exposure. 

ASTM Methods of Test 

Many procedures have been developed to provide for accelerated evaluation of the 
resistance of hardened concrete to freezing and thawing. The diversity of techniques 
that can be employed is exemplified by the four methods issued by the American Society 
for Testing and Materials (ASTM) in 1952 and 1953, namely, ASTM Designation C 290, 
Method of Test for Resistance of Concrete Specimens to Rapid Freezing and Thawing 
in Water; ASTM Designation C 291, Method of Test for Resistance of Concrete Speci -
mens to Rapid Freezing in Air and Thawing in Water; ASTM Designation C 292, Method 
of Test for Resistance of Concrete Specimens to Slow Freezing and Thawing in Water 
or Brine; and ASTM Designation C310, Method of Test for Resistance of Concrete 
Specimens to Slow Freezing in Air and Thawing in Water (2). In each instance, the 
following statement is made: "This method is not intended- to provide a quantitative 
measure of the length of service that may be expected from a specific type of concrete. " 
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These procedures are based on use of prism specimens that are 3 to 5 in. in width 
and depth and 14 to 16 in. long. The principal features of the four ASTM procedures 
are given in Table 1, which is taken from Arni (7). Findings of studies in which these 
methods were applied were summarized by Arn[ He reported general conclusions 
concerning the relative effects of the methods as follows: 

1. Methods involving freezing in water are more severe, producing failure in fewer 
cycles than those involving freezing in air. 

2. Rapid freezing is more severe than slow freezing when done in air but not when 
done in water. 

3. Rapid freezing and thawing in water appears to detect most reliably a difference 
between concretes of high durability. 

4. Only the slow freezing in air and thawing in water is able to discriminate ade
quately between concretes of low durability. 

5. In general, the four methods tend to rate different concretes in the same order 
of durability when there is a significant difference. 

The studies show poor repeatability and reproducibility of results both between 
laboratories and within individual laboratories. Good reproducibility was secured 
only for concretes characterized by either very high or very low durability. ASTM 
Designations C 292 and C310 were withdrawn in 1965 because they were employed to 
limited extent in practice and were not referenced in any ASTM specifications. 

The effects of the freezing and thawing action occurring in the ASTM procedures 
are determined by periodic measurement of the resonant frequency in accordance with 
ASTM Designation C 215, Method of Test for Fundamental Transverse Longitudinal 
and Torsional Frequencies of Concrete Specimens (2). Other procedures that are 
commonly employed for evaluation of disintegration are (a)weight loss, (b) length change, 
(c) change of compressive and flexural strength, and (d) calculation of dynamic modulus 
of elasticity from the determined values of resonant frequency. As is pointed out by 
Arni (7 ), these measurements evaluate different failure phenomena so that no single 
procedure can provide a universal standa rd. For example, a concrete specimen con
taining a cement paste matrix of high water-cement r atio and not protected by an en
trained air-void system will quickly show pronounced loss of resonant frequency, dy
namic modulus of elasticity, and strength, and excessive expansion will develop as a 
result of internal fracturing; yet only minor weight loss will have occurred. In fact, 
a weight gain may be observed at an early stage of the test because of an increase in 
absorbed water content. Conversely, specimens containing sound aggregates and 
cement paste of low water-cement ratio well-protected by entrained air will survive 
many cycles of accelerated freezing and thawing, during which little change will occur 
in resonant frequency, modulus of elasticity, strength, or length; but surface disintegra -
tion will occur progressively as the near-surface portion attains a critical degree of 
saturation by partial or complete filling of the air-void system. The relative rate of 
development of the several phenomena of failure depends in part on the properties of 

TABLE 1 

FEATURES OF ASTM FREEZING AND THAWING METHODSa 

Freezing 
Method Frozen In Thawed In Temperature, 

deg C 

C 290 (rapid water) Water Water -17 .8 

C 291 (rapid air) Air Water -17 .8 

C 292 (slow waterlt Water or brine Water or brine -17 . 8 

C 310 (slow air)t Air Water -17.8 

0 
After Arni ( 7). 

bEntire cycle-takes 2 to 4 hr with not less then 25 percent of time for thawing. 
CMethod withdrawn. 

Thawing 
Tempe rature, 

deg C 

4.4 

4.4 

23 .0 

4 .4 

Freezing Time Thawing Time 

3 hr maxb ½ hr min 

3 hr max 1 hr max 

18 to 24 hr 18 to 24 hr 

16 to 20 hr 5 to 7 hr total; 
total; 5 to 1 to 11/. hr 
7 hr to cool to raiee to 
to -17.8 C 4.4 C 
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the concrete-such as whether the failure is progressing more rapidly in the aggre
gate or in the matrix-and in part on the conditions imposed by the test. For example, 
weight loss accompanied by little change in other criteria of distress occurs most 
commonly with freezing of specimens in water. 

The conclusion stated in the ASTM standards concerning the inapplicability of the 
accelerated freezing and thawing tests as means to measure quantitatively the expected 
service life of concrete is supported by several detailed studies and reviews of data 
(7-10). For example, Rhodes and Finney (11) correlate accelerated freezing of 3- by 
6~ by 15-in. beams, scaling of concrete testpanels subjected to natural freezing, and 
performance of concrete pavements in service. They concluded that the tests of the 
concrete beams did not provide a satisfactory prediction of the durability of the con
crete in service. The results of the scaling tests correlated well with the service 
experience. They state that "differences in basic durability of the various mixtures 
were probably less than differences in surface vulnerability created by the effects of 
construction operations on mixtures composed of different materials and having dif
ferent physical characteristics." In their tests, the beams were immersed in glycerin 
diluted with water. The specimens were frozen overnight, the minimum temperature 
being -23.3 C and thawed the following morning to complete one cycle. Assessment 
of damage included decrease of resonant frequency, flexural strength testing of the 
specimens at conclusion of the freezing and thawing tests, and determination of com
pressive strength of sawed cubes. 

