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@ THE EXCESSIVE expansion and cracking of concrete in which argillaceous dolomitic
limestones from Kingston, Ontario are used as aggregates, has certain unusual fea-
tures when compared with the effects of alkali-silica reactivity normally associated
with alkali-aggregate reaction. Since the publication of preliminary studies of this
case (1), further research in this laboratory, together with reports of another apparent
ly related phenomenon (2, 3) has indicated that the mechanism of this reaction may
possibly be different from other previously described cement-aggregate reactions.

The use of cement with sufficiently low alkali content appears to have provided a
satisfactory solution to the field problem in the Kingston area. Although standard
ASTM methods of test for potential alkali-aggregate reactivity failed to reveal this be-
havior, it may be detected by measuring expansion of concrete prisms exposed to a
highly humid atmosphere (1),

In this paper laboratory results are presented that show the marked differences and
similarities between the characteristics of this phenomenon and those of the well-know
alkali-silica reaction. Much of the data were obtained on concrete test specimens and
are, therefore, considered to be of practical value also.

GENERAL MANIFESTATIONS OF THE REACTION

The phenomenon is characterized by excessive expansion and cracking of concrete
when a high alkali cement is used and the concrete is exposed to a moist environment.
In sidewalks and floor slabs, where the bottom side is exposed to a continuously humid
atmosphere and the top side is exposed to the weather, differential movement has pro-
duced a characteristic pattern cracking (Fig. 1). In the field these cracks penetrate
about two-thirds of the depth of an average slab. The areas surrounded by the cracks,
from 2 to 4 in. across, appear to be relatively sound. Spalling does not appear to be
characteristic of this reaction and edges at the cracks are still sharp in cases more
than 20 years old. There is no megascopic evidence on the surface or in the cracks of
old or new affected concretes of any material or formations that are foreign to normal
concrete. |

Great variability in both rate and degree of expansion and cracking has occurred in
field concrete where Kingston carbonate rock has been used as coarse aggregate. In
laboratory concrete, kept continuously in the curing chamber, expansion has reached
0.1 percent within six weeks. Cracking occurs at expansions of about 0. 05 to 0.10
percent. In extreme cases in the field, cracking has occurred within two to three
months of placing.

Using the same reactive aggregate and a cement with low alkali content, no exces-
sive expansion has occurred to date in laboratory concretes after nearly 4 years in a
highly humid environment and in field concrete after two years exposure.

RESPONSE OF VARIOUS METHODS OF TEST

The failure of the standard ASTM test methods to show potential deleterious alkali-
reactivity in the Kingston carbonate rock has been previously reported (1). Consider-
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able additional work with these tests and
certain modifications of them confirmed
the earlier findings.

Mortar Bar Test

In the mortar bar test (ASTM Designa-
tion C227-52T) the Kingston rock produc-
ed abnormal expansion but, on the basis
of accepted criteria for alkali-silica re-
activity (0. 05 percent at 3 months and
0.10 percent at 6 months), this rock
would be classified as not deleteriously
reactive to cement alkalies. Typical ex-
pansions at 3 and 6 months are given in
Table 1 for the "very reactive' and the
"]east reactive' from each of two major
quarries. Expansions of the concrete
prisms, in which the rock is in the form
of coarse aggregate (maximum size, %
in. ) are much greater in both rate and de-
gree. It should be noted that the mortar Figure 1. Map cracking in a sidewalk in
bars are conditioned at 100 F whereas Kingston.
the concrete prisms were conditioned at
73 F and 100 percent relative humidity.

The low expansions of both mortar bars and concrete prisms are of the same order
when a low alkali cement is used.

Mortar bars containing very reactive aggregate were continued in the test and at the
end of 39 months showed an expansion of 0. 060 percent. The corresponding bars made
with the low alkali cement had expanded 0. 035 percent at this age. Rate and degree of
expansion of the mortar bars were not reduced when a lower water-cement ratio was
used. In this respect the phenomenon differs from the alkali-silica type. The very
active calcined shale, when substituted for 25 percent by weight of the cement, reduced
expansion in the mortar bar test by about the same amount as the low alkali cement
(1). Itis clear that the mortar bar test will give an indication of this phenomenon but
a different criterion would have to be established from that used for alkali-silica type
reactions.

