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Abstract

The sustainability of operating hydropower schemes is an important issue in the context of ecologic-transition. How-
ever, some concrete dams are affected by Alkali-Aggregates Reaction (AAR), which can be a major concern for their
safety. In the case of arch dams, where the overall stability is based on the transmission of stresses from the structure
to the foundation, the swelling induced by the reaction can generate additional stresses. As concrete creeps under
mechanical loading, a competition occurs between stress rising due to swelling and stress release due to creep. To
capture this competition, the creep test must be led after a significant level of swelling and not before its initiation as
often observed in lab tests. So, a new testing program has been developed to capture interactions between compressive
creep and swelling induced by ongoing AAR. It was applied on two similar concretes differing one-another only by
the reactivity of their aggregates. After one month of autogenous curing, concrete samples were immersed in sodium-
hydroxide solution to accelerate the AAR. Once a significant part of the maximal free swelling is reached, they were
sealed to keep the ongoing reaction, and a part of them were loaded uniaxially, while the others remained free of
stress. The results show that 40% of the swelling occurring before the loading was rapidly erased in the compressed
direction. Afterwards, similar creep evolutions were observed for reactive and non-reactive concretes, without any
report of the swelling in the free directions for the reactive one, despite the ongoing of AAR.
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1. INTRODUCTION

The sustainability of structures affected by the Alkali-
Aggregates Reaction (AAR) is a major concern on
many points. On the first hand, the integrity of dam
must be ensured to protect the population downstream.
On a second hand, keeping serviceability of existing
concrete dams as long as possible allows to avoid the
demolition and the reconstruction, and then limit the
C02 emission. In the case of an arch dam, the AAR
swelling can induce a change of the stress distribution
in the structure and in its foundation, which could affect
their interactions and possibly their stability.

The three main causes of this reaction development
were identified in 1975 [1]. They are: alkali-sensitive
aggregates, sufficient alkali-content and high moisture
level in the concrete. This last one must exceed above
80% according to Larive [2]. For others, the swelling
rate depends on the water saturation and starts at 30%
[3, 4].
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In 1997, Larive proposed a sigmoid (s-shaped) func-
tion to describe the free swelling induced by this reac-
tion [5]. The study also defined a temperature depen-
dence of the expansion velocity complying with an Ar-
rhenius law.

In France, based on numerous studies on the reaction,
recommendations [6] have been established to prevent
the AAR in the new concrete structures. They classify
the aggregates in three alkali-sensitive types (Reactive,
Potentially Reactive and Non-Reactive), while the total
alkali content limit is fixed at 3.5 kg/m3 of concrete.

The AAR swelling generates several effects on me-
chanical concrete behavior. A significant reduction of
the modulus of elasticity occurs, while the compres-
sive strength is less affected [5, 7, 8, 9, 10, 11, 12].
These effects on the mechanical properties have led
some researchers to investigate the long term behav-
ior of concretes subjected to sustained uniaxial com-
pression [5, 7, 13, 14, 15, 16]. Some authors observed
that, under a sufficiently high stress, swelling can stop
[17, 18], but there is no statement about the report of
swelling on the free directions. This vanishing effect
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of the compressive stress has been firstly reported in
1994 by Charlwood [19] from the observation on dams
affected by the AAR. He proposed a directional log-
arithmic law linking the swelling rate and the applied
stress where the vanishing limit was proposed at 8 MPa
(1160 Psi). However, the influence of the reaction on
the long term concrete behavior is still unknown or mis-
understood. Until 2019, most of laboratories studies in-
vestigated the creep of the concrete loaded before the
AAR starts, but none after a first stage of free swelling
as it occurs in observed structures. Nevertheless, a re-
cent research studied the creep behavior of various af-
fected concrete at different stages of swelling progress.
They concluded that the higher the reaction rate, the
higher the creep velocity [11] Saouma and Perotti mod-
eled swelling reduction in compressed direction assum-
ing constant volume swelling, dispatched on the three
main directions thanks to stress dependent factors [20].
Other authors proposed mesoscopic numerical model-
ing of concrete, where the cement matrix is a viscoelas-
tic behavior material able to absorb swelling [21]. They
assumed that the cement paste creep surrounding the
aggregates is enough to absorb a part of overpressure
caused by the reaction products. But this mesoscale
numerical model cannot allow the calculation of mas-
sive structures. To avoid this limit to structures calcu-
lation, Grimal et al have established an analytical rheo-
logical model implemented in a finite elements software
[22, 23].