Although these freezing and thawing methods usually do not afford a measure of the 
service life of concrete, they permit comparison of concrete mixtures that differ in 
proportioning, composition, or treatment. The Bureau of Reclamation employs freez
ing and thawing tests of concrete to evaluate the effect of aggregates on durability. The 
criterion of failure is 25 percent loss of weight of specimens subjected to a procedure 
similar to ASTM Method C 290. In general, if the concrete withstands 500 cycles of 
freezing and thawing without failure, the aggregate is considered to be satisfactory in 
this respect. 

Powers' Test 

In 1955, Powers (12) developed an accelerated test procedure designed to avoid the 
basic defects of the usual accelerated freezing and thawing procedures. He specified 
conditions as follows: 

1. Use the proposed concrete-making materials to prepare air-entrained concrete 
specimens big enough to permit use of the full aggregate grading proposed for use in 
the construction. Unless specified otherwise, use a water-cement ratio oi 0. 49 by 
weight and a proper proportioning. 

2. Cure the specimens under standard moist conditions for two weeks and then store 
them in laboratory air for two additional weeks; specimens larger than 3 in. across 
should be dried longer. Finally, store the specimens in water for two weeks. 

3. Equip each specimen with a suitable strain meter and cool at about 3 C per hour 
Lu - i8 C. Maintain this temperature overnight whiie preventing drying throughout the 
test. Record change of length and temperature continuously. 

4. If the specimens dilate during the freezing, they have shown that they have less 
than two weeks of frost resistance in terms of their ability to withstand the effects of 
continuous immersion in water. If they show no dilation, return them to water storage 
and repeat the test two weeks later, and so on, until the longest safe period of soaking 
has been found. 

5. The specimens may then be subjected to several cycles of freezing and thawing 
in water to establish the characteristic rate of dilation under laboratory conditions. 

Powers left open the decision on the criteria of failure, that is, whether failure 
should be the mere occurrence of dilation during the freezing period or the first oc
currence of permanent dilation remaining after thawing. 

The method has been employed by several investigators with encouraging results. 
Tremper and Spellman (!~) found that the test provided a realistic evaluation of dur-
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ability of concrete containing any of many aggregates that were not acceptable under 
standard specifications but that had been used successfully in construction exposed to 
severe winter conditions. They found that a permanent increase in length of the speci
mens (4½-by 9-in. cylinders) occurred if the dilation during freezing exceeded 50 mil
lionths inch per inch. They concluded that this dilation provides a satisfactory criterion 
of failure. 

Wills et al (14) applied the test to concretes containing each of two coarse aggre
gates and subjected to different curing conditions. They found that Powers' proce
dure produced results similar to those provided by ASTM Designation C 291, using 
residual length change as the criterion for the former and loss of dynamic modulus 
of elasticity for the latter. 

Larson et al (15) used Powers' procedure to evaluate various parameters of the 
air-void system in hardened concrete. They show that the tenth-cycle dilation cor
relates at the 95 percent confidence level with the number of air bubbles per cubic 
centimeter of cement paste matrix of concrete and with the protected paste volume 
concept developed by Philleo (16, 17 ). Price (18) shows that the dilation produced 
during 70 to 73 cycles of the Powers test correlates at the 95 percent confidence level 
with air content based on voids less than 1000 µ, in diameter, the number of bubbles per 
cubic centimeter of cement paste, and Philleo 's spacing factor. 

Scaling Tests 

Since 1948 the U. S. Bureau of Public Roads has evaluated the durability of concrete 
surfaces by testing of concrete slabs in natural or laboratory exposure to freezing and 
thawing (19). The specimens are concrete slabs 6 by 12 in. in area and 2 in. thick. 
Approximately 3 hours after molding, the top surfaces are given a broomed finish. A 
mortar dam about ½ in. high is cast at the perimeter of each specimen to retain ponded 
water as applied during the test. In the standard laboratory procedure, the concrete 
is cured in moist air. The bottom and sides of each specimen are coated with paraffin. 
The specimens then are stored in laboratory air for selected periods before initiation 
of the freezing and thawing cycles. In the exposure condition, the top surfaces of the 
slabs are flooded by ¼ in. of water, after which the specimens are placed in a freezer 
in which the air temperature is -23. 3 C. The slabs are stored in the freezer approxi
mately 15 hours, then removed. Flake calcium chloride is applied to the ice-covered 
surface at the rate of about 2. 4 lb per sq yd of surface. After the ice has thawed, the 
solution is washed from the surface of the slabs, fresh water is applied, and the cycle 
is repeated. One cycle is completed each day, 5 days per week. The disintegration of 
the surface is assessed by visual examination on the basis of the proportional area and 
depth of scaling The test has proved to be capable of indicating effects produced by 
air content, type of air-entraining admixture, surface treatments, chemical and mineral 
admixtures, curing methods, vacuum treatment of surfaces, and kind and rate of use of 
various de-icing chemicals. No correlation with field experience was attempted. 

Rhodes and Finney (11) applied similar procedures in the field beside sections of 
concrete pavement in Michigan. In each section two panels 3 ft wide and 12 ft long 
were placed. In one panel a 10 percent solution of calcium chloride of ¼-in. depth was 
applied and allowed to remain for 6 days The panel was then flushed and covered 
with¼ in. of water. After the water was frozen by natural exposure, the ice was 
melted by application of 5 lb of flake calcium chloride. Following thawing, the surface 
was flushed and the test area was allowed to rest one day before the next cycle was 
begun. 

