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CELL TEST METHOD FOR STUDY OF ALKALI-CARBONATE 
ROCK REACTIVITY 

Argillaceous dolomitic limestone from Kingston, Ont., expands when placed 
in a strongly alkaline environment. Such expansion may disrupt concrete 
that contains aggregate made from this rock. A cell technique has been de- 
veloped to test samples for reactivity. The apparatus is described and results 
are illustrated with reference to eight samples of concrete. Petrographic, 
mineralogical, and chemical analyses are given for the samples tested. The 
cell technique is discussed in relation to other test metllods. I t  is possible to 
recognize pote~~tially reactive carbonate rocks petrographically, but it is not 
possible to predict the amount of expansion a particular sample will produce. 
Linear measurements of concrete beams give reliable results, but the cell 
technique is more rapid. Dimensional change measurements of rock prisms 
soaked in alkali may give erroneous results if undetected microcracks de- 
velop. I t  is also difficult to allow for anisotropic properties of rocks, and many 
samples must be studied if the results are to be representative of a quarry. 
The cell technique eliminates these difliculties; powder is used and the ex- 
pansive reaction may be smoothly followed to completion. 

FVhen argillaceorls dolomitic limestone 
from Kingston, Ont., is used as aggre- 
gate it produces cracking and deteriora- 
tion in concrete made with high-alkaii 
cement. The concrete failure is caused by 
expansion of the rock in strong alkali. 
Similar behavior by aggregates has been 
reported front other localities (1,2).= 

Swenson (3) found that on the basis of 
tkst criteria developed for alkali-aggre- 
gate reaction up to the time of the initial 
investigation, the Kingston aggregate 
would not be considered deleteriously 
reactive. Concrete beams made with 
Kingston coarse aggregate cracked after 
several months' exposure to high humid- 
ity conditions and measurements showed 

that a systematic elongation occurred 
(3,4). Expansion was also measured on 
rock prisms soaked in alkali (4,s) and the 
method has been considered tentatively 
as n test method (6). 

The concrete beam test, though reli- 
able, is time consuming; measuren~ents 
made on more than one rock prism 
soaked in alkali are needed if the infoma- 
tion is to be representative, since great 
differences in reactivity are knowq within 
a single quarry. Directional properties in 
the rock such as bedding also influence 
resuIts (4, Fig. 10). A test method has 
been developed in which powdered rock 
is used. The sample is readily made 
representative, variations due to direc- 

qnorgsuic Materids Section, Division of 
tional properties are eliminated, and the 

Building Rwmch, Nations1 Research Council, fine particle size gives a rapid. response. 
Ottawa, Ont. 

The boldface numbers in parentheses refer 
The-apparatus is described and the be: 

to the liyt of references appended to this paper. 11;~~ior in this test of eight sanlples of 
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Porous plofe of 
2 micron stainless steel  

Wing nut 

0   PSI 

Rubber membrane 

FIG. 1.--Cell for Testing Reactive Aggregate. 

FIG. 2.-Two Hakes of a CelJ., Capillary Tube, and Metric Stde Used to Measure Volume Change 
in Powdered Aggregate. 

known performance in concrete is dis- clays (Figs. 1 a& 2). A powdered sample . 

was mixed with a little water and placed cussed. 
on the rubber membrane in the compres- 

EXPERIMENTAL PROCEDURE sion chamber and sealed with O-rings. 

The apparatus is an adaptation of that It had access to water or alkali via a 

used by Warkentin et a1 (7) in work on porous plate of stainless steel of 2-p pore 
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diameter. The chamber below the rubber 
membrane was filled with water leading 
to the precision (1-mm bore) capillary 
tube so that voltu~ie changes in the 
compression chamber were registered by 
the meniscus. Phenolphthalein solution 
was added to this water so that any leak- 
age of alkali through the rubber mem- 
brane would have been apparent. The 
sample was confined under a constant 
air pressure of 5 psi, and the whole ap- 
paratus was immersed in a water bath 

Experiments showed that about 100 ml 
of alkali were required to exhaust the 
expansive capabilities of 30 g of rock. 
The expansive reaction normally went to 
coinpletion in about two weeks, and the 
whole experiment took about one month. 