Quick Chemical Test

The quick chemical test (ASTM Designation C289-54T) was found to be inapplicable
as a method for detecting the adverse behavior of the Kingston dolomitic limestone (1).
The average silica release for the most reactive rock was 18. 4 millimoles per liter; average
reduction in alkalinity was 144 millimoles per liter. These values would lead one to conclude
that the aggregate is free from deleterious alkali-reactivity. The corresponding values for
the least reactive rocks were 8. 3 and 323 millimoles per liter. The inadequacy of the present
test where dolomitic limestones are concerned has been noted and possible modifications
suggested both in procedure and interpretation (1,4,5). One suchmodified procedure, in
which the determinations were made on the acid insoluble residue, gave values of silicare-
lease and reduction in alkalinity of 49. 1and 23. 6 millimoles per liter, respectively, when
recalculation on the basis of the original rock. These values could be interpretedas indicat-
ing potentially deleterious alkali-silica reactivity. Similar values were, however, obtained
for the '""nonreactive’ rock.

Conrow Test

In the Conrow test (ASTM Designation C342-55T) the very reactive Kingston rock
gave expansions that were not significantly greater than those of nonreactive rocks.
At 12 months the values for the very reactive rock when made with high and low alkali
cements, were 0.029 and 0. 018 percent, respectively. The corresponding values for
the "nonreactive” Kingston rocks were 0.029 and 0. 040 percent and for the nonreactive
control rock, 0.012 and 0, 021 percent.
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TABLE 1

EXPANSIONS IN STANDARD ASTM MORTAR BAR TEST COMPARED WITH
THOSE OF CONCRETE PRISMS CONDITIONED AT 100 PERCENT
RELATIVE HUMIDITY AND 73 F

Percent Linear Expansion (percent)

Quarry Cement 3 Months 6 Months
Level Alkali, Mortar Concrete Mortar  Concrete
Carbonate Rock (feet) as Na:0 Bar Test Prisms Bar Test Prisms

Quarry A
Very reactive 0-24 1.19 0.031 0.175 0.043 0.235
Very reactive 0-24 0.45 0.016 0.018 0. 024 0.023
Least reactive 24-30 1.19 0. 005 0.016 0.006 0.018
Quarry B
Very reactive 0-12 1.19 0.025 0.063 0.033 0. 092
Least reactive 12-13 1.19 0.004 0. 021 0. 009 0.030
Control
Nonreactive - 1.19 0. 004 0.003 0.004 0.004

Petrographic Examination

Petrographic examination of cut and polished sections of affected field and laboratory
concrete at ages up to 3 years showed that the reaction had some characteristics very
similar to the alkali-silica reaction. It lacked certain other features, however, that
have been established as essential characteristics of such reactions by study of many
such cases. The following observations are based on examinations made by authorities
on alkali-aggregate reaction at the request of the authors (6, 7) and on the findings of
this laboratory. -

Many of the carbonate rock particles exhibit ''reaction rims': some are narrow and
dark and others are wider and less well-defined. The dominant silica mineral is
quartz which is not known to be deleteriously reactive to cement alkali.

Fracturing is abundant and penetrates the carbonate rock particles as well as the
cement mortar, but only a very small quantity of alkali silica-gel can be detected.
Considerable micro-fracturing was observed and the freshly broken mortar surfaces
had a slightly chalky appearance. A significant number of contact surfaces between the
cement paste and aggregate particles had been disrupted by large fractures and micro-
fractures, and many of the sockets from which the particles were removed showed
slight brownish stains. Deposited on the fracture surfaces were varying amounts of
calcium carbonate and calcium sulphoaluminate, the latter in somewhat larger amount
than normal. There appeared to be some similarity between these affected concretes
and concretes that have responded to the Scholer test.

Where low-alkali cements had been used and no excessive expansion had occurred,
there was also rim formation, the rims generally being broader and about as pre-
valent as in affected concretes made with a high-alkali cement.

Concrete Prism Test

The concrete prism test was the only method found to be reliable in detecting the
type of alkali-reactivity present in the Kingston dolomitic limestone. It consisted of
measuring length change of concrete prisms continuously conditioned at near 100 per-
cent relative humidity and 73 F. The rate and degree of expansion were compared for
concretes made with the Kingston limestones and low- and high-alkali cements, and
similar control specimens made with nonreactive limestones. The method has the
practical advantage of being a direct test on concrete. Careful control permitted
detection of reactivity through abnormal expansion after only three or four weeks for
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the very reactive rocks, but several
months, or even a year or more, may be
required for less reactive rock or for
evaluating the effectiveness of low-alkali
cement in reducing expansion to a safe

Expansion of concrete prisms accele-
rated slightly when subjected to higher
temperatures or to a wetting-drying cycl-
ing action such as a modified Scholer test
(8). The advantage is more than offset,
however, by the more complicated appa-
ratus required and the greater difficulty
of control, Comparable results of these
tests are given later.

