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Abstract

For assessing the applicability of a newly proposed Chinese accelerated mortar bar test (CAMBT) to overseas aggregates and deter-
mining the appropriate aggregate size fraction for the test, the influence of aggregate particle size on ASR expansion was studied at 0.15-
0.80 mm, 1.25-2.50 mm and 2.5-5.0 mm size fractions on nine aggregates from a range of sources. Correlation between expansions in the
CAMBT and in the accelerated mortar bar test (AMBT), and correlations between the two accelerated tests and the Concrete Prism Test
(CPT) were examined. The results indicate that, for most aggregates tested, 0.15-0.80 mm is not the most sensitive aggregate size to
expansion in the CAMBT, especially at early period before 10 days. The 1.25-2.50 mm size fraction of all the nine aggregates, gives
the highest early expansion (first 10 days). Correlation between expansions in the CAMBT and expansions in the AMBT is satisfactory.
However, the correlations in expansions of both AMBT and CAMBT with the CPT are very poor. A better correlation between expan-
sions in the modified CAMBT and in the CPT is obtained when 2.5-5.0 mm aggregate particles was used, but further tests are necessary

to establish the full reliability of the test.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

A tremendous amount of work has been done over the
past few decades to develop quick and reliable test proce-
dures for determining the potential alkali-reactivity of con-
crete aggregates. The accelerated mortar bar test (AMBT)
(e.g. ASTM C1260, CSA A23. 2-25A, RILEM TCI191-
ARP-02) that was originally proposed by Oberholster
and Davis in 1986 is probably the most widely used accel-
erated method for testing the potential alkali-silica reactiv-
ity of concrete aggregate [1-4]. The concrete Prism Test
(CPT) (e.g. CSA A23.2-14A, ASTM Cl1293, RILEM
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TC191-ARP-03) is recognized as the most reliable test pro-
cedure and has been used for the evaluation of both alkali-
silica and alkali-carbonate reactivity as well as the potential
for reactivity in mixtures containing SCMs [5-7]. However,
these accelerated laboratory test procedures still have their
limitations. For some aggregates, there was a relatively
poor correlation between expansions measured in the
AMBT and the CPT [8-11]. The disagreements include that
the AMBT failed to recognize the non-reactive character
(based on field performance records) of some aggregates,
while failing to identify some other aggregates that were
reactive in the CPT. The at least one-year testing period
for alkali reactivity and two years for mixtures containing
SCMs required by the CPT is too long in most cases, which
limits its use as a quality control test in engineering prac-
tices. The CPT is often used as a benchmark for assessing
accelerated tests.
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The Chinese autoclave method proposed by Tang et al.
in 1983 [12] has been used in China and has shown some
satisfactory records in identifying the potential reactivity
of aggregates outside China [13]. However, the very small
amount of aggregate sample and the small size of the test-
ing specimens used in the method make it more suitable for
use as a research tool rather than as a quality control test
for rock quarries. Some researchers also have doubts that
other causes of expansion may contribute to the expansion
in the test at 150 °C.

In order to determine the potential alkali-silica reactivity
of aggregate more quickly and accurately to comply with
the fast growing infrastructure construction in China, a
new test method (Chinese accelerated mortar bar
method—CAMBT) was developed recently in China by
combining the advantages of the Chinese autoclave method
and the AMBT method [14]. The main parameters in the
new method, the AMBT and the autoclave method are
compared in Table 1.

In the CAMBT, a single size fraction of fine aggregate
(0.15-0.80 mm) and a high-alkali system of 1.5% Na,Oeq
(obtained through the addition of KOH to a low-alkali
cement) are used, which are the same as in the Chinese
autoclave test. Three series of tests were performed with
cement-to-aggregate ratios of 10:1, 2:1 and 1:1. The
water-to-cement ratio was fixed at 0.33. The mortar bar
size was 40 x40 x 160 mm. The storage conditions and
testing procedures are similar to the AMBT method, except
that the initial length measurement (or zero reading) is
made after 4 h of immersion in 1 M NaOH at 80 °C. The
method was developed using typical Chinese aggregates
and allows determining the alkali-silica reactivity of aggre-
gates within 7 days.