In the second section, water was applied and allowed to freeze overnight. The ice 
was then melted by application of 5 lb of flake calcium chloride. The surface was then 
flushed, fresh water was applied, and the freezing w'as resumed. This cycle proved to 
be more severe than that previously described. 

The authors found that the relative performance of the pavement in service during 
the first 17 years generally followed the pattern set in the accelerated durability tests. 
Variables studied were air entrainment, use of chemical admixtures, proportioning of 
the concrete mixtures, grading of aggregates, use of natural cement blended with port-
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land cement, use of limestone dust as an admixture, finishing procedures, and curing 
methods. 

Scaling tests were used by Klieger (20), and Verbeck and Landgren (6) used similar 
techniques employing water as the freezing liquid to determine the conditions under 
which aggregate pop-outs occur on exposed surfaces of concrete. 

HEATING-COOLING AND WETTING-DRYING 
EXPOSURE IN ACCELERATED TESTING OF CONCRETE 

Investigations related to early studies (about 1941) of the alkali-silica reaction in 
concrete demonstrated that certain cement-aggregate combinations are subject to ex
cessive expansion and cracking when subjected to various cycles of heating and cooling 
accompanied by wetting and drying. This type of exposure appeared to provide an ac
celerated means of evaluating the durability in service of concrete containing certain 
aggregates that are widely used in portions of the Great Plains area of the United States, 
namely, natural sands and gravels occurring in deposits along the Arkansas, Republi
can, Platte, and other rivers in parts of Kansas, Nebraska, northwestern Missiouri, and 
western Iowa. These aggregates possess a characteristic grading, being deficient in 
sizes larger than ½ in., and they are composed largely of coarse-grained granites and 
particles that are single crystals of microcline and quartz. 

Based on extensive studies, Scholer (21) in 1949 proposed an accelerated test of con
crete involving wetting at 21 C and dryingi·r1 air at about 55 C of 3- by 4- by 16-in. 
beams. He concluded that this procedure afforded a means of predicting the durability 
of concrete containing cement-aggregate combinations used in Kansas, Nebraska, and 
nearby areas. In an automated procedure later developed at the Bw·eau of Reclamation 
(22), 672 specimens (3- by 3- by 15-in. prisms) could be treated simullaneou ly to 
produce one cycle of exposure per day. The assessment of distress was made by mea
surement of length change and loss of dynamic modulus of elasticity. During the test, 
beams containing incompatible cement-aggregate combinations expand and crack in a 
manner like that associated with the alkali-silica reaction. However, lack of close 
correlation of the expansion with alkali · content- of the· cement seemed to ·indicate that, 
although the alkali-silica reaction may contribute to the expansion developed during 
the test, the cement-aggregate incompatibility is essentially independent of this reaction. 

Data developed by the Bureau of Reclamation indicated that expansion in excess of 
0. O'I percent linearly in 310 cycles or le1:rn uf lhis wetting-and-drying test must be re
garded as failure. 

Meanwhile, Conrow (23 ), in independent inveRtigations, developed <1 rliffP.rP.nt proce
dure of accelerated durability testing which, when used to evaluate performance of the 
Kansas-Nebraska aggregates in portland cement concrete, appeared to provide a basis 
for predicting performance of concrete in pavements and structures. In 1951 the 
American Society for Testing and Materials, through its Committee C-9 on Concrete 
and Concrete Aggregates, undertook a cooperative evaluation of the two procedures in 
somewhat revised form from those originally proposed (24). The modifield Conrow 
procedure employed 1- by 1- by 11 %-in mortar bars containing one part portland 
cement to 2. 25 parts graded fine aggregate by weight. Mixing water was adjusted to 
achieve a stipulated flow. Following mixing, the specimens were stored in a moist 
closet or moist room at 23. 0 ± 1. 7 C Ior 24 hotu·s. They were then placed in :qietal 
containers that were immersed in waler al 23. 0 ± 1. 7 C for 24 hours. Following this 
treatment, the reference length of the specimens was measured. The specimens then 
were returned to the same l:unlaiI1e1·s and were again immersed in the same water at 
23. 0 ± 1. 7 C to an age of 28 days. The containers holding the water and the specimens 
were stored at 55 ± 1. 7 C for 7 days, then cooled to 23. 0 ± 1. 7 C for 24 hours. The 
specimens were removed from the containers and stored at 55 ± 1. 7 C for 7 days in an 
oven. The specimens then were returned to their respective containers and water and 
stored at 23. 0 ± 1. 7 C. Length change is measured at 28-day intervals thereafter. 
Remarkable expansions occur during this exposure when some cement-aggregate com -
binations are employed. The distress was indicated to be independent of the alkali -
silica reaction. Very large expansion was observed in specimens containing cement 



of very low alkali content but no reaction rims were observed on potentially alkali -
reactive aggregate particles. 
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The modified Scholer procedure employed 3- by 4- by 16-in. concrete beams con
taining the mix parts proposed for use in construction. Following mixing, the speci
mens were stored for 24 hours at 19 to 24 C covered by wet burlap; then in a moist 
condition at 23. 0 ± 1. 7 C until they were 7 days old; then at 23. 0 ± 1. 7 C at 50 ± 5 per
cent relative humidity until they were 28 days old; and then in water at 23. 0 ± 1. 7 C 
until they were 30 days old. The specimens then were subjected to a daily cycle of 
alternate heating-drying at 55 ± 1. 7 C for 8 hours and cooling-soaking at 21 to 27 C 
for 16 hours. Length change relative to the length of the specimens at an age of 24 
hours was measured at the end of each 20 cycles of exposure. Significant expansion 
occurred with use of some cement-aggregate combinations. Reproducibility of the 
method was not satisfactory. In these tests, distress of the affected specimens ap
peared to relate closely to the occurrence of the alkali-silica reaction. 