The concrete prisms used in these tests
were 3- by 4- by 16-in. or 3- by 3- by
10-in., with reference studs inset at each
end during fabrication. The moulds were
lined with vinyl sheeting to avoid a coat-
ing of grease. The comparator (Fig. 2)
was so designed that the prism rested on
a firm base; the measuring plug at the
bottom was adjusted to the measuring
stud on the prism by means of a counter-
weight system. The micrometer at the
top measured to the nearest 0. 001 in.

Concrete mixtures were all in the range
of normal job concretes with control mix-
tures made at the same time and in exact-
ly the same way as the test mixtures.
Cement-sand ratios were 1:2and 1 :21/4; ce-
ment-stone ratios varied from 1:2%to 1:3%,
depending on the maximum size stone.
Water-cement ratios ranged from 0. 44 to
0. 60 by weight with slumps from % in. to
3 in. for all except special cases.

Figure 2. Comparator assembly for measur-
ing length change of concrete prisms.

CHARACTERISTICS OF THE REACTION IN CONCRETE
Influence of Composition

Cement Alkali. —The direct influence of the alkali content of the cement on the ab-
normal expansion of concretes made with the reactive dolomitic limestone is shown in
Figure 3. Concrete mixture proportions were 1:2%: 2%, with a %-in. maximum size
stone and a water-cement ratio of 0.47. Each curve represents the average linear
change of two 3- by 3- by 10-in. prisms maintained continuously at near 100 percent
relative humidity and 73 F. The total percent cement alkali (calculated as sodium
oxide) with the sodium and potassium oxide values for each (given in brackets) were:
0.99 (0.96, 0.05); 0.52 (0.46, 0.09); and 0.10 (0.01, 0.14).

Cracking of the affected concretes became visible at expansions of 0. 06 to 0.10 per-
cent. The control concrete made with a nonreactive reference limestone and a high-
alkali cement showed negligible expansion of the same order as the bottom curve of
Figure 3.

The increase in the rate and degree of expansion with increasing alkali content was
found to hold whether all the alkali derived from the cement or whether part of the
alkali was added. The effect of added alkalies is shown in Figure 4. Mixture propor-
tions were 1:2:3%, with a maximum size aggregate of 34 in. and a water-cement ratio
of 0.475. The low alkali cement used contained 0. 31 percent total alkali calculated as
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Figure 3. Effect of cement alkali content on expansion of concrete containing reactive
Kingston carbonate rock as coarse aggregate.
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sodium oxide (0. 14 percent sodium oxide and 0. 26 percent potassium oxide). Incre-
ments of sodium and potassium hydroxide were added to the mixing water in equi-
molecular quanitites to give total alkali contents of 0. 71 and 1.11 percent. The plots
are derived from the average expansions of duplicate 3- by 4- by 16-in. prisms con-
ditioned continuously at 100 percent relative humidity and 73 F. Results similar to
those in Figure 4 were obtained with a low-alkali Type V cement when sodium hydro-
xide was added to the mixing water.

With higher alkali contents, the sodium form of the alkali was more aggressive than
the potassium form. This characteristic of the reaction is similar to that for the alkali-
silica type (9), and was observed in other tests using different cements. These results
indicated that the alkali was the only component of the cement that acted as the reac-
tant or catalyst in the reaction of the carbonate rock. This conclusion was supported
by expansion results involving a total of 15 cements varying in composition and fineness.

From a practical point of view, these and many other experimental results indicated
that the generally accepted limit of 0.6 percent on total cement alkali where an alkali-
reactive aggregate is to be used, is too high for the Kingston rock. It is suggested that
a limit of 0.45 or 0.40 percent be accepted for this case.