The common approaches to accelerate the reaction/
expansion process in these accelerated procedures are using
large proportion of fine aggregate particles and high tem-
perature, high-alkali regime, but with significant difference
in the mix compositions, such as specimen size, aggregate
gradation etc. (Table 1). The five graded aggregate frac-
tions used in the AMBT are derived from ASTM C227,

the standard mortar bar test, while the 0.15-0.80 mm
aggregate fraction used in the CAMBT follows the Chinese
autoclave method. Previous study showed that, for
25 % 25x 285 mm mortar bars cured at 38 °C and high
humidity environment, there exists a pessimum particle size
that could induce largest mortar expansion [15]. However,
little work has been reported on the effect of particle size on
40 x 40 x 160 mm mortar bar expansion in 1 M NaOH
solution at 80 °C.

In terms of chemical reaction, reducing the particle size
can increase the specific surface area of the reactant thus
inducing a higher reaction degree. However, expansion
due to AAR is a transformation process from chemical
energy into mechanical action. The expansion does not
necessarily increase proportionally with the degree of reac-
tion or the amount of reaction products being produced.
Some aggregates (for example, some greywackes) may
effectively exhibit significant expansion without much reac-
tion product being produced. Researchers have confirmed
that the microstructural and textural characteristics of
rocks in an aggregate played an important role in the
alkali-silica reaction and expansion processes [16,17]. Also,
in the case of the alkali-carbonate reaction (ACR), only
aggregates with a specific texture (i.e. dolomitic limestones
with discrete dolomite rhombs, 10-50 um in size, dissemi-
nated in a fine-grained matrix of calcite and clay minerals)
shows large expansion, and measured expansions of labo-
ratory test specimens do not necessarily increase with
increasing dolomite crystal content in the aggregate or with
the noticeable extent of dedolomitization observed in the
laboratory test conditions.

The usefulness of these accelerated tests depends on
their reasonable correlation with the CPT result. For
assessing the applicability of the CAMBT to overseas
aggregates and determining the appropriate aggregate size
fraction for the test, the effect of aggregate particle size
on ASR expansion was studied on nine aggregates from
a range of sources. Correlations between expansion in
the new test and in the AMBT and the CPT were
examined.

Table 1

Parameters in accelerated tests for alkali-silica reactivity

Parameters AMBT Autoclave method CAMBT
Water-to-cement ratio 0.47 0.30 0.33

Cement alkalis (NaOeq.) 1.0 £0.1%* 1.5%° 1.5%°
Aggregate size (mm) 0.15-5.0° 0.15-0.80 0.15-0.80

Bar size (mm) 25 % 25x% 285 10 x 10 x 40 40 x 40 x 160
Cement-aggregate ratio 1:2.25 10:1, 5:1, 2:1 10:1, 2:1, 1:1
Curing temperature 80 °C 150 °C 80 °C

Storage solution 1.0 M NaOH 10% KOH 1.0 M NaOH
Zero length 24 h in water @ 80 °C 24 h moist @ 23 °C 4hin 1 M NaOH @ 80 °C
Criteria 0.10% @ 14 days 0.10% @ 6 h 0.10% @ 7 days

# Use high-alkali cement.
® Use low-alkali cement, add KOH to mix water.
¢ Five required size fractions.
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2. Materials and methods
2.1. Aggregates

Eleven aggregates, from Canada, USA, Norway and
Australia were used (Table 2). The aggregates represent a
variety of rock types of sedimentary, igneous and meta-
morphic origins, for which AMBT and CPT expansion
results are available.

The aggregates were crushed and sieved to the following
three size ranges: 0.18-0.80 mm, 1.25-2.50 mm and 2.50-
5.0 mm.