In the arch dams subjected to the AAR, irreversible
displacements of their crest in the upstream and verti-
cal direction can be observed, and they are the visible
consequences of swelling of the concrete. At the re-
action initiation, the stresses are relatively low. After
significant swelling, the concrete is subjected to addi-
tional stresses induced by restrained displacements. In
this context, the loading appears while the reaction goes
on. Rheinhardt et al [11] tried to capture this interac-
tion, but in their test, the reaction stopped when the load
was applied. Furthermore, only the axial strains were
assessed, so no conclusions can be done about the re-
port of the swelling in the unloaded directions.

The aim of this present work is the quantification of
the consequence of ongoing AAR on the creep and on
the swelling in the free directions. In order to have a
comparative reference for the creep rate, the reactive
concrete behavior is compared to an unaffected concrete
designed to reach the same mechanical properties as the
reactive one before the reaction. Each one was studied
under uniaxial compressive load and in unloaded con-
ditions. The monitoring of the two mixtures allowed to
separate the influence of each phenomena, and specif-

ically the effect of the ongoing AAR on the creep be-
havior. The figure 1 schematizes the tests conditions
and the global methodology. The longitudinal and the
orthoradial strains were recorded to assess the potential
report of swelling in the unloaded direction when AAR
and creep are concomitant.

Figure 1: Global methodology of laboratory tests

The chronology of test was inspired by the on-site
life of a concrete that can be found in a dam subjected
to AAR. It can be divided in three stages:

- Stage 1: Autogenous curing to represent the con-
crete condition during the dam building;

- Stage 2: Immersion into the water to favorize the
reaction, it is also a representative condition of the
upstream of a dam during its operating phase;

- Stage 3: Uniaxial sustained loading represent-
ing the effect of the foundation reactions due to
swelling. The creep test is launched when AAR
swelling is significant. An autogenous condition
is applied to maintain a high moisture content to
allow the AAR to continue, and be representative
of concrete behavior at the heart of the structure.
In parallel, the behavior of unloaded specimens is
observed.

2. EXPERIMENTAL TESTING PROGRAM

2.1. Aggregates
The Reactive concrete (R) and the Non-Reactive con-

crete (NR) mixes have been designed to differ only by
the reactivity of their aggregates. This implies that the
origins of aggregates, and thus their mineralogy and
their mechanical properties are not similar, but they both
contain a significant part of lime and their elastic prop-
erties are close.

The Non-Reactive (NR) aggregates were extracted
from a limestone rock, and from a calcareous-siliceous
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Table 1: Mechanical properties of the aggregates

Reactivity of the rock Non-Reactive (NR) [24] Potentially Reactive (PR)
Quarry’s name Boulonnais Gaurain
Compressive strenght [MPa] 224 ± 25 178 ± 47
Young’s modulus [GPa] 80 ± 2 78.6 ± 0.2
Poisson’s ratio 0.31 ± 0.01 0.31 ± 0.02

rock for the Potentially Reactive (PR) ones. Their me-
chanical properties are given in table 1.

The mechanical properties of the non-reactive aggre-
gates have been reported by Makani et al [24] while the
potentially reactive ones were characterized during the
study, in accordance with French standards [25, 26]. It
was assessed on three cylindrical drilled rock specimens
with a diameter of 58 mm and a height of 110 mm.

Figure 2: Particle size distribution of the reactive and the non-reactive
aggregates

2.2. Concrete mixtures

The sand and the gravel used in the Non-Reactive
mixes (NR) were only Non-Reactive aggregates (NR),
while only Potentially Reactive aggregates (PR) were
used in the Reactive mixes (R).

The particle size distributions of the reactive and
non-reactive aggregates, sand and gravel, have be con-
structed to be close as possible to limit the effects of
potentially differences of intergranular porosity on con-
cretes mechanical behavior. In accordance with stan-
dards [27], the optimal grain size distribution was calcu-
lated for a maximal diameter of 12.5 mm and a minimal
diameter of 0.063 mm, with a breaking point represent-
ing a passing of 46.8% in 5.6 mm sieve.

Aggregate distribution of the mix was close to the op-
timal grain size distribution as illustrated in figure 2.
The difference in the sand-fine/gravel interval was the
consequence of different grading curves of each kind of
aggregate.