DESCRIPTION OF SAMPLES 

Rocks of different petrographic char- 
acter, ranging in composition from al- 
most pure dolomite to lhnestone, were 
obtained. Some of the samples were 

TABLE 1.-DOLOMITE-CALCITE COMPOSITION AND REACTIVITY OF 
CARBONATE ROCKS. 

a Calculated from magnesium and calcium assumed present only as carbonate. 
Plus 1.76 per cent aluminum dioside. 

to maintain a constant ternperatwe of 
22 C. 

A t  the start of each experiment the 
sample had access to deionized or distilled 
water in the reservoir via the porous 
plate. When a slowed contraction was 
registered by the meniscus, indicating 
little further conlpaction of .the powder 
under a pressure of 5 psi, the water was 
replaced by a 2 M solution of-alkali. 

In the initial experiments the solution 
was circulated continuously by a peristal- 
tic pump. Similar results were obtained, 
however, when the solution was left 
static in a reservoir behind the porous 
plate, and a reservoir was incorporated 
in the design of the apparatus illustrated. 

Sample 

~ingstoncom~osite.l 
VirginiaB ......... 
Georgia ........... 
Indians B . .  . . . . . . . 
Indiana A . .  . . . . . . . 

Ohio.. . . . . . . . . . . . . 

known to be reactive and were supplied 
by other workers. All ivere subjected to 
either the concrete beam test or the rock 
prism test. Those rocks that expanded in 
the tests were used in investigating the 
reliability of the cell technique as a test 
method. Certain of the sa~nples produced 
no ex-pansion in the rock prism test and 
concrete beam test but were still used in 
the cell test. Partial chemical analyses of 
the samples described here are given in 
Table 1, where the percentage conlposi- 
tion is shown in terms of acid-insolubles, 
dolomite, and calcite. The carbonates 
were calculated from the experimentally 
derived values for magnesium and cal- 
cium on the assumption that these 

Partial Analyses, per cent CaIcutated 

Virginia A . .  . . . . . . . 
Alabama. . . . . . . . . . 

Total 

99.07 
99.31 
99.45 
99.12 
99.60 

99.79 

Reactivity 

Reactive 
Reactive 
Reactive 
Reactive 
Slightly rcac- 

tive 
Slightly reac- 

tive 
99.62 

100.32 

Acid- 
Insoluble 

- 
5.69 

14.9Tb 
5.31 

14.08 
6.18 

6.67 

Do,e 1 a*m 
mite? cite, 

Unreactive 
Unreactiw 

--- 

Ca 

---- 
0.4628.346.38 
0.7024.685-85 
0.3430.854.94 

26.645.21 
0.2833.27 

1.8825.667-64 

Fe 

- 

0.43 

1.87 

Ca1cite:Dolomite 

per cent 

48.42 
44.36 
37.44 
39.55 
22.66 

59.43 

B1g 

-- 

2-99 

W,ight ----- 
0.92 
0.85 
1.61 
1.14 
3-12 

0.63 

per cent 

44.60 
37.53 
56.70 
46.06 
70.76 

31.81 

Y 

1.G9 
1.56 
2.79 
2.09 
5.77 

0.99 

0.67 (0.13 34.721 65.03 
0.11 26.3 2.72 71.46 5.00 

1-87 3.45 
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element? were present only as carbonates. 
The value shown for the calcite-to-dolo- 
mite ratio hj7 weight and by ~noles was 
also calculntecl. These samples all fall 
withirr the corlipositioi~ fields of dolonlitic 
linlestone or. calcitic dolomite (81, which 
includes the critical range of conlposition 
for alkali-carbonate rock reaction. 
Within this range, however, there seems 
to be no simple relationship between 
composition and reactivity. The very 
slightly reactive sample from Ohio, for 
ex,mple, is not much different in its 
percentage of acid-insoluble or carbonate 

structure metastable. Such a dolomite is 
described as nonideal. Calcite sometimes 
shows variation in composition also, the 
most cornxnon Being a replacement of 
calciunl by magnesium. These changes of 
composition lead to such characteristic 
effects on the X-ray powder diffraction 
pattern as a line shift resulting from a 
change in lattice spacing. This may be 
determined by accurate measurement of 
X-ray powder patterns and is related to 
the composition of the doIomite or calcite 
expressed a5 M per cent magnesium 
carbonate in calcium carbonate. The 

TABLE 2.--COMPOSITION OF CARBONATES IN TERMS OF MOLAR PER CENT. 

Sample 

Kingston: 
6 t o 7 f t b e d  ...... 
10% to 12 ft bed. . 
20to21 ftbed .... 

