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Experimental study of creep-damage coupling in concrete

by acoustic emission technique

J. Saliba * A. Loukili + F. Grondin - J.-P. Regoin

Abstract In order to design reliable concrete struc-
tures, prediction of long term behaviour of concrete is
important by considering a coupling between creep
and damage. An experimental investigation on the
fracture properties of concrete beams submitted to
creep bending tests with high levels of sustained load
is reported. The influence of creep on the residual
capacity and the fracture energy of concrete is studied.
The progression of fracture is followed by the
measurement of the crack mouth opening displace-
ment during a three-point bending test. The sustained
loading seems to increase the flexural strength of
concrete, probably because of the consolidation of the
hardened cement paste. The acoustic emission (AE)
technique is used to perform the characterization of the
influence of creep on the crack development. Results
give wealth information on the fracture process zone
(FPZ) and the propagation of the crack. A decrease in
the amplitude distribution of AE hits is observed in the
post-peak region for creep specimens. The width of the
FPZ also decreases in this later indicating that
the material has a more brittle behaviour which may
be due to the development of microcracking under
creep and the prestressing of the upper zone of the
beam.
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1 Introduction

Special constructions, such as nuclear power plants,
are subjected during their life service to constant load
or creep for long period. In these types of construc-
tions, two conditions have to be checked: the strength
and the permeability. A low permeability is expected
and is respected only if the structure is not cracked.
However while creep loading, micro-cracks can
appear and conduct by extension to the development
of macro-cracks.

The physical origins of the basic creep of concrete
are still poorly understood and several theories have
been suggested: viscous flow [1], plastic flow [2],
seepage of gel water [3], consolidation [4], micropre-
stress of creep sites in cement gel microstructure [5],
bond breakage in slip and non linear deformation, and
microcracking [6-8]. Creep has important effects on
the stresses and deflections of concrete structure. For
low load levels, it is assumed that linear viscoelasticity
takes place and the instantaneous mechanical behav-
iour of concrete remains elastic. However, for high
load levels, deviation is expected and nonlinear creep
occurs [9, 10]. In fact, microcracking may initiate at
the moment of load application and begins to grow to
form a time-dependent crack path [11, 12]. Special
tensile and flexural creep tests on partially-damaged



concrete specimens realized by Carpinteri [13] pro-
vide important information on this matter. In this later,
concrete is submitted to the interaction between two
mechanisms: creep strains and damage (microcrack-
ing) initiated by local stresses [14, 15].

Thus cracks grow and interact with the time-
dependent response of the bulk material [16] which
has an impact on the safety margin and life time of
many structures such as containment vessels, cooling
towers or dam. Many investigations were performed to
study the influence of concrete mixture and other
parameters on the cracking mechanisms and the
fracture of concrete: strength [17], bond between the
matrix and the aggregates [18-20], loading conditions
[6, 12, 21], temperature [22], aggregate size [23],
boundary conditions and other structural conditions
as the size effect. However, none of these studies
investigated the effects of creep loading history on the
failure mechanisms, including its influence on
strength, stiffness, and fracture energy.

This study is part of the project MEFISTO funded
by the French National Research Agency (ANR).
In this project, we suggest to perform numerical codes
for the design of special constructions. Constructors
calculate the structure dimensions by applying empir-
ical formulations with a high security factor. In order
to improve these calculations, special tests are realized
to characterize many parameters according to fracture
and creep of concrete. For instance, to design nuclear
containments vessels, we have to consider that con-
crete walls are submitted to creep during their service-
life and more particularly to basic creep. The relative
humidity is high in the nuclear vessel and the exterior
surface of the wall is covered by a waterproofing
agent, so no important desiccation occurs in concrete.
Complete failure was observed after few days under
high sustained loading in desiccation. In this context, it
wasn’t possible to measure the crack properties. In
order to overcome the desiccation effects, basic creep
was only considered. The experimental procedure is
based on the work of Omar et al. [24]. Concrete beams
were submitted to bending creep tests with high level
of sustained load (85% of the maximum load). The
fracture properties of concrete are then assessed by
mechanical tests according to the Rilem recommen-
dations [25].