Based on these findings the Conrow test was approved as an ASTM method and is 
now a standard method of test with the designation C 342 (2). The report of the co
operative tests (24) concludes that cement-aggregate combinations whose expansion 
in this procedureequals or exceeds 0. 200 percent at an age of one year should be con -
sidered unsatisfactory for use in concrete or mortar exposed to wide variations of 
temperature and degree of saturation with water. 

ACCELERATED TESTING OF THE ALKALI-SILICA REACTION IN CONCRET~ 

The alkali -silica reaction is the attack of soluble alkalies (sodium and potassium) 
in concrete on susceptible siliceous constituents of the coarse or fine aggregate with 
resulting formation of alkalic silica gels that can produce detrimental expansion and 
cracking of concrete as a consequence of uptake of water. In general, the alkalies 
participating in the reaction originate in the cement. They also may originate in part 
in chemical or mineral admixtures; less commonly, they are supplied from constituents 
of the aggregate or from external sources. Standard tests are intended to evaluate the 
potential expansion that can result from the interaction of specified cement-aggregate 
combinations. ASTM Designation C 441, Method of Test for Effectiveness of Mineral 
Admixtures in Preventing Excessive Expansion of Concrete Due to the Alkali-Aggregate 
Reaction (2), should provide data on any harmful effects produced by introduction of 
such admixtures. 

Mielenz and Witte (22) studied the relationship between various tests of aggregate 
and cement-aggregate combinations as a means of predicting the performance of con
crete in service, with respect to the development of harmful expansion and cracking. 
They concluded that the test for expansion of portland-cement mortar mixtures is the 
most reliable accelerated procedure, being superior to equivalent tests of concrete 
containing the aggregates and cement proposed for use in the work. Although differing 
in detail, the procedure of mortar testing recommended by them is similar to ASTM 
Designation C 227, Method of Test for Alkali Reactivity of Cement-Aggregate Combina -
tions (Mortar Bar Method). 

Experience with this method shows that cement-aggregate combinations producing 
expansion greater than 0.10 percent at 6 months should be considered to be capable of 
producing harmful effects in concrete in service. Mielenz and Witte (22) concluded 
that "aggregate causing a mortar expansion in excess of 0. 20 percent linearly in one 
year in this test with high-alkali cement No. 2742 (1.30 percent Na2O and 0.12 percent 
&O) should be expected to cause rapid, intense, and readily identifiable expansive de
terioration of concrete if used with a high-alkali cement in exposed situations. Aggre -
gates causing a mortar expansion less than 0.10 percent linearly in one year, if used 
with the high-alkali cement, have been found to be innocuous so far as alkali-aggregate 
reactivity is concerned. Aggregates causing expansion in the range 0.10 to 0. 20 per
cent linearly in one year do not show clear-cut evidences of alkali-aggregate reaction 
in structures, but several aggregates of this character are associated with concrete 
deterioration whose cause is conjectural. Consequently, aggregates causing mortar 
expansion in excess of 0.10 percent linearly in one year should be used only with 
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cements low in alkalies. Usually, aggregate causing mortar expansion of 0.10 percent 
or more at 6 months must be regarded as deleterious, whereas those causing expansion 
in excess of 0. 04 percent should be regarded with suspicion." 

The standard procedure does not provide for possible introduction of alkalies from 
external sources, such as where the structure receives wind-carried sea salts, where 
sodium chloride is used as a de-icing chemical, or where alkalies are introduced from 
soil water or incidental to any service condition. In these instances, the aggregate 
should be selected so as to assure lack of potential alkali reactivity. 

Likewise, the data provided by the standard test can be misleading because highly 
reactive aggregates may cause a smaller expansion than do considerably less reactive 
aggregates if the content of reactive constituents exceeds the proportion that will pro
duce the most unfavorable ratio of reactive silica to available alkalies. Yet, because 
of possible variation in composition of the aggregate at the source or because of intro
duction of alkalies into the concrete from extraneous sources, it is dubious wisdom to 
permit use of highly reactive aggregates with high-alkali cements even though they 
cause only small expansion in the standard test. The potential reactivity of an aggre
gate can be shown by petrographic examination, chemical testing (ASTM Designation 
C 289 ), or modification of the mortar test so that an innocuous aggregate is used to 
replace various proportions of the aggregate under test. 

In ASTM Method C 227, acceleration of the expansive effects is achieved by con
tinuous moist storage at 37. 8 ± 1. 7 C. Effects produced under these conditions are 
likely to occur over a longer period at lower ambient temperature with intermittent 
drying. Tests show that storage temperatures up to about 55 C usually serve simply 
to accelerate the mechanical effects of the alkali -silica reaction and probably the re -
action itself (25 ). However , Carlson (26 ) found that maximum expansion occurs with 
33 C storage,and Tremper is reporteITo have shown (25) that some combinations pro-
duce higher expansion at 21 C than at 39 C. -

At temperatures of 70 C and above the alkali-silica reactions are abnormal (25). 
Even innocuous siliceous rocks and minerals will produce deleterious expansiveeffects 
in mortar and concrete, In f?-ct, with moist stor~g_e at _apprq_~i~ately 7_o_s;, _~o_nc:_!'~.t~ __ 
beams containing known detrimental cement-aggregate combinations commonly expand 
less than do combinations of innocuous siliceous aggregates and high-alkali cement, 
possibly because the alkalic silica gels produced by the former are more fluid and thus 
less capable of developing excessive swelling pressure. Under some conditions, the 
expansive effects are aggravated by a period of drying followed by rewetting of the 
mortar or concrete, as shown by Vivian (27 ). 