Virginia B. . . . . . . . . . 
Georgia. . . . . . . . . . . . 
Indiana 3.. . . . . . . . . 
f ndiana A .  . . . . . . . . . 

Reactivity 

Reactive 
Reactive 
Reactive 
Resetive 
Reactive 
Reactive 
Slightly 

reactive 
Ohio C~s.4~hfg4s.52 * 1.22 CacdJ.uMgl.rd & 0.73 Slightly 

reactive 
Virginis A. . . . . . . . . . Cas(.74M&5.zs =t: 0.68 C~.~oMgi.ao f 0.24 Unreaotive 
Alabama. . . . . . . . . . . C a s o . g ~ M ~ ~ . ~ ~  zt: 0.10 C&g.wMgo.as f 0.27 Unreactive 

f Tolerance. gives the 96 per cent confidence intend for the mean value shown for either 
element expressed in mole per cent. 

coinposition from the highly reactive 
Kingston material. The calcite-to-dolo- 
mite ratio of the weactive Alabama 
rock is not much different from the reac- 
tive Georgia sample, though there is a 
much lower content of acid-insoluble 
material. Tllis is also true of the unreac- 
tive rock from Virginia and of other 
noneqansive samples where the carbon- 
ate co~nposition suggested potential 
reactivity. 

Goldsmith and Graf (9) showed that do- 
lomite may contain an excess of calcium 
carbonate above the theoretical 50 M 
per cent and that the lattice of such a 
dolomite is corninonly disordered and the 

composition of the dolon~ite and calcite 
in the rocks described in this paper was 
determined in this way from X-ray films 
taken with a Guhier quadruple focusing 
camera (Table 2). Results for the Ring- 
ston samples have been previously 
published (lo). There is little sign of a 
correlation between composition and 
reactivity. Dolomite and calcite, which 
make up the unreactive Alabama rock, 
are both nearly ideal, whereas the un- 
reactive Virginia A sainple contains 
carbonates, which are very close in 
composition to the nonideal dolonlite and 
slightly magnesian calcite of the reactive 
rocks. 
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The rocks were examined microscop- size of about 0.05 mm, but despite the 
ically m d  some of the less familiar petro- extensive dolomitization, the fabric 
graphic terms used are defined here: criteria of Bathurst (13) show that the 

1. Znhndodr.-Fragments of semiconsolidated matrix has not undergone grain growth 
sea-bed redeposited after local erosion. or recrystallization. The rocks were de- 

2. ~crite.-Finidcite (C~COJ) in crystals of posited under generally quiet sedi- 
1 to 4 p in diameter. 

3. ~ ~ z l r a ~ . - A  rock in which the dominant 
mentary conditions and have been 

fragmental material consists of intracttrsts dolomitized but not *e''J'stauized (lo). .- 
in a matrix of niicrite. The petrography of the reactive rocks 

-0-04 
0 4 8 12 0 4 8 12 

Time, Months, I Month = 28 Days 

Legend 

0 I ! " ~ x ~ ! " ~ x ~  Inch rock prism in 2 molar 

olkoli solution 

Average of t w o  3 X 4 X 16 inch concrete beams 

0 High olkoli cement 100% R.H. 73 OF 

Low alkali cement 100% R.H. 73 O F  

Fro. 3.-Expansion of Rock Phsms and Concrete Beams. 

4. Inlraspude.-As No. 3, but matrix consists 
of c l w  calcite crystals generally larger 
than 10 p. 

More complete definitions are given 
in the literature (11,12). 

Petrographic examination of the reac- 
tive Kingston rocks shows that they con- 
tain a high proportion of unrecrjrstallized 
fine lime mud or nlicrite (11,~). Bands 
occur of slightly disturbed calcareous 
ooze that contain a sprinkling of silt-size 
quartz. The dolomite euhedra attain a 

from Indiana, Georgia, and Virginia, is 
quite similar to that of the Kingston 
rocks, although the dolomite- euhedra 
reach a size of 0.2 nun in the Virginia B 
sample and 0.1 rnm in the Georgia rock. 
Virginia B also differs from the Kingston 
samples in that skeletal material is pres- 
ent. The slightly reactive Indiana A 
sample contains beds of different micro- 
facies. The rock prism, which expanded 
when placed in alkali (Fig. 31, is a dolo- 
mitized fossiliferous intramicrite, rather 
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similar to the Kingston rocks apart from 
the skeletal material. The remainder of 
these rocks contain more intrasparite and 
fossil fragments than the Kingston rocks. 
In addition to the biogenic material, some 
bands contain abundant oolites which are 
sometimes coi~~pacted. The conditions 
a t  the time of sedimentation of some, if 
not all, of these strata were probably dif- 
ferent from those under which the reac- 
tive Kingston beds accumulated, since 
oolites are believed to indicate deposition 
in agitated water (14). 