Potential Inhibitors. — Partial replacement of the high-alkali cement with pozzolanic
materials, an effective method of inhibiting alkali-silica reactions, appeared to be
effective for a limited period but not at later ages for concretes made with the Kingston
rock. This is illustrated in Figure 5, where expansions of concretes with no replace-
ment are compared with concretes in which 25 percent of the cement, by weight, was
replaced by an active calcined shale and by a fly ash (cement alkali = 1. 19 percent,
calculated as sodium oxide). This limited influence of a pozzolan does not necessarily
indicate a difference in behavior of this reaction from the alkali-silica type; rather it
may be due to the degree of reactivity present. Nevertheless, it was found that a 1
percent addition of lithium chloride, an effective inhibitor of alkali-silica reactions (10)
had no retarding influence on this reaction at early or at late ages. -

Ten pozzolanic materials were tried, some in 25 percent replacement of cement by
weight, and others in 25 percent replacement by volume. Some had no effect, others
a small early influence, taking into account the reduction in alkali as a consequence
of reduction in cement.

It should be remembered that the calcined shale appeared to have a definite inhibit-
ing influence in the mortar bar test.

Aggregate Size. —The rate and degree of expansion of concretes made with the Kingston
rock and a high alkali cement were found to decrease with decreasing maximum size of
aggregate. This is shown in Figure 6, where the expansion of the concrete made with
37 to Y%-in. rock is greater than that for the concrete made with % to %s-in. rock. The
iiotted line shows the expansion of the mortar bars made with the rock {maximum size

/a in.).

Other Variables in Concrete. —The rate and degree of expansion of concretes made
with The reactive Kingston limestone and a high alkali cement was found not to be signi-
ficantly influenced by varying the water-cement ratio between 0. 44 and 0.70. The
lower water-cement ratios actually gave slightly higher expansions both for the cements
and the mortar bars. In this respect the reaction differs from the alkali-silica type.

The moisture condition of the aggregate prior to incorporation in the concrete also
had no significant influence in the expansion; however, saturated aggregate produced
slightly higher expansion than aggregate exposed to laboratory drying or to 100 per-
cent relative humidity conditions.

The type, grading, and proportion of siliceous sand had no detectable influence when
used with the reactive-rock coarse aggregate. No measurable increase in expansion
was obtained when the siliceous sand was replaced by sand made from the reactive
limestone.

Entrained air did not appear to have any influence on the expansion of concretes
containing the reactive combinations. Variation in method and degree of compaction
and in finishing techniques also had no observabie effect.




‘16 Variations in amounts of each of the
"reactants' (high alkali cement and reactiv
rock) produced the corresponding propor-

/Len 25 % cement

; 12 Normal mix )o/ = - 2 tional changes in rate and degree of expan-
2 /[/A 4%'5‘ 7 sion of the concretes.
§ 08 . /‘/I < <fFiyaeh Variation in the Carbonate Rock. —Stra-
H /?;/‘ P \ Cotemed shale tigraphically the rocks in the two quarries
5 oa A -7 | | are of Ordovician age and belong to the
H it Av of two 3x 310 inch prisms Black River formation. The rock from the
W 100 % RH and 73 4°F several operating or natural horizons in

o) L L |Iz |,s L J,  €ach of the two quarries showed, on the

Time, Months {1mo =28 days) basis of expansion of concrete prisms,

variable degrees of reactivity. These dif-
ferences are compared in Table 2 with val-
ues for corresponding samples made with
a low alkali cement. The test samples
were continuously exposed to 100 percent
relative humidity and 73 F.

The most reactive rock is found in the top 24 ft of Quarry A. It has been used ex-
tensively as coarse aggregate for concrete in the Kingston area, and was used in most
of the studies of the characteristics of the reaction. Physically it was found to be
satisfactory as a coarse aggregate when evaluated by conventional acceptance tests.

This rock is a fine-grained caleareous dolomite or dolomitic limestone with an acid
insoluble content of 5 to 15 percent and containing approximately equal proportions of
calcite and dolomite, Bulk specific gravity was 2,70 and absorption 0.7 percent. Pore
volume, as measured by the mercury vacuum pressure method, was found to be very
small.

In the acid insoluble portion, clay minerals present are illite and lesser amounts of
chlorite together with a small proportion of finely divided quartz, feldspar, and graph-
itic material. In the more highly calcitic carbonate rock used as a nonreactive refer-
ence, the acid insoluble material, though somewhat smaller in amount, was found to
have a very similar composition.