The concrete mixtures are presented in table 2. They
were similar regarding the proportion of materials, with
1713 kg/m3 of aggregates and 410 kg/m3 of Ordinary
Portland Cement (OPC) (CEM I 52.5 N CE PM-ES-CP
2 NF). An effective water/cement ratio of 0.46 was cho-
sen to maintain the workability of the concrete during
the casting, and to reach a compressive strength repre-
sentative of usual dam concretes.

The Na2O equivalent content was increased from
0.28% (cement content) to 1.25% of the cement mass to
ensure the initiation of the AAR in the reactive concrete.
It was done by adding sodium hydroxide in the mixing
water of the two mixes. As a result, the total alkali-
content of the concrete was 5.125 kg/m3 of concrete,
which exceeded the limit value fixed by the French rec-
ommendations [6].

Table 2: Concrete mixes

Mix name Non-Reactive (NR) Reactive (R)
Components

Sa
nd NR 0-2mm 680kg/m3 /

PR 0-4mm / 672kg/m3

G
ra

ve
l NR 4-12.5mm 1041kg/m3 /

PR 4-6mm / 190kg/m3

PR 6-12.5mm / 843kg/m3

Cement 410kg/m3

Eff. Water/Cement 0.46
Total alkali content 5.125kg/m3

2.3. Tests chronology

- Stage 1: curing (28 days)

After casting, all the specimens were directly stored at
95%(±5%) RH and 20◦C(±1◦C). After one day, the
samples were demolded and stored at 20◦C(±1◦C) in
autogenous conditions in hermetic plastic bags until the
date of 28 days from casting.
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- Stage 2: immersion time (111 days)

After 28 days, all the specimens were immersed in 2.5
times their volumes of 1M hydroxide solution and kept
at 38◦C(±2◦C). The heating allowed the increase of the
reaction’s velocity while the immersion prevented the
leaching of alkalis, in accordance with previous studies
[28, 29].

The specimens were stored in these conditions un-
til the free AAR swelling strain reached the value of
300 µm/m which represents 10% of the expected final
free swelling. It also corresponds to the time when the
swelling rate is maximum. This choice was done from
a preliminary experimental program, whose results are
presented in figure 3.

Once the swelling strain of 300 µm/m is reached,
all the samples were taken out of the solution and pro-
tected from desiccation by two layers of adhesive alu-
minum foils in order to be placed in creep cells room at
20◦C(±1◦C) and 50%(±5%) RH.

Figure 3: Free expansion of concrete mix with the reactive aggregates
and immersed in a 1M NaOH solution at 38◦C after 21 days of auto-
genous curing

- Stage 3: long term experimentation (861 days)

During this last stage, the sealed samples were stored
at 20◦C(±1◦C). Half of them remained free to deform
(stage 3.1) while the others were loaded with a constant
uniaxial compressive stress (stage 3.2).

To avoid mechanical damage and be representative of
stress level inducing creep on real structures, the load-
ing stress value corresponded to 30% of the lowest com-
pressive strength of the two concretes mixes assessed at

the end of the stage 2. It was applied using a jack linked
to an hydraulic system where the pressure is sustained
thanks to a nitrogen tank, in accordance with standards
[30].

2.4. Specimens and measurements

For each mix, 11 cylinders with a diameter of 113
mm and a height of 220 mm were cast. From this panel,
3 were used to assess mechanical properties of sound
concrete (Young’s modulus and uniaxial compressive
strength) at the beginning of the stage 2, and 3 others
were used at the end of this stage.

(a) Inner LVDT sensor system

(b) Sealed sample equipped with shrinkage plugs and ortho-
radial gauges installed on the indicator system

Figure 4: Pictures of the measurements systems

Before concrete casting, two samples molds were
equipped by removal elements to create a central cylin-
dric niche to host an LVDT sensor to record longitudinal
strain. This system is presented in the figure 4.a. It as-
sesses the strains measurement on an axial length of 115
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mm out of the fretting influence zone. This system al-
lowed the strain monitoring of the samples during stage
1 from one day, and for the loaded samples during stage
3.

3 other samples were used to measure the uniaxial
strain during the stage 2 and the stage 3 in the case of
unloaded condition. Since LVDT sensors are not able
to resist to the hydroxide solution immersion of stage
2, a second system of measurement had to be used. The
longitudinal strain was obtained using an indicator mea-
suring the relative variation of length of concrete sam-
ples equipped by stainless-steel plugs axially bonded on
their level surfaces to ensure the contact with the indi-
cator. This system is in accordance with standards [31]
and is presented in figure 4.b.