The rocks from Ohio and Alabama dif- 
fer from the Kingston samples in that 
they are coarser grained, and crystals of 
both calcite and dolomite reach a Sze of 
about 0.2 mm or larger. Primary struc- 
tures have been eliminated by recrystal- 
lization in places, but as this is of vari- 
able degree, intraclasts have elsewhere 
survived. These are now made up of 8 to 
10-j.~ microspar and are surrounded by 
the coarser crystals of the matrix. A sam- 
ple of Ohio rock that expanded in alkali 
(Fig. 3) shows less recrystallization than 
most of this material and retains a finely 
crystalline matrix. The unreactive Vir- 
ginia A rock is ail extensively dolomitized 
intrasparite, which is of coarser grain size 
than the Kingston material. The rock 
also has a cleaner appearance, due in part 
no doubt to the low acid-insoluble con- 
tent. 

The cell test was carried out first on a 
composite sanlple obtained from .the top 
24 ft of a quarry near Kingston and on a 
bed 6 to 7 ft from the surface. A sample 
of about 30 g of rock ground to pass a 
No. 325 sieve was wed. As shown jn Fig. 
4(4, the composite rock from the quarry 
near Kingston expanded stepwise when 
50-mi charges of 2 M alkali were supplied 
to the sample. The third addition, how- 
ever, produced only slight further ex- 
pansion, and the final addition none; the 

expansive capabilities of 30 g of rock were 
exhausted by the addition of a total of 
about 1 0  ml of 2 M alkali. h subsequent 
experiments a smooth expansion curve 
was obtained as 100 ml of 2 M alkali was 
used to replace distilled water in the cell 
reservoir as soon as equilibrium was at- 
tained. 

The density of the powdered rock was 
determined by means of a pycnometer. 
As the weight of powder in the cell was 
known, the initial solid volu~ne was ob- 
tained. The increase in volume was cal- 
culated from the experimental results 
obtained by use of the cell and hence the 
expansion as a percentage of the initial 
solid volume was calculated. 
In the experinlent in which the curve 

in Fig. 4(d) was plotted, the expansion in 
terms of the volume of solid amounted to 
about 2.8 per cent and the alkali was a 

solution of sodium, potassium and cal- 
cium hydroxide, and gypsum (4). In a 
later experiment in which pure sodiunl 
hydroxide was used, an expansion of 
nearly 8 per cent was registered. It is 
probable that this greater increase in 
volume was caused in part by the fact 
that the influence of the sodium hy- 
droxide was more aggressive than that of 
the potassiunl hydroxide (4). Pure sodium 
hydroxide was used in the other cell tests 
described in this paper. 

When distilled water was replaced by 
alkali, a sharp contraction was registered 
by the meniscus in the capillary tube, and 
expansion did not commence until two 
or three days after the alkali had been 
added to the system. The cause of this 
contraction is not definitely known, but 
further compaction of the powder may 
have resulted from the addition of alkali 
to the system, owing to a migration of 
water from between the particles of pow- 
der into the reservoir while alkali ions 
moved in the opposite direction via the 
porous plate. An alternative explanation 
is that while the sample was compacting 



~ , , , , , , . ~ ~ , , , , ~ , l ~ , , , & ~ , , , l , l , ~ , , l l ,  

O 

'\ Virginia Dolomitic Limestone 

-01079 - 4, Sample A 
4. 

- 
*-a 

' 0  

' a . .  
100 M L  

-0.157 - *.L2 - . 
- 0 . 2 3 6  - 

'* -*.... 
---.*.*a 

L*.. 
- 

-* 
- 0 . 3 1 4  - '* 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1  

- 

0 7 14 2 1 28 35 42 

Alabama Dolomitic Limesfone @ 1 

- 
0) 

m 
c 

lo''' 
Ohio Calcitic Dolomite 0 *-A. 1 --*.a: - 

D 

I 
0 -- Indiana Oolorniiic Limestone 

\ .=.. O O L  + sample A 

- 0 . 0 7 9  -*.q 0.07 % 

Time, Days 

Legend : 

't Cell reservoir charged with 2 molor Na OH 

Average of two or more readings. Approx 30  gin 

1 
of powdered rock - passes 325 mesh sieve. 73 F, 5 P S I 

T 
Expansion a s  per cent of solid volume. 