The bed at a depth of 24 to 30 ft produced a relatively small expansion of the concret
Its dolomite content is much higher than the calcite content. It is a slightly green rock
with an acid insoluble content of about 40 percent. The acid insoluble constituents are
similar to those in the upper horizons except that this bed contains, in addition, a con-
siderable quantity of silt-size and very fine sand-size particles of quartz. Less than
5 percent of this rock was considered
physically unsound. Pore size was also
very small but absorption was relatively 20 . . . .
high, about 3 percent. Concrete  3-4-16 in prisms

The 30- to 36-ft layer in the same 100% RH and 73°F
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placement by pozzolans.

still more dolomitic and has a higher ab- = o]
sorption, 6 percent. The acid insoluble s v s
portion is about 30 percent. z / /o= % inch stone—

The rocks from the other horizons in 2 08 =
the two quarries varied in composition u / Hortar bars (ASTM. smndu:d_i:sl)_x
from dolomitic limestones to calcitic & 04l t/ o it i
dolomites with no clear-cut relation be- E X
tween reactivity and composition. The %
relatively rare occurrence in nature of 5 ry 8 12 6 20 24
carbonate rocks having roughly equal Time, Months (1mo=28 days)

proportions of calcite and dolomite (_1_1)
suggests a constitutional instability which
may be responsible for reactivity with

Figure 6. Effect of maximum size of re-
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and mortar bars.
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alkalies. In certain of the rocks soaked in alkaline solution a reduction in dolomite
content was observed on X-ray films. In the case of a composite sample of the 0- to
24-ft series the strong dolomite lines have almost completely disappeared while three
new lines, attributed to brucite, have appeared on the pattern. In the 102~ to 12-ft bed
the dolomite lines are weakened after the alkaline attack on the rock (Fig. 7). The
highly dolomitic rock at Kingston produced only a small abnormal expansion, and the
highly calcitic reference rocks showed no reactivity. The X-ray patterns show no ap-
parent change before or after alkaline attack.
The rocks that produced only small expansion of concrete (24 to 30 ft layer) were
combined with various proportions of the nonreactive reference rock, both as coarse
ggregate and as fine aggregate. In no case was a pessimum obtained. Combinations
f the very reactive rock and the least reactive rock produced dilution effects only.
Extensive studies are being continued by the Division in an attempt to determine the
mechanism of the reaction.

Influence of Environment

Moisture. — Laboratory and field observations showed that the Kingston reaction was
dependent on a moist environment as are alkali-silica reactions. In the concrete prism
test maximum rate and degree of expansion was obtained by continuous exposure to
near 100 percent relative humidity. Continuous immersion in water at the same tem-
perature (73 F) gave similar expansion values for concrete prisms. This dependency
on moisture is shown by the expansion values plotted in Figure 8. Duplicate 3- by 4-
by 16-in, concrete prisms were made with the reactive rock and with a nonreactive
limestone rock as a reference, each with a high alkali (1. 19 percent) and a low alkali

TABLE 2

EXPANSION OF CONCRETE MADE WITH ROCK FROM DIFFERENT
LEVELS IN THE TWO QUARRIES

Prisms, 3 by 4 by 16 in. Mix = 1:2:3Y,
Condition: 100 percent relative Max. size rock =% in.
humidity and 73 F Slump =1 in,
Percent
Cement Linear Expansion (percent)
Quarry Level Alkali
(ft) as Na.O 6 months 12 months 18 months 24 months
Quarry A
0-24 1.19 0.233 - - -
0.36 0.027 0.034 0.045 0. 048
24-30 1.19 0.017 - 0.026 0. 026
30-36 1.19 0.002 - 0. 006 -
0.36 0.005 0.009 0.010 0.012
36-48 1.19 0.058 0.070 0. 087 0.092
0.36 0.010 0.012 0.016 0.020
48-60 1.19 0.023 0.030 0.033 -
0.36 0.016 0.008 0.008 -
Quarry B
0-12 1.19 0.093 0.110 0.115 0.118
0.36 0.010 0.018 0.020 0.020
12-13 1.19 0.022 0.032 0.033 0.037
0.36 0. 001 0. 006 0.010 0.011
13-15 1.19 0. 050 0. 051 - 0. 060
0.31 0.014 0.019 0.023 0. 026
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Figure 8. Expansion of test concretes following initial drying period.

cement (0. 36 percent). After curing 7 days the prisms were conditioned at 50 percent
relative humidity and 73 F for 63 days, after which they were immersed in water. All
the specimens contracted normally and by the same amounts during the drying period.
Once immersed in water, however, the concrete made with the reactive Kingston rock
and the high alkali cement began to expand rapidly while the one with the low alkali
cement showed the usual slight expansion. The initial drying period appeared to have
had no permanent effect on the subsequent reaction under moist conditions.