2.2. Cement and cement-to-aggregate ratio

In the proposed new test procedure, a low-alkali cement
was to be used, with the cement alkali content adjusted to
1.5% Na,Oeq by adding KOH to the mixing water. A low-
alkali cement (0.58% Na,Oeq) was first tried at the CAN-
MET laboratory, but the paste was very harsh at the
water-to-cement ratio of 0.33 when adding KOH. There-
fore, a CSA type 10 (ASTM Type I) high-alkali cement
with 0.91% Na,Oeq was used without the addition of
KOH in this study.

A series of preliminary tests were performed using three
cement-to-aggregate ratios (e.g. 10:1, 2:1 and 1:1) to iden-
tify the “pessimun cement-to-aggregate ratio” of some
aggregates. Most aggregates gave the highest expansion
with 1:1 ratio, as far as cement-to-aggregate ratios used
in this study were concerned.

2.3. Mixing and molding procedure

The mixing and molding procedures followed the
requirements of CSA A23.2-25A. The mixing water and
cement were placed in the bowl and mixed at slow speed
for 30 s; the entire quantity of aggregate was then added
slowly over 30 s, while mixing at slow speed. The mixture
was then mixed for 30 s at medium speed and then allowed
to stand for 90 s with the bowl covered with a wet towel to
avoid moisture loss. The mixture was then mixed again for
60 s at medium speed.

Table 2

Aggregates used in the study

Aggregate Origin

PH Phonolite, Quebec, Canada

RG River gravel, New South Wales, Australia
MQ Quartzite, Minnesota, USA

QL Greywacke, Queensland, Australia

PO Quartzitic sandstone, Montreal, Canada
NQ Quartzite, Norway

CcO Greywacke, Nova Scotia, Canada

PEN Greywacke, Pennsylvania, USA

NRS Reddish sandstone, Norway

SPH Greywacke, New Brunswick, Canada

RE Devitrified acidic tuff, Queensland, Australia

The mixture was compacted into the molds with a tam-
per. The molds, covered with plastic sheet, were stored in a
fog room at 23 °C for 24 + 2 h. The bars were then de-
molded and immersed in water in sealed plastic containers,
which were then placed in an oven at 80 °C for 24 + 2 h.
The initial length measurement is then taken, the bars
transferred in containers filled with a 1 M NaOH solution
at 80 °C and the containers returned to the oven main-
tained at 80 °C. The length changes of the bars were mon-
itored at 1, 3, 5, 7, 10, 12, 14, 21 and 28 days, respectively.
The expansion result is the average of three measurements.

The main difference between the CAMBT and the mod-
ified CAMBT in this paper is the aggregate particle size.
The preliminary curing procedure adopted in both the
CAMBT and the modified CAMBT, i.e. 24 h in water, is
the same as in the AMBT, which is also different from
the 4-h period in the 1 M NaOH solution in the original
CAMBT (Table 1).

3. Results and discussions of laboratory testing

Table 3 summarizes the expansion results for the differ-
ent sets of concrete prisms and accelerated mortar bar
tested in the study.

3.1. Expansion in CPT and AMBT

The one-year measured expansion of concrete prisms
made with the selected aggregates and their 14-day expan-
sions in the AMBT are plotted in Figs. 1 and 2,
respectively.

As shown in Fig. 1, and in accordance with the classifi-
cation proposed in CSA A23.2-27A [18], PH and RG
aggregates are considered non-reactive, MQ and QL are
moderately-reactive aggregates, and PO, NQ, PEN, CO,
NRS, SPH, and RE are highly-reactive aggregates. How-
ever, the reactivity characteristics of aggregates based on
expansion data in the AMBT are quite different from those
in the CPT, especially in the case of aggregates RG and PO,
for which the AMBT failed to correctly identify their reac-
tivity (Fig. 2). For the other aggregates, the expansion level
based on the AMBT is also very different from that in the
CPT. It can be seen from Fig. 3 that there is no satisfactory
correlation (R? = 0.44) between 14 days expansion in the
AMBT and 1 year expansion in the CPT for these aggre-
gates. The poor correlation between expansions in the
AMBT and in the CPT has also been reported by other
researchers [8-11].