ACCELERATED TESTING OF EXPANSIVE REACTION IN 
CONCRETE CONTAINING CARBONATE ROCK AGGREGATES 

In 1957 Swenson (28) described a previously undefined deleterious, expansive reac
tion between certuin dolomitic roclrn and alkalies released during the hydration of port
land cement. His studies showed that the potential expansion of given cement-aggregate 
combinations was not revealed in a satisfactory manner by mortar tests conducted in 
accordance with ASTM Methods C 227 or C 342. However, concrete beam specimens 
subjected to various exposure conditions displayed expansion and cracking comparable 
in magnitude to that observed in similar concrete mixtures in field structures and 
pavements. The unsound cement-aggregate combinations produced expansions ranging 
from about 0. 05 to 0.16 percent linearly when exposed to 100 percent relative humidity 
at 23. 0 C, wetting and drying in a procedure similar lo Lhal recommended by Scholer 
(21 ), laboratory freezing and thawing in water, or outside exposure under natural con
ditions beginning in early s ummer. The speci mens were 3- by 4- by 16-in. concrete 
beams, the concrete being propor ioned 1 :21/<l :2% (cement :s and :slone coarse aggregate) 
by weight. The nominal maximum size of the aggr egate was 1 ½ in.· water-cement 
ratio was 0. 47 by weight; air content was about 5 percent; and slump was aboul 2 in. 

Swanson concluded that the distress of the concrete arose in the reaction of sodium 
and potassium from the cement on specific types of dolomitic limestones and calcitic 
dolomites occurring in or composing aggregates from certain quarries. Data from 
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Swenson and Gillott (29) indicate that deleterious effects of these aggregates would be 
avoided if the alkali content of the cement did not exceed 0.40 to 0. 45 percent by weight, 
expressed as the sum of the percentage of sodium oxide (Na2O) and 0. 658 times the 
percentage of potassium oxide (K2O ). 

Faced with the need to use aggregates from quarries lying in geologic formations 
containing potentially alkali-reactive carbonate rocks, Smith (30) developed criteria 
for selection of durable cement-aggregate combinations. The Test was based on Swen
son's procedure stipulating moist storage of concrete specimens at constant tempera
ture. The specimens were 3- by 4- by 16-in. beams containing ¾-in. nominal maxi
mum size aggregate, a standard sand, and portland cement with alkali content about 
1.1 percent expressed as sodium oxide. The concrete was proportioned to produce 
compressive strength of 3000 psi at 28 days with a fixed cement content of 525 lb per 
cu yd 3-in. slump, and 6 percent air. The specimens were cured in a moist room at 
21 C and 100 percent relative humidity. Length change was measured initially at 
weekly and later at monthly intervals. The results are based on the average of three 
specimens. 

From comparison of the data thus obtained with the condition of structures and pave
ments containing aggregate from the same sources, a criterion was established requir
ing that the expansion of concrete in the standard test must not exceed 0. 05 percent at 
84 days. Smith concludes that the limiting expansion value might well be lowered to 
0. 02 percent. He recommends against acceptance of potentially harmful reactive car
bonate rock aggregates for use with low-alkali cements in view of the danger of intro
duction of alkalies to the concrete from secondary sources, such as alkaline soils or 
de-icing chemicals. Based on review of structures and pavements constructed over 
the course of about 4 years, the recommended criteria of acceptance of coarse aggre
gate have successfully avoided incidence of excessive expansion and pattern cracking 
of concrete. 

ACCELERATED TESTING OF RESISTANCE OF 
CONCRETE TO ATTACK BY AGGRESSIVE MEDIA 

Concrete in service frequently is subject to chemical or, more commonly, combined 
chemical, physical, and mechanical processes that reduce its service life. The chem
ically aggressive media may effect leaching or progressive dissolution of the cemen
titious matrix or the aggregate, or they may promote chemical reactions that cause 
weakening and destructive volume changes in the concrete. 

The chemically aggressive media usually arise in sources external to the concrete, 
such as soil or surface waters, sewage, and chemical materials being produced or 
processed in industrial facilities, but they may also arise within the concrete, such as 
when aggregates contain substances that are or become soluble and are released into 
solution within moisture contained in the hardened concrete. 

Evaluation of Resistance to External Media 

Most common of the aggressive chemical media from external sources are sulfated 
waters, typically sodium and magnesium sulfates, that are present in groundwater or 
surface waters or may occur in high concentration in industrial waters when dissolved 
solids are progressively concentrated as the water is reused, as in evaporative cooling 
towers. Drainage from mines in which the ore or wall rock contains pyrite (FeS2), 
marcasite (FeS2 ), or pyrrhotite (Fex- l 8x) presents grave problems of corrosion of con
crete in many areas, such as in the coal-mining districts in the eastern part of the 
United States. The concentration of sulfates in soil may increase over a period of 
irrigation (31), so that problems of aggressive attack may grow during the service 
life of structures. Any such phenomenon should be anticipated in specifying an ac -
celerated testing procedure to evaluate the durability of proposed concrete mixtures. 