Temperature. —The influence of temperature on the reaction is shown in Figure 9.
Duplicate concrete prisms made with the reactive carbonate rock and with high and low
‘alkali cements were conditioned at near 100 percent relative humidity at temperatures
of 73, 100, and 130 F. With the high alkali cement (1. 19 percent) the increase in the
rate and degree of expansion with increase in temperature from 73 to 100 ¥, and the
apparent reversion at 130 F indicate that the temperature effect in the reaction is re-
markably similar to that of the alkali-silica type of reaction (_1__2_). With the low alkali
cement (0. 31 percent) the expansion became excessive at the higher temperature,
suggesting that, in the field, for a combination of a high temperature and a moist
environment, the cement alkali must be very low to prevent excessive expansion and
cracking.

Cycling Involving Moisture and Temperature. — The rate and degree of expansion
of concrete containing Kingston limestone as coarse aggregate have been compared
for different exposure conditions (1). A modified Scholer test (wetting for 6 hours
at room temperature and drying for 6 hours at 130 F) produced a somewhat high-
er expansion than exposure to 100 percent relative humidity at 73 F. The expan-
sions of corresponding specimens subjected to slow freez-thaw cycling (freezing
in air) and to outside exposure were much lower. In the wetting-drying test, the
expected retardation of the reaction due to drying was apparently more than offset
by the high drying temperature. In the freeze-thaw test the observed retardation
was apparently caused by the lower temperature.
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Figure 9. Effect of temperature on expansion of concrete made with reactive carbonate
rock.

The normal Scholer test (16 hours wetting at room temperature and 8 hours drying
at 130 F) was carried outon non-air-entrained concretes made with low and high alkali
cements and coarse aggregate from each of the operating horizons in the two quarries.
The expansions at various ages are shown in Table 3. These values are comparable
with those exposed to 100 percent relative humidity and 73 F in Table 2. These two
methods of test appear,therefore, to reveal reactivity of the rock through expansion of
concrete.

Companion specimens subjected to freeze-thaw cycling (6 hours freezing at 18 F an
6 hours thawing at room temperature) showed the usual lower rate of expansion for the |
concretes made with the reactive rocks and the high alkali cements. With low alkali
cements, only the 30~ to 36-ft bed in Quarry A showed low durability. Air-entrained
concrete made with the very reactive rock and a low alkali cement showed no sign of
disintegration after more than 1, 000 cycles.

EXPANSION OF CARBONATE ROCK IN ALKALINE SOLUTION

The presence of a considerable clay fraction in the reactive Kingston limestone sug-
gested the possibility that relatively weak clay seams were opened up to the strong al-
kali solution present in concrete made with high alkali cement, and that the expansion
of the concrete may therefore have resulted from cracking of the rock itself rather
than from an inherent tendency to expand.

Samples of the Kingston rock and of reference carbonate rock were immersed in
2-molar alkaline solution, made up of nearly equal parts of sodium and potassium hy-
droxide and containing 0. 01 equivalents of calcium ion and 0. 15 equivalents of sulfate
ion,

In one experiment 500 gm of the reactive crushed rock (% to % in.) was vacuum
saturated with the above solution and compared with a control specimen of inactive
carbonate rock treated in the same way. The volume changes of the solutions were
measured and, by subtracting the volume change of the control specimen from the test
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TABLE 3

RESULTS OF SCHOLER TEST ON ROCKS FROM SELECTED
LEVELS IN THE QUARRIES

ix: 1:2:3% Cure before cyclira:
lump = 2 to 3 in, 7 days moist room
x size =% in. 21 days drying, 50 percent
relative humidity and 73 F.
Percent
Cement Linear Expansion (percent)
Quarry Level Alkali
(ft) as Na.O 3 months 6 months 12 months 18 months
rry A
0-24 1.19 0.132 0.182 0.234 -
0.36 0.018 0. 029 0.032 0.033
24-30 1.19 0. 007 0.014 0.022 0.024
0.36 0. 004 0.012 - 0.013
30-36 1.19 0. 001 0.011 0. 022 0. 024
0.36 0. 003 0. 009 0.012 0.012
36-48 1.19 0.106 0.158 0.200 0.220
0.36 0.012 0. 026 0. 033
RQuarry B
0-12 1.19 0.043 0. 051 0. 070 0.074
0.36 0.016 0. 020 0. 026 0. 028