To record the strains using indicator and the mass
variations of the samples during the immersion stage 2,
the specimens in the hydroxide solution were stored at
20◦C(±1◦C) the day before the measurements to slowly
decrease the temperature samples, and thus avoid ther-
mal strains and thermal damage in concrete. After the
measurements, the samples in solution were re-placed
at 38◦C(±2◦C) to slowly increase the temperature.

The orthoradial strain during the stage 3 has been
measured on each sample thanks to two 12.5 mm length
strain gauges, as presented in figure 4.b. They were
placed diametrically opposed at the mid height of sam-
ples.

1000 days after the casting, the porosity and the water
content were measured in accordance with the standards
[32]. This test allowed to verify the sealing efficiency
through the water content control.

3. RESULTS

3.1. Evolution of the mechanical properties

The mechanical properties of both concretes are pre-
sented in table 3. The first mechanical tests were per-
formed after 35 days in autogenous conditions. They
were done to verify the similarity of the mechanical
properties of the two concrete mixes (NR and R) before
the swelling initiation. At this date, a relative difference
of 4.7% between the Young’s modulus was observed.
This value reached 13.9%, after the immersion. The dif-
ference at 35 days can be explained by a higher Young’s
modulus of the reactive aggregates than the non-reactive
ones, as observed in the rock characterization presented
in table 1. The increasing evolution is explained by two
phenomena: from a side, the rise of the modulus of the
non-reactive concrete due to the hydration, with a gain
of 5.9% between the two dates; from another, a decrease

of the reactive concrete modulus due to the AAR with a
loss of 4.3%. It is a consequence of micro-cracking in
the cement paste as explained in previous other labora-
tory study [33].

The compressive strength is also impacted by AAR,
but less. Indeed, the observed increase between the two
dates for the non-reactive concrete and the reactive one,
24.1% and 15.8% respectively. It represents a difference
of -8.2% between the two mixes, which is similar to the
modulus one (-10.2%).

At 136 days corresponding to the date of creep tests
launch, the compressive strength assessed on the non-
reactive sample was the lowest, with a mean value
of 56.2 MPa. In consequence, the sustained axial
stress during the phase 3.1 corresponded to 30% of this
strength, i.e. 17.1 MPa.

3.2. Water content and porosity at 1000 days

The porosities at 1000 days were 13.8% and 13.9%
for the non-reactive and reactive concretes, respectively.
The water saturation rates (volume of water / volume
of porosity) were assessed thanks to this porosity test
coupled with the mass evolution between the beginning
and the end of the stage 3. Their values were 0.93 for
the non-reactive mix and 0.92 for the reactive one.

3.3. Mass variation

The mass variation measured during the immersion
time is plotted in percentage in figure 5. The curves
correspond to the mean of three values while the color
area delimited the minimal and the maximal values for
each measure. The reactive concrete values are repre-
sented by red circles while the non-reactive ones by in
blue squares.

The mass variation evolution of the two concretes can
be separated in two steps. The first one, which occurs
just after the first immersion, corresponds to the ma-
jor part of the total mass gain and its kinetic is high.
It is due to capillary absorption of water in concrete
porosity until saturation. The second step corresponds
to a slower mass gain, which is the consequence of the
smallest porosity filling due to long time immersion.

The mass gain due to the capillary absorption is
equivalent for the two concrete mixes revealing a similar
porosity that was confirmed by the porosity test at 1000
days. A different mass variation can be observed from
the outset of the second step, with a mass gain twice
more important for the non-reactive samples than the
reactive ones. It can be explained by the time needed to
install the measurement systems the day after the cast-
ing, which was a little bit longer for the non-reactive
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Table 3: Evolution with time of compressive strength and Young’s modulus of each concrete mix and comparison with the relative difference
between the two mixtures at the same date (3 Samples per mix and date)

Mix name Non-Reactive Reactive Relative spread
Compressive Strength [MPa]
End of the cure (35 days) 45.3 ± 1.2 51.1 ± 0.6 +12.8%
End of the immersion (136 days) 56.2 ± 1.0 59.2 ± 0.9 +5.3%
Evolution between the two dates +24.1% +15.8% −8.2%
Young’s modulus [GPa]
End of the cure (35 days) 39.3 ± 0.3 37.5 ± 0.5 −4.7%
End of the immersion (136 days) 41.7 ± 0.3 35.9 ± 0.2 −13.9%
Evolution between the two dates +5.9% −4.3% −10.2%

Figure 5: Mass variation of the two mixes during the immersion time

specimens. So, the non-reactive was slightly more de-
saturated at the beginning of the immersion stage, in-
ducing in return, a higher mass gain during the follow-
ing immersion stage.