Important also are natural waters that contain significant concentrations of carbon 
dioxide in excess of that necessary to stabilize dissolved calcium bicarbonate. In this 
circumstance, aggressive leaching of portland cement concrete can be effected either 
externally or internally by solutions penetrating along joints, fractures, and porous 
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zones. An infinite number of aggressive media can arise in industrial operations, in
cluding both organic and inorganic substances. 

In general, similar procedures should be applicable to evaluate by accelerated test
ing the resistance of proposed concrete mixtures or treatments to the anticipated ag
gressive media. In now-classical studies of sulfate resistance of concrete to sulfated 
soils and water beginning in 1920, D. G. Miller and his coworkers (32) prepared and 
tested more than 5700 concrete cylinders containing each of 106 commercial cements 
from 74 mills. The specimens were 2- by 4-in. cylinders, the mixture being propor
tioned 1 :3 (cement :total aggregate) with water-cement ratio of 0. 62 to 0. 66 by weight. 
Cylinders to be exposed to aggressive solutions in the laboratory were cured for 24 
hours in a moist closet and 20 days in water. Specimens to be subjected to exterior 
exposure were cured similarly and then dried for 35 days in laboratory air. Laboratory 
exposure was continuous storage in 1 percent magnesium sulfate solution or in 1 per
cent sodium sulfate solution. In the exterior exposure, the specimens were immersed 
4 ft deep in waters of Medicine Lake, South Dakota; during the 5-year test period the 
lake waters averaged a concentration of 12 percent dissolved salts, of which two-thirds 
were magnesium sulfate and one-fourth sodium sulfate. 

The effects of the laboratory exposure were evaluated by length change measure
ments. An expansion of 0. 25 percent linearly was taken as the criterion of failure. 
The results of the natural exposure were determined as a ratio of compressive strength 
of the specimens following 1 and 5 years of exposure, respectively, relative to com
pressive strength of equivalent specimens stored in tap water in the laboratory. 

The authors concluded that the results of these tests are a meaningful evaluation of 
performance of the concrete in service in this type of exposure. They recommended 
a limitation on permissible content of tricalcium aluminate for portland cements to be 
used in concrete that is to be exposed to attack by magnesium and sodium sulfates. 
Discussants of their report noted many exceptions to the indicated relationship of 
chemical composition of the cement and performance of the concrete specimens (33 ). 

McMillan et al (34) reported on an extensive study of concrete exposed to sulfated 
soils near Sacramento, California._ Concrete_prisms 6- by 5¼- by 32-in. in size were 
prepared, the top surface being screeded, floated, and trowelled. The specimens were 
cured under wet burlap for 1 to 4 days until the forms were stripped and then to an age 
of 14 days in a moist room at 21 C. They were then stored at the test site until the 
plot was prepared; exposure was initiated when the specimens were 1 to 2 months of 
age. The concrete comprised both non-air-entrained and air-entrained mixtures at 
water-cement ratio of 0.386 to 0.447, 0.447 to 0.535, and 0.649 to 0.763 by weight. 

The specimens were set in the test plot with the finished surface upward. The soil 
was placed to a depth of 3 in. around the sides of the specimens. Two types of soil 
were used, one a natural soil highly concentrated in sodium sulfate; the other was this 
soil to which magnesium sulfate and alkali -free soil were added so as to replace about 
one-third of the sodium sulfate with magnesium sulfate. Water sufficient to inundate 
the top surfac.es of the specimens was supplied at frequent intervals. 

The effects of the exposure were evaluated by visual examination, testing of some 
of the specimens for flexural anc:t compressive strength and for natural frequency oI 
vibration. The visual examination and photographs proved to be a valid indication of 
deterioration of the concrete. 

The authors consider the results of this exposure of concrete specimens to be a 
more reliable indication of resistance of the mixtures to sulfate attack than either cal -
culated tricalcium aluminate content of the cement or an expansion test of lean mortar 
specimens immersed in sodium sulfate solution, although each of the latter criteria 
"appear to be valuable." The concrete specimens reflected the variation of water
cement ratio and demonstrated the benefits of air-entrainment. The concretes of 
lowest water-cement ratio were subject to only slow attack and very little relation was 
evident after six years of exposure between the composition of the cement and the de
gree of attack. 

The Bureau of Reclamation employs an accelerated test for evaluating sulfate re
sistance of concretes (35). Concrete cylinders, 3 by 6 in., are alternately soaked in 
2.1 percent solution of sodium sulfate at about 23 C for 16 hours and then dried in air 
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at 54.4 C for 8 hours. The criterion of failure in this test is a loss of 15 percent in 
dynamic modulus of elasticity or expansion of 0. 2 percent linearly. Results of this 
accelerated test are reported to be consistent with field experience during 25 years of 
investigation. The wetting-drying test produces results comparable to those of con
tinuous soaking in the sodium sulfate solution at 21 C in about one-sixth of the elapsed 
time. 

Van Aardt (36) provides a detailed statement on deterioration of hardened concrete 
in a wide rangeof aggressive media and on the problems of accelerated testing of per
formance. He emphasizes the importance of proper curing to achieve satisfactory 
durability of concrete and to obtain a valid result in an accelerated test. He found that 
resistance of mortar to sulfate attack is increased by partial drying (80 percent rela
tive humidity) and by carbonation of the cementitious matrix. Limestone or dolomite 
as aggregate was found to be superior to siliceous or other non-carbonate aggregate 
when the concrete is to be subjected to acidic media even in the presence of soluble 
sulfate. These features should be considered in the design of an accelerated test of 
proposed concrete mixtures that are to be exposed to aggressive media. Tuthill (35) 
recommends that evaluation of immersion tests or tests in which the concrete is ex
posed to flowing media be based on depth of corrosion or other deterioration, rather 
than weight loss, since the magnitude of weight loss is a function of the size and dimen
sions of the test specimen. A similar precaution is appropriate in the interpretation 
of results of tests of strength or dynamic properties. 