FIG. 5.-Behavior in 2 llf Alkali of Slightly Reactive and Unreactive Carbonate Rocks in Cell. 



in the presence of water in the cell 
reservoir a structure developed between 

I 

the particles of powder, which ceased to 
' be stable in the presence of alkali. This 

type of behavior is  common in clay sys- 
tems and. is exploited commercially in 

0 8 16 24 32 

Time, Mcnths, I Month 28 Doys 

Legend 

I !$ X I !$.~6 Inch rock pr ism in 2 molor 

alkal i  solution 

a Bedding plones perpendicular to length 

0 Bedding plones porollel t o  length 

Average of two 3 X 4 X 16 inch concrete beams 

,a High olkoli cement iOOO/o R.H. 73 O F  

tow olkoli cement 100% R.H. 73 O F  

FIG. 6.-Expnnsion of Rock Prisms and Con- 
crete Beams. 

ceramics .where similar effects are in- 
duced by the addition of very dilute solu- 
tions of sodium carbonate. For the cell, 
it was found that the addition of 1 ml of 
2 M sodium hydroxide to the distilled 
water in the reservoir resulted in a sharp 
contraction (registered by the meniscus 
in the capillary tube) similar to that fol- 

lowing replacement of the water by 2 M 
alkali. Experience with nonexpansive 
sa~nples showed that the rapid contrac- 
tion normally lasted about two to three 
days, after which the curve assumed a 
slope approximately parallel to that of 
the curve prior to the addition of alkali 
(Figs. 5(a) and (b)). It seems probable 
that during the two days following the 
addition of alkali to reactive samples, 
this contraction prevented the registra- 
tion of expansion by the meniscus in the 
capillary tube. If so, the delayed expnn- 
sion does not imply a period of induction 
(the elapse of a time interval significant 
to the mechanism), before the ex-pansion 
reaction conunenced. 

It was noticed also that after expansion 
had ceased the curve often bad a greater 
downward slope than during the period 
of equilibrium prior to the addition of 
alkali. This nlay have resulted from an 
osmotic flow of water through therubber 
membrane into the alkali, with a conse- 
quent contraction registered by the 
meniscus. Alkali was apparently unable 
to migrate in the opposite direction by 
this mechanism, since the water below 
the lnenlbrane remained neutral. The 
osmotic flow of water would, however, 
tend to counteract registration of ex- 
pansion, which resulted in an apparently 
smaller volume increase than ac t u d y  
occurred. The curve obtained when using 
nonexpansive samples shows that the 
effect is of minor significance. 

The profile registered during expansion 
is a fairly typical rate curve in which a 
high early expansion rate tapers off 
asjmptotically with time, toward paral- 
lelism with the portion of the graph prior 
to the addition of alkali to the system 
(Fig. 4). 

The linear expansion produced after 
two years by a reactive aggregate from 
Georgia when used in concrete beams 
made with high- and low-alkali cement 
and by rock prisms immersed in 2 M 



alkali is shown in Fig. 6. A split of 30 g 
of this rock, ground to pass a No. 325 
sieve, produced an expansion of about 1.2 
per cent in the cell test (Fig. (4(c)). A 
sample of reactive dolonlitic limestone 
from Virginia and another sample from 
Indiana each gave a somewhat similar 
curve to the Georgia sample when used 
in a cell (Figs. 4(a) and (b)). Insdicient 
material was available from Virginia and 
Indiana for the concrete bemi test, but 
the rock is known to cause expansion if 
used as aggregate3 or in the rock prism 
test.4 