3.2. Effect of particle size on expansion

The expansion of the CAMBT specimen containing
various aggregate particle fractions is shown in Fig. 4.

Fig. 4 indicates that the expansion of bars with 0.15-
0.80 mm aggregate particles basically increases linearly
with time at least up to 28 days. For specimens with
1.25-2.50 mm and 2.5-5.0 mm particles, the expansion
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Table 3
Expansion results for the concrete prisms and accelerated mortar bars
Aggregate CPT AMBT CAMBT Modified CAMBT
1 year 14 days 0.15-0.80 mm 1.25-2.50 mm 2.5-5.0 mm
10 days 14 days 28 days 7 days 10 days 14 days 28 days 10 days 14 days 28 days
PH 0.027 0.056 0.010 0.015 0.022 - - - - - - -
RG 0.035 0.310 0.112 0.197 0.473 0.072 0.125 0.200 0.423 0.078 0.124 0.324
MQ 0.094 0.265 0.106 0.179 0.422 0.109 0.179 0.268 0.512 0.125 0.181 0.316
QL 0.120 0.342 0.155 0.251 0.519 0.141 0.201 0.272 0.537 0.134 0.156 0.321
PO 0.130 0.093 0.044 0.057 0.151 0.105 0.171 0.239 0.450 0.138 0.183 0.312
NQ 0.150 0.185 0.074 0.104 0.235 0.117 0.175 0.243 0.447 0.139 0.185 0.297
PEN 0.167* 0.357 0.165 0.261 0.563 0.123 0.181 0.248 0.483 0.132 0.172 0.308
CO 0.196 0.420 0.138 0.188 0.450 0.148 0.226 0.326 0.614 0.169 0.221 0.385
NRS 0.210 0.337 0.201 0.298 0.561 0.214 0.294 0.389 0.614 0.185 0.242 0.366
SPH 0.217 0.463 0.184 0.257 0.486 0.197 0.285 0.305 0.465 0.188 0.225 0.359
RE 0.299 0.426 - - - 0.126 0.186 0.268 0.465 0.123 0.170 0.300
@ J. Ideker, University of Texas in Austin, Personal communication.
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Fig. 1. One-year expansion in the CPT.
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Fig. 2. 14 days expansion in the AMBT.

curves are generally linear, with a slow-down after about 14
days for some aggregates. The expansion behavior in
CAMBT is different from that in AMBT, in which there
usually has induction period or fast acceleration of expan-
sion as the specimens begin to crack and disintegrate.
Generally speaking, for specimens in CAMBT, the crack

CPT 1 year expansion (%)

Fig. 3. Correlation of the AMBT and the CPT.

density is higher, but crack width is narrower than that
in AMBT. This is mainly attributed to the difference in
the cross section areas of bars and different aggregate
particles sizes in AMBT and in CAMBT. After 28 days,
only a few very fine cracks were noticed on the surface of
specimen with 0.15-0.80 mm particles, without much gel
deposition on either specimen surface or in alkali solution.
Extensive visible cracks and much gel deposition on bar
surface, also in alkali solution for some aggregates, were
easily observed for specimen with 1.25-2.50 mm and 2.5—
5.0 mm particles. Actually, for some aggregates at 1.25-
2.50 mm and 2.5-5.0 mm, such as RE and SPH, gel
deposition on bar surface and while materials floating in
alkali solution even occurred after 3 days in alkali solution.

Measurements of mass change of the bars at 28 days
showed that all the investigated aggregates gained some
weight except RE (Fig. 5). Mass gain for specimens of these
aggregates varies from 0.2-1.0% of their initial weights (1
day in water at 80 °C), while specimen containing RE lost
about 0.4% of its weight. The weight loss of specimen with
RE was probably due to the quick formation and release
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Fig. 4. Expansion curves for the CAMBT with different aggregate particle
fractions: (a) 0.15-0.80 mm, (b) 1.25-2.50 mm and (c) 2.5-5.0 mm.

into storage alkali solution of large amount of low viscosity
product by the reaction of highly-reactive devitrified acidic
tuff with alkalis. A detailed discussion of mass change of
the specimen during the test will be the subject for future
publication. But it shows here that RE seems have a differ-
ent mass change pattern from other aggregates in the test
conditions.