ACCELERATED EVALUATION OF AGGRESSIVE 
MEDIA FROM INTERNAL SOURCES 

Several investigators have studied the occurrence of deterioration of concrete re
sulting from the release of aggressive media within the concrete. The most important 
examples of such effects are (a) release of soluble sulfate and sulfuric acid by oxida
tion of the sulfides (pyrite, marcasite, and pyrrhotite), in which the sulfur is stoichio
metrically in excess of the iron, and (b) release of soluble sulfate as a consequence of 
oxidation of sulfides, mainly calcium sulfide, present in slag aggregates. 

Hagerman and Roosaar (37) evaluated the effects of pyrite and pyrrhotite in the ag
gregate on durability of concrete beams fitted with terminal gage studs and stored in 
the laboratory or in outside exposure, during which time the dynamic modulus of elas
ticity and length change were measured. Beams in which the aggregate contained 14 
percent of pyrrhotite expanded about 0. 6 percent during outside exposure for a period 
of 2½ months. They recommended that readily oxidizable ferrous sulfides not con
stitute more than about 1 percent of the aggregate. 

Parker (38) investigated the possible injurious effects of sulfate released from blast
furnace slagaggregate on the durability of the concrete. The sulfate could be present 
in the slag aggregate prior to its incorporation in the concrete, as a result of weather
ing of the slag in the pits, or the sulfate could form while the slag was enclosed in the 
concrete. Parker prepared concrete specimens proportioned 1:2:4 (cement:fine aggre
gate :coarse aggregate) by weight and observed change of length over extended periods 
under several conditions of storage. Specimens stored in air or in water in the lab
oratory for 2 years showed no adverse effects. Also, over the course of 33 months, 
specimens containing slag aggregates from each of five of the sources showed no ab
normal action during exposure to natural weathering. However, specimens containing 
either of two other slag aggregates expanded progressively during natural exposure 
and in 10 months the expansion attained 0. 084 and 1. 24 percent linearly in the two sets 
of specimens. Chemical analysis of the affected specimens showed that a considerable 
proportion of the sulfide sulfur had oxidized to sulfate during the period of exposure. 
On the other hand, a minor degree of oxidation of the sulfide sulfur was found to have 
occurred in the specimens that had not expanded significantly. 

One of the slags producing the large expansion of the concrete specimens had been 
widely and successfully used in precast portland cement concrete units in exposed 
situations. No evidence of unsoundness or harmful effects had been observed in prac
tice. The other apparently unsound slag had been used only in bituminous concrete. 
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Parker concluded that the extensive oxidation of the sulfide sulfur in the affected slags 
while they were enclosed in concrete related to simultaneous occurrence of three phe
nomena: (a) presence of an unusually high proportion of crystalline calcium sulfide, 
(b) high porosity of the slag, and (c) susceptibility of the concrete specimens to crack
ing during the weathering exposure. In this instance, the accelerated test, although 
including only natural weathering conditions, apparently produced a quite erroneous 
result. 

ACCELERATED TESTING OF ABRASION RESISTANCE OF CONCRETE 

Among all the properties of concrete, the strength and abrasion resistance of sur
faces is most sensitive to details of proportioning, placing, finishing, curing, and pro
tection. Consequently, a wide divergence can be obtained between a test designed to 
evaluate the potential qualities of a concrete mixture in contrast to an evaluation of the 
actual surface condition of concrete as it has been placed in construction. In general, 
the abrasion resistance of concrete is closely related to the compressive strength (39) 
but the correlation is valid only in the absence of significant segregation or bleeding 
of the fresh concrete and with proper curing and protection of exposed surfaces. An 
accelerated test of abrasion resistance of surfaces should be adaptable to use on con
crete specimens prepared in the laboratory or on concrete in field structures. 

Prior (40) has classified types of wear of concrete surfaces as follows: 

1. Attrition-Concrete floors accommodating foot traffic, light trucking, and skid
ding, scraping, or sliding of objects. 

2. Attrition, Scraping, and Percussion-Roadway pavements handling heavy trucking 
and automobiles with and without tire chains. 

3. Attrition and Scraping-Hydraulic structures, due to abrasive materials carried 
by water flowing at low velocity. 

4. Percussion-Hydraulic structures and water-carrying systems where a high hy
draulic gradient causes cavitation effects. 

Concrete floors may be subject to severe percussion at changes of-level , such-as -at 
joints, and percussion may become a principal mechanism of erosion of floors following 
initial disintegration that leads to a roughened condition of the surface. 

Numerous accelerated test procedures have been proposed to evaluate and predict 
abrasion resistance of concrete in service. ASTM Designation C 118, Method of Test 
for Abrasion Resistance of Concrete, is intended to determine the abrasion resistance 
characteristics of concrete by subjecting it to the. impineP.mP.nt of Rilica sand. The 
results are not intended to be a quantitative measure of the service life of concrete in 
service. According to the statement of the procedure in the 1967 ASTM Book of Stan
dards (2), "It is intended for use as a basis for informed judgement.'' The procedure 
is considered to simulate the action of water-borne abrasives and abrasives under 
traffic on concrete surfaces. The effect is a cutting action that abrades more rapidly 
the less resistant components of the concrete. 