From 15 days to the end of immersion, the behav-
ior of the two concretes was similar in terms of mass
variation. This time corresponded to an increase of
0.272% for the non-reactive samples while this valued
was 0.260% for the reactive ones. After 70 days in so-
lution, as the mass variation rate decreases, the porosity
of the two concretes can be assumed to be saturated.

As a consequence, from 15 days, the difference of
strains between the reactive and non-reactive specimens
will be attributed to AAR.

3.4. Evolution of the axial strains

The evolutions of axial strains are presented in fig-
ure 7. The experimental stages captioned in figure 6 are
represented in the upper drawers. The strains evolutions

are recorded from 1 day after casting to the end of ex-
perimentation (figure 7). They are plotted in sub-figure
7.a for the specimens in free swelling conditions, and
figure 7.c for the ones loaded at 139 days. The reactive
concrete is drawn with red circles while blue squares
were used for the non-reactive one.

The lower graphs (figures 7.b and 7.d) represent the
difference between the two curves above, and these
strain evolutions can be considered as the swellings in-
duced by AAR. In agreement with the mass variation of
figure 5), they began at the end of capillary absorption
stage, i.e. 15 days after the immersion that corresponds
to 42 days after casting. The lighter curves represent the
discrepancy of values. In the following part, the differ-
ent stages of the test are commented.

Figure 6: Exposure and loading conditions representation

3.4.1. Stage 1: Autogenous shrinkage during curing
(from 1 to 28 days)

At the end of the curing period, the autogenous
shrinkage reached 178 ± 3 µm/m and 206 ± 28 µm/m
for the non-reactive concrete and reactive concrete, re-
spectively. Regarding the Water/Cement ratio, the re-
ported autogenous shrinkage at 28 days seems higher
than usual. It may be attributed to the high alkali con-
tent. According to the assumption proposed by Inam
and Skalny [34], a high content in alkali increases the
hydration rate of the cement, and as a consequence the
autogenous shrinkage.
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Figure 7: Evolutions of axial strains from 1 day after casting for free and loaded specimens

3.4.2. Stage 2: Free deformations during immersion
(from 28 to 135 days)

Just after the immersion, a swelling due to the cap-
illarity water absorption has been observed for the two
concrete mixtures. After 14 days in hydroxide solution,
these swellings reached the value of 197 µm/m for the
non-reactive mix and 171 µm/m for the reactive one.
This represents a relative difference of 13% that is sim-
ilar to that observed between the mass variations at the
same date.

Once swelling due to the capillarity water absorption
ended, a small swelling is still observed. It is the conse-
quence of porosity filling as observed on the mass vari-
ation evolution during the same period in figure 5. For
the reactive curve, a swelling due to the AAR is clearly

discernible from 42 days after casting (figures 7.a and
7.c).

From this date, the difference between the two curves
corresponds to AAR swelling as represented in figures
7.b and 7.d. The threshold of 0.03% was reached at
38◦C. At this date, the swelling strain was 314 µm/m
and the samples were taken out from the solution and
protected from drying.

During the sealing time, despite an inevitable dry-
ing due to the preparation of specimens for seal-
ing conditions, the reaction continued. Indeed, the
shrinkage measured on the non-reactive specimens was
−12 µm/m, while in a same time, the swelling of the
reactive ones was 39 µm/m.

At the end of the stage 2, the total strain reached the
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values of 107 µm/m and 416 µm/m for the non-reactive
concrete and the reactive ones, respectively, represent-
ing a AAR free swelling of 366 µm/m.

3.4.3. Stage 3: Strains evolution during the long term
experimentation in autogenous condition (from
139 to 1000 days)

- Stage 3.1: Free strains

During the first half time of the stage 3, a similar shrink-
age is observable in figure 7.a on all the unloaded spec-
imens of both concretes. From 139 to 430 days since
casting, the shrinkage strain was 123 µm/m for the re-
active mix and 116 µm/m for the non-reactive one. In
the second part of the stage, the shrinkage of the non-
reactive concrete continued but its rate decreased, while
a swelling of the reactive concrete was observed, reveal-
ing a predominance of the AAR compared to the shrink-
age. At this stage, the strong influence of water satura-
tion and temperature on the strain rates can be noted.