Differences in response to the rock 
prism test have occurred in some cases. 
A sample from Ohio behaved in this man- 
ner: two prisms of the rock were irn- 
lnersed in alkali (Fig. 3), and while one 
produced a linear expansion of about 0.15 
per cent at 10 months, the other showed 
none. Concrete beams inade with high- 
alkali cement with this rock as aggregate 
showed only 0.02 per cent linear expan- 
sion after 2 yr exposure to high humidity 
conditions. A representative split of this 
rock, ground to pass a No. 325 sieve, 
produced only 0.26 per cent expansion in 
the cell test (Fig. 5(c)). Another exam- 
ple of this sort of behavior occurred with 
a sample from Indiana. Used as aggre- 
gate, this material caused a linear ex- 
pansion of only 0.02 per cent in concrete 
beams, but a prism of the rock expanded 
0.16 per cent in 4 months when immersed 
in alkali (Fig. 3). A representative sanlple 
of the material, when powdered, gave 
only 0.07 per cent increase of volume in 
the cell test (Fig. 5(d)). Hand specinlens 
of Indiana rocks known to show differ- 
ences of per cent linear expansion in the 
rock prim test showed fairly good agree- 
ment between the cell test and the rock 
prism test in that the rock producing the 
greatest expansion in the prism test 
showed the greatest volume increase in 
the cell test. 

8 H. Newlon, persod communication. 
4 D. W. Hadiey, personal communication. 

These and other results indicate that 
rock from ditrerent parts of the same 
quarry m y  show marked merences in 
behavior when placed in a strongly a h -  
line environment. I t  is therefore most 
important that thesample testedshould be 
representative of the rock to be used as 
aggregate. This may be readily achieved 
for the cell test by quartering powdered 
rock or passing it through a splitter. Relia- 
able sampling is much more difficult in 
any test method that relies on individual 
rock samples. 
During these investigations over 50 

carbonate rocks covering the composition 
range from limestone to dolomite were 
tested for expansivity by the concrete 
beam test and the rock prism test. Most 
samples produced no unusual expansion, 
even though some of them were similar 
in carbonate conlposition to the reactive 
rocks. A selection of unreactive samples 
was used in the cell test. None of those 
tested caused a volume increase, and 
typiqal profiles plotted during experi- 
ments with two of them are shown in 
Figs. 5(a) and (b). 

By petrogrsphic examination it is pos- 
sibIe to recognize rocks similar to those 
from Kingston and elsewhere that expand 
deleteriously in alkali. A partial chemi- 
cal analysis is also of some heIy since the 
calcite-to-dolomite ratio rnay be calcu- 
lated and the acid-insoluble content de- 
termined. Since this falls between about 
5 and 20 per cent in many of the reactive 
rocks it nlay well be significant to the 
mechanism. It is not possible, however, 
on the basis of these techniques, to pre- 
dict tlie amount or degree of expansion 
that will be caused if rocks of tbis type 
are used as aggregate. 

Alkali-carbonate rock reactivity may, 
however, be detected by the rneasure- 
ment of length change of concrete beams 
held uncler controlled conditions of 100 
per cent relative humidity and 73 F. 
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The advantages of this test method are 
that aggregate of the same size and com- 
position may be used with the cement to 
be used in practice. Interaction between 
aggregate and cement occurs under con- 
ditions commonly encountered under 
natural exposure. The main disadvantage 
is that a conditioned room is required 
and it takes considerable time before 
definite conclusions can be drawn as to 
whether or not deleterious expansion will 
be caused by a particular aggregate. 

Comparative linear dimensional 
change measurement of rock prisms 
soaked in alkali is another technique usecl 
to evaluate reactivity. By this means the 
rock may be shawn to be the causative 
agent for the expansion found in con- 
crete, but as a test method for aggregate 
it has several disadvantages. In particu- 
lar many specimens must be studied to 
evaluate properly the reactivity' of a 
representative sample of the rocks iu a 
quarry, There is also an inherent danger 
of spurious results, since expansion is 
known to cause cracking, and micro- 
cracks may go undetected and cause er- 
rors in %be evaluation of per cent linear 
expansion. In addition, the measurement 
of length change is less appropriate than 
volume change measurement to the un- 
derstanding of behavior of concrete ag- 
gregate, because interaction with cement 
paste is three dimensional. Rocks also 
have strong directional properties such 

as bedding planes, joints, and cleavages, 
and results are likely to be strongly af- 
fected (4, Fig. 10) depending on the angle 
such p l a w  structures make with the di- 
rection of linear nieasurement used to 
evaluate the dimensional change. 

The cell test appears to provide a rapid 
and reliable means of estimating tbe re- 
activity in alkali of carbonate rocks. Since 
powder is used the sample is easily made 
representative of the rock to be used as 
aggregate. The small particle size of the 
powder ensures a rapid response to aIka- 
line attack, and the increase of volume 
may be followed to completion with no 
danger of spurious results owing to crack- 
ing or anisotropy. 
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