ASTM Committee C-9 has investigated two other methods of test, but as yet no 
standard procedures have been approved for them. A modification of the revolving 
disc abrasion machine developed by Schuman and Tucker (41) provides valuable infor
mation on susceptibility of floors to abrasion. The action is one in which a granular 
abrasive medium, such as silicon carbide of specified grading, is rubbed over the test 
surface beneath revolving discs of hardened steel. The results preferably are mea
sured as depth of wear. The rate of wear depends on many conditions, such as the 
abrasive used, amount of abrasive applied, frequency of cleaning the surface, pres
sure applied, and speed of rotation and movement of the discs. The mechanical effect 
is mainly attrition and scraping; percussion may also be involved in the rolling of the 
irregular, hard particles of the abrasive medium. 

A third procedure studied by ASTM Committee C-9 involves rotation of steel dre!:is
ing wheels on the test surface. The dressing wheels may be mounted on the modified 
Schuman-Tucker abrasion machine or on a standard drill press. The action is pri
marily one of percussion. Evaluation of the results is in terms of depth of wear or the 
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Other procedures have been applied as measures of abrasion resistance of concrete, 
the results of which are summarized by Prior. In addition, each method can be modi
fied in any of many ways, such as the use or elimination of an abrasive medium, testing 
of specimens while wet or inundated, varying the speed or pressure of application, and 
so on. The results also vary with all features of the concrete under test, such as the 
kind and extent of curing and the method of finishing. 

It is clear that no one method is a valid measure of the several phenomena of abra
sion to which concrete may be subjected. Moreover, the criteria of performance must 
be selected so as to provide information pertinent to the requirements of the installa
tion. Quantitative measurements can be reported as depth of wear, weight loss of 
specimens, and weight or volume of abraded material. The interpretation of the find
ings will vary depending on features being investigated-for example, whether the 
quality of a surface finish or the quality of the concrete as a whole is of concern. 

Price (42) and Price and Wallace (43) describe accelerated tests applied in evaluat
ing resistance of concrete to cavitation. 

ACCELERATED TESTING OF HIGH-TEMPERATURE 
EXPOSURE OF CONCRETE 

According to Davis (44), harmful effects are produced on stress-strain properties 
of portland cement concrete by exposure to temperatures as low as 85 C. Consequently, 
this or higher temperatures may be regarded as "high-temperature" for purposes of 
this discussion. 

Concrete may be exposed to elevated temperatures in any of many ways, including 
the following: 

1. Fires that may last for brief or extended periods during which the concrete may 
attain temperatures up to about 1200 C to varying depths; 

2. More or less continuous exposure at moderate temperatures, say up to 200 C, 
such as in radiation shielding; 

3. More or less continuous exposure at high temperatures, say 250 to 550 C, such 
as adjacent to furnaces; 

4. Cyclical heating and cooling from atmospheric temperature to any of several 
ranges of elevated temperature, such as floors on which hot ingots or steel products 
are transferred or are stored; 

5. Brief exposure to very high temperatures, say 550 to 1100 C, accompanied by 
severe ablation, such as on pavements handling jet-engine aircraft. 

Other combinations of high-temperature conditions can be contemplated. 
Obviously, any accelerated test of durability must be designed to simulate the con

dition that is of interest in the contemplated use of the concrete, the properties to be 
measured must be selected for their pertinence to the performance in service, and the 
criteria of failure must be realistic in their indication of durability of the concrete in 
the proposed exposure. 

Of special interest will be the requirements for load-bearing by the concrete con
struction during or following the high-temperature exposure. In this instance, evalua
tion should be made of the effect of the simulated exposure on compressive strength, 
flexural strength, bond strength, modulus of elasticity, volume change, and effects of 
water saturation on strength and dimensional stability. Cyclical heating and cooling 
in the range from atmospheric temperature to about 100 C can produce a permanent 
dilation of the concrete (45) and greater volume changes are to be expected as the 
maximum temperature attained is raised. 

Other properties are critical in specific applications, such as thermal conductivity 
in insulating concrete, and change of the capacity of the concrete to effect neutron at
tenuation, as it will be affected adversely by loss of water of hydration from the cement 
paste matrix and aggregates. 
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The response of concrete to high-temperature exposure is determined by many 
factors, particularly the composition of the cement, proportioning of the mixture, the 
kind and amount of curing, the evaporable water content of the concrete, the void con -
tent of the concrete, and the composition and maximum size of the aggregate. Hence, 
each of these parameters should be accommodated in the design of an accelerated test 
that is intended to evaluate the ability of a concrete mixture to perform under high
temperature exposure. 

Many techniques have been employed by workers in this field. Davis (44) and Peter
sen (46) provide recent reviews of the pertinent literature. 

CONCLUSIONS 

Accelerated tests designed to evaluate the resistance of concrete to deterioration 
under an anticipated condition of exposure in service can afford valuable information 
that will aid in selection of the concrete-making materials, proportioning of the con
crete, requirements for curing and protection, techniques for finishing and surface 
treatments, and features of the concrete construction. They are especially helpful in 
comparing the prospective durability of alternative concrete mixtures and individual 
concretes with and without proposed treatment. However, available accelerated tests 
do not permit a quantitative estimate of the service life that will be obtained in the work. 

The value of any accelerated test lies in the degree to which the service condition 
is simulated and the extent to which the physical, chemical, and mechanical responses 
of the concrete in the service condition are reproduced in the method of test. Any sub
stantial departure from reality in these respects is likely to produce erroneous de
cisions in the approval or rejection of the proposed concrete mixture or the treatment 
that is under investigation. 

The need for accelerated tests will be minimized as fundamental research allows 
quantitative evaluation of those properties that control the response of concrete to its 
environment. 
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