Fig. 6 shows the effect of aggregate particle size on
expansion at different ages. Contrary to what was expected,
the bars with the finest fraction of aggregate (e.g. 0.15-
0.80 mm) did not give the largest expansion in this test con-
dition, especially at early ages. It clearly indicates that, six

1.0
RG PO

08f NRS

06T NQ

QL

04

SPH
PEN

02

Mass Change of specimens at 28 days (%)

RE

Fig. 5. Mass change of CAMBT bars with 2.5-5.0 mm aggregate particles
at 28 days in NaOH solution.

of the nine aggregates gave the largest expansion at the
1.25-2.50 mm size fraction throughout the test period.
Only three aggregates, i.e. RG, PEN and SPH, exhibited
the highest expansion at the 0.15-0.80 mm size fraction at
the later ages of 14 and 28 days. These results indicate that,
for the 40 x 40 x 160 mm specimen cured in the 1| M NaOH
solution at 80 °C, the finer aggregate particles, not neces-
sarily the larger expansion.

Results in the AMBT have confirmed that for the 1 M
NaOH solution at 80 °C storage regime, the cement alkali
content has no significant influence on mortar bar expan-
sion [19,20]. Although the cement, cement alkali content
and the preliminary curing procedure used in this study
(high-alkali cement without added alkalis, 24-h water pre-
liminary curing) were different from that in the original
proposed CAMBT (Table 1), the expansion trend of the
bars should be similar in the two conditions. Using
0.10% as a criteria for expansion, as shown in Fig. 4, the
bar with 0.15-0.80 mm particles could not identify the
reactivity of most investigated aggregates correctly at 7
days. It failed to test the reactivity of PO even by extending
the testing time to 14 days. With 2.5-5.0 mm particles,
however, the reactivity of all of the tested aggregates can
be recognized correctly at 10 days.

3.3. Discussions on the effect of aggregate particle size
in accelerated tests

Increasing the surface area of aggregate particles,
increasing temperature of testing and using high-alkali sys-
tem are common approaches that have been used to accel-
erate the reaction/expansion processes in developing
accelerated tests for evaluating the potential alkali-reactiv-
ity of concrete aggregates. The present results and results
from literatures [16,17] strongly suggest that, in the quest
for rapid and large expansion in accelerated laboratory
testing for potential alkali-aggregate reactivity by reducing
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Fig. 6. Relationship between expansion and aggregate size at 10 days (a),
14 days (b) and 28 days (c).

aggregate particle size to increase the rate and degree of the
reaction, attention should also be paid to the textural effect
of the particles. In order to reliably determine the potential
alkali-reactivity of an aggregate, and eventually to select
appropriate preventive measures using an accelerated test
procedure in the laboratory, any processing action
performed on the aggregate tested (crushing, grinding,
etc.) should, ideally, maintain its textural characteristics
and relative reactivity level compared with other less, more
or equally-reactive aggregates when tested in the CPT.
Therefore, the very fine particles used in the AMBT and
the CAMBT may not be always suitable for testing the
AAR reactivity because the aggregate may lose the critical
texture during processing. For instance, in the case of the