At the end of the test program (figure 7.a), the total
shrinkage reported for the non-reactive samples reached
a value of 173 µm/m from the beginning of the stage 3.
It was the consequence of inevitable drying through the
sealing, which was confirmed by estimated water con-
tent at 1000 days, similar the both mixtures. These final
similar values lead to assume that a same undesirable
drying shrinkage occurred in all the specimens during
the stage 3, in autogenous condition. As this drying
stays rather low, the moisture remains sufficiently high
to allow the AAR to continue. The latency of the AAR
evolution observed at the beginning of stage 3 (figure
7.b) is linked to the change of moisture condition added
to the temperature one [4, 5].

At 1000 days, the reaction was significantly slowed
down due to the concrete desaturation. The final
swelling value was 574 µm/m, that represents a fifth of
the total free swelling potential presented in figure 3.

- Stage 3.2: Time-dependent strains in autoge-
nous conditions

After 139 days unloaded, the samples equipped with an
inner sensor were loaded with a constant vertical com-
pressive stress of 17.1 MPa (figure 7.c). This value cor-
responded to 30% of the compressive strength assessed
on the non-reactive samples at the end of the immersion
(cf table 3).

The elastic strain induced by the loading was
410 µm/m for the non-reactive mix and 476 µm/m for
the reactive one. Reported on the AAR free swelling,
this difference of 66 µm/m represented 18% of the free

AAR swelling evaluated at the same date. It can be as-
sumed that this strain difference is the consequence of
a partial re-closing of the micro-cracks induced by the
AAR.

During the first 15 days after the loading (figure 7.d),
the strain difference between the two mixes decreased
from 366 µm/m at 139 days to 282 µm/m at 155 days
after the casting. A higher delayed strain under load-
ing evaluated at 81 µm/m was observed on the reactive
samples compared to the non-reactive ones (figure 7.c).
It could be due to a delayed re-closing of AAR micro-
cracks.

After 15 days under constant load, the delayed strains
evolutions of the two kinds of concrete were parallel, as
illustrated in figure 7.c. It corresponded to a same creep
kinetic for reactive and non-reactive concretes. Between
155 and 1000 days, the longitudinal delayed strain was
612 µm/m for the non-reactive mix while it reached the
value of 614 µm/m for the reactive concrete. This sim-
ilarity of creep kinetics implies that swelling in loaded
direction has been stopped due to a load higher than the
vanishing limit of 8 MPa observed by Charlwood [19],
despite of the AAR continuation proven by the swelling
of free samples and the evolution of radial strain shown
in figure 8.

These results are in accordance with the experimental
observations of Rheinhardt et al [11]. Their results also
showed vanishing of the AAR swelling in the loaded di-
rection that occurred during the two first weeks after the
loading application. After this period, the delayed be-
havior of their concretes was similar, whatever the on-
going AAR at the loading date.

3.5. Evolution of orthoradial strains

The delayed orthoradial strains are presented in figure
8 with the same axis scale, sign convention and curve
representations than the axial strains graphs in figure 7.

The Poisson’s ratios were evaluated during the load-
ing of the inner-sensor specimens. They were 0.20 and
0.24 for the non-reactive mix and the reactive one, re-
spectively, as shown in figure 8.c.

After 260 days from casting, the difference between
the radial strains of the two compositions restart, prov-
ing that AAR goes on. More, the radial swelling of reac-
tive concrete (127 µm/m) was rather the same for both
loaded and unloaded specimens, showing that uniaxial
stress does not change the radial swelling for these test
conditions.
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Figure 8: Delayed orthoradial strains for free and loaded specimens during the stage 3

4. CONCLUSION

By studying the long term behavior of two concretes
that are initially close in terms of mechanical properties
but not in terms of reactivity of aggregates, the effects of
the ongoing AAR on the creep has been assessed, and
the anisotropy of the swelling under uniaxial compres-
sion observed. The main conclusions are the following:

- For a small swelling of 0.03%, a loss of 10% of
mechanical performances is measured;

- The decreases of the temperature and of the wa-
ter saturation significantly reduce the kinetic of the
AAR;

- The AAR can continue slowly in autogenous con-
dition, provided that the initial water content in the
porosity stays high enough;

- The AAR swelling of a reactive concrete was
stopped in the loaded direction by the compres-
sive stress of 17 MPa (30% of the compressive
strength), and 40% of the initial free swelling can
be resorbed in this direction;

- After two weeks under loaded, the long term creep
rate of the reactive concrete is similar to that of the
non-reactive concrete;

- For an initial small swelling of 0.03%, the impeded
swelling in the loading direction was not reported
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in the orthogonal free to swell directions.
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