Specimen at each reading, small fluctuations due to temperature change and residual
absorption were consideredas cancelling out. The net increase in volume exhibited by
the reactive rock was remarkably similar to the expansion curves for the affected con-
rretes previously described. Net expansions were: 0. 06 at 1 month, 0.10 at 2 months,
D. 15 at 4 months, and 0.22 at 8 months. An estimated one-sixth of the rock had
eracked up but this should not have affected the total volume of solid plus solution.
Rock prisms, measuring 1% by 5% in., were cut from several selected beds in
rry A and from reference carbonate rocks. The ends were planed and polished to
ermit the fitting of special plates for measuring length changes in a comparator.
isms were immersed continuously in 2-, 0.44-, and 0. 06-molar alkaline solutions
nd in water. The small volume change due to wetting was corrected for by taking as
, ero expansion the readings after one-day immersion.
Although many of the reactive prisms cracked, mainly along bedding planes, after
) nly a week or two inthe 2-molar solution, some prisms remained uncracked and
 olume changes were measured up to one year of age. Typical plots are shown in
Figure 10 for the 6- to 7-ft bed in Quarry A.
The expansion of the rock in the 2-molar alkaline solution was remarkably similar
.n rate and degree to the expansion of concretes made with the reactive rock and a high
lkali cement. The 0.44-molar solution had no effect but did show a slight tendency to
) roduce expansion after 9 months. This solution did produce a considerable expansion
»f a more reactive rock, the 10%- to 12-ft bed. The reference rock, not shown,
7 ielded values closely corresponding to the lowest curves of Figure 10.
These results would suggest that the alkali, although producing cracking at planes
>f weakness, also produces an expansion of the reactive rock itself. This method would
ppear to be a means of determining the type of reactivity exhibited by the Kingston
dolomitic limestone.
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Figure 10. Expansion of limestone prisms in alkaline solutions, 6 -~ 7' bed, Quarry A

SUMMARY AND CONCLUSIONS

The alkali-reactivity of the Kingston carbonate rock was found to be similar in cer-
tain important respects to the alkali-silica type of reaction. Certain characteristics
were, however, markedly different.

The points of similarity were: (1) the specific influence of alkali content, whether it
derives from the cement or is added, (2) the more aggressive influence of the sodium
than the potassium hydroxide, (3) the influence of temperature, with evidence of an
optimum, (4) the direct influence of moisture, and (5) the abnormal expansion of
concrete, followed by map-cracking where moisture conditions vary at two surfaces.

Characteristics that show some limited degree of similarity were: (1) rate and de-
gree of expansion were apparently higher in this case; (2) decrease in expansion with
decrease in particle size of aggregate, apparently due to break-up at planes of weakne:
as well as to increase in surface area forafixed amount of alkali; (3) rim formation
present but different in appearance fromthe alkali-silicatype; (4) microscopic evidence
of fracturing of paste and aggregate but difference in appearance of affected areas.

Distinguishing features were: (1) absence of significant quantities of gel; pore volun
was extremely small, and amount of silica very small, hence it is not likely that failur
to detect gel is due to its distribution throughout the pores; (2) absence of minerals or
rock types known to react deleteriously with cement alkali; (3) failure of alkali-silica
reaction inhibitors to control this alkali-carbonate rock reaction; (4) increase in water
cement ratio apparently does not increase rate of reaction; (5) uncracked parts of the
affected concrete appear to remain intact, even after many years.

The Kingston carbonate reaction is not detectable by the standard ASTM tests. It
may be detected by exposing concrete prisms made with the suspected rock and a high
alkali cement to near 100 percent relative humidity and 73 F conditions, or to the
Scholer test. It may also be detected by measuring expansions of the rock in alkaline
solution.

As a tentative conclusion rocks composed of near equal proportions by weight of
dolomite and calcite may be regarded as suspect and it seems possible that a connecti
exists between the expansive reactivity and the dedolomitization reaction (replacement
of dolomite by calcite and brucite).
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Work is continuing to establish whether the reactivity with alkali is controlled by
he composition, texture, or structure of the rock.
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