Potsdam sandstone (PO) and Norwegian quartzite (NQ),
the potential reactivity of the aggregate is attributed to
the siliceous material cementing well-rounded quartz grains
forming the bulk of the stone [21,22]. As illustrated in Figs.
3 and 4a, the two aggregates induce large expansion in the
CPT but fairly low expansions in the AMBT and CAMBT
compared with other aggregates with lower CPT expansion
(MQ and QL). The consequence is that the two aggregates
pass the AMBT and/or CAMBT but fail the CPT. This is
attributed to the sample preparation process for acceler-
ated tests (i.e. crushing/pulverizing, sieving and washing)
actually eliminated a fair amount of the reactive siliceous
cement of the aggregates and the characteristic texture of
the rocks was also lost in the fine aggregate fractions.
Indeed, as shown in Fig. 7, PO and NQ gave low expansion
with 0.15-0.80 mm particles, especially at early ages before
14 days, but a high and similar expansion with particles
that can maintain their original textural characteristics.
The potential alkali-reactivity of the PO and NQ is cor-
rectly recognized by using the modified CAMBT with
1.25-2.50 mm or 2.5-5.0 mm aggregate particles (expan-
sion at 10 days).

On the other hand, the RG aggregate has been used for
several decades in concrete structures without inducing any
deleterious expansion/cracking due to ASR. Testing per-
formed in this study has confirmed the non-reactive charac-
ter of the RG aggregate in the CPT, although the
expansion at one year is close to the limit (0.035%) and
expansion goes beyond the 0.04% level during the second
year of testing. However, the aggregate induces large
expansion in the AMBT (0.310% at 14 days). Crushing
the material to produce smaller particles definitely has a
strong impact on the expansion of the RG aggregate.
The marginally-reactive character of the aggregate seems
to be better identified using the modified CAMBT (i.e.

0.6

——P0 0.15-0.8
——P0 1.25-25
—&—P0 2550
—C—NQ0.15-0.8
——NQ 1.25-2.5
——NQ2.5-5.0

0.5 1

Expansion (%)

Time (days)

Fig. 7. Effect of aggregate particle size on expansion of bar with PO and
NQ.
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particle sizes of 2.5-5.0 mm), with expansions of 0.078%
and 0.124% at 10 and 14 days, respectively. As mentioned
before, the AMBT was often found to exaggerate the
potential alkali-reactivity of concrete aggregates, which is
probably due to the use of finer material and to the impact
of wusing higher temperature on some minerals in
aggregates.

3.4. Correlations of different accelerated tests
with the CPT

3.4.1. CAMBT versus AMBT

Figs. 8 and 9 show the correlation between the 14 days
expansion in the AMBT and the 10 days and 14 days
expansions in the CAMBT for the series of aggregates
investigated.

CAMBT@10d = AMBT@14d .

y = 1.96x + 0.05 *
R?=0.82

CAMBT Limit
*

AMBT 14 days expansion (%)

1
1
1
1
I= = = = AMBT Limit

0.00 0.05 0.10 0.15 0.20 0.25
CAMBT 10 days expansion (%)

Fig. 8. 10 days expansion in the CAMBT versus 14 days expansion in the
AMBT.
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Fig. 9. 14 days expansion in the CAMBT versus 14 days expansion in the
AMBT.

It shows an acceptable correlation between expansions
in these two methods. However, based on the criteria of
0.10%, the two methods produced different outcomes on
the expansivity of the aggregate NQ. Generally, the
CAMBT gave lower expansion than the AMBT and could
not identify the expansivity of NQ at 10 days. When
extending the testing time to 14 days, both the CAMBT
and the AMBT gave the same outcome on all aggregates
investigated (Fig. 9).

The relatively good correlation between the CAMBT
and the AMBT could probably be attributed to the large
amount of fine aggregate particles used in these two
methods.

3.4.2. CAMBT versus CPT

Similar to the AMBT (Fig. 3), as shown in Figs. 10 and
11, the CAMBT has a very poor correlation with the CPT
results and it cannot satisfactorily determine the expansiv-
ity of PO and NQ aggregates after the 10-day testing period
(Fig. 10). The reactive characteristic of NQ was detected
when extending test time to 14 days (Fig. 11), but same
as in the AMBT, the expansion of RG was overestimated
at 14 days.

The 1.25-2.50 mm fraction generally induces the largest
bar expansion of the three size fractions tested, especially at
early ages (Fig. 6). Fig. 12 shows that modified CAMBT
with 1.25-2.50 mm aggregate particles can identify the
reactivity of the investigated aggregates within 7 days
based on 0.1% criteria for expansion. However, the corre-
lation of the expansion between the modified CAMBT with
1.25-2.50 mm particles and the CPT is very poor
(R*> = 0.36). The correlation is greatly improved as shown
in Fig. 13, when the RE was excluded (R* = 0.74, expan-
sion limit 0.07% is calculated from the trend line equation).

As illustrated in Fig. 14, using a 0.08% expansion level
as the acceptance criteria in the modified CAMBT with
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Fig. 10. CAMBT 10 days expansion (with 0.15-0.8 mm fraction) versus
CPT 1 year expansion.
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Fig. 11. CAMBT 14 days expansion (with 0.15-0.8 mm fraction) versus
CPT 1 year expansion.
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Fig. 12. Modified CAMBT with 1.25-2.50 mm aggregate particles versus
the CPT.

2.5-5.0 mm particle size (0.08% is calculated from the trend
line equation), the reactivity of aggregates based on 10 days
expansion is in agreement with the CPT, although RE gave
a low expansion relative to the CPT. Furthermore, the
correlation coefficient of expansions between the modified
CAMBT with 2.5-5.0 mm size fraction and the CPT
(R*=0.88) for aggregates other than RE is also satisfac-
tory. It means that the bar incorporating 2.5-5.0 mm
particle size aggregate can not only identify the reactivity
of these aggregates within a shorter time than the AMBT,
but it seems to also recognize the degree of reactivity of dif-
ferent aggregates. As discussed previously, the “abnormal”
expansion behavior of RE is probably due to the formation
and release of lots of low viscosity ASR product into alkali
solution. More aggregates from different origins and with
different microstructural characteristics will be tested to
verify the criteria and the correlation with the CPT.
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Fig. 13. Modified CAMBT with 1.25-2.50 mm aggregate particles versus
the CPT (RE excluded).
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Fig. 14. Modified CAMBT with 2.5-5.0 mm aggregate particles versus
CPT.

4. Conclusions

From the expansion results of mortar bars incorporat-
ing various aggregates of different sizes, the 0.15-0.80 mm
size range is not the size fraction inducing largest expansion
in the 40 x40 x 160 mm bars immersed in a 1 M NaOH
solution at 80 °C, especially at an early period before 10
days. For the large majority of aggregates tested, the
1.25-2.50 mm size fraction gave the highest expansion
during the first 14 days.

Correlation between the CAMBT and the AMBT is
relatively good, probably because they both use a large
proportion of fine aggregate particles. However, the corre-
lations in expansions of both the AMBT and the CAMBT
with the CPT are very poor. The best correlation obtained
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was 10 days expansion of modified CAMBT containing
2.5-5.0 mm aggregate particles with the 1 year expansion
in the CPT. The use of a single 2.5-5.0 mm single size
aggregate fraction shows promise as a quick test to evalu-
ate the potential alkali-silica reactivity of aggregates, but
further tests are necessary to establish the full reliability
of the test.

5. Recommendations for future research

According to a recent publication [23], it is possible to
use a modified CAMBT with 4.75-12.5 mm aggregate par-
ticles to test both alkali-carbonate reactivity and alkali-
silica reactivity of concrete aggregate. However, it needs
30 days of testing in a 1 M NaOH solution, and the corre-
lation with the CPT was not satisfactory for another suite
of aggregates [24]. For alkali-carbonate reactive aggregates,
compared with the 5-10 mm particle size, the 2.5-5.0 mm
fraction also gave considerable expansion, especially during
the early 4-week curing period [25]. More aggregates from
different origins, including both ASR and ACR aggregates,
will be used to verify the reliability of using modified
CAMBT with 2.5-5.0 mm aggregate fraction as a universal
test for potentials of both alkali-silica and alkali-carbonate
reactivity of concrete aggregates.
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