Before the apparition of the macro-crack and during
its propagation, micro-cracks develop in the micro-
structure. Micro-cracking and damage localization in

concrete beams cannot be investigated by the classical
measurements. So, as a part of the investigation, the
acoustic emission (AE) technique was applied. Crack
growth was monitored during the fracture tests in
concrete beams before and after creep.

First of all, the materials and the experimental
methods are presented. Secondly, the creep and the
fracture bending tests are analyzed. Finally, the
characterization of crack evolution for aging and
creep specimens is suggested by using the AE method.

2 Experimental program
2.1 Material properties

Concrete specimens were mixed with Portland cement
CPA-CEMII 42.5, crushed limestone aggregate dis-
tributed in fine sand, with a maximum size of 5 mm
and a density of 2,570 kg/m’, and crushed gravel of
size 5 to 12.5 mm with a density of 2,620 kg/m’. A
superplasticizer agent (Glenium 27) has been added
for the workability. Table 1 shows the mix quantities
of constituent materials. This mixture is characterized
by a water-to-cement (W/C) ratio of 0.56 and a slump
of 70 mm. The proportioning of the cement paste,
sand and coarse aggregate were kept constant through-
out the program.

The mechanical properties of concrete were deter-
mined at 28 days on three ¢110 x 220 mm? cylinders:

—the compressive strength, f. = 42.6 MPa,

—the tensile strength assessed through splitting
tests, fy = 3.7 MPa,

—the dynamic elastic modulus determined with a non-
destructive method (Grindosonic®), Edyn = 39 GPa.

For the flexural test, concrete beams were prepared
with the same thickness (b) of 100 mm, depth (&) of
200 mm and length (L) of 800 mm with an effective

Table 1 Concrete mixture proportions

Constituents Dosage (kg/m®)
Gravel: G5/12.5 mm 936.0
Sand: 0/5 mm 780.0
Cement: CEMII 42.5 350.0
Water 219.5
Superplasticizer 1.9




span (S) equal to 600 mm. The fresh concrete was
poured into beam moulds. A plate vibrator was used to
compact the concrete in two layers. Then specimens
were covered with a thin sheet of plastic to prevent
water loss and were maintained in a climatic chamber
at a temperature of 20°C and a relative humidity (RH)
of 95%. 24 h after casting, the specimens were
stripped off from the moulds and kept for curing in
lime water for 28 days, under a temperature condition
of 20°C. After 28 days, the specimens were taken out
from the curing tanks and a central notch was formed
using a diamond saw cut, with a notch-to-depth ratio
of 0.2 (ag = h/5).

2.2 Procedure for the three-point bending test

First of all, the maximum load of concrete beams was
measured with the three-point bending test. The
fracture test employs a load-controlled universal
testing machine as per RILEM-TMC 50 recommen-
dations. Tests were conducted in a 160 kN capacity
servohydraulic machine under closed-loop crack
mouth opening displacement (CMOD) control. The
load was applied with a slow rate of 0.0003 mm/s,
such that the peak loads occurred at about 2 min.
During each test, load, crosshead displacement and
CMOD were measured and recorded up to final failure
with a data acquisition system. A general view of the
experimental setup is provided in Fig. 1.

Bending creep tests were then performed on frames
with a capacity ranging from 5 to 50 kN. The frames
were placed in a climate controlled chamber at 50%
RH and temperature of 20°C. The load is applied by

Fig. 1 General view of the experimental fracture test setup

gravity with a weight and counterweight system,
which enables a fine tuning of the load. The displace-
ment was measured at midspan (Fig. 2). Three-point
bending creep tests were realized on notched speci-
mens where the exchange of moisture was prevented
by a double layer of self-adhesive aluminium paper.
Hence basic creep displacement was considered only
and was determined by substracting the instantaneous
elastic displacement from the total displacement.

Two specimens were loaded in creep at 85% (C85)
of the maximum load (Fpn.y). In addition, two
specimens, cast at the same time, are kept under the
same conditions without loading. In the following they
will be called “aging specimens”.

After 4 months, aging and creep specimens were
submitted to rupture. The AE method was used to
follow the crack development in the microstructure
during the fracture tests. The AE system comprised of
an eight channel AE Win system, a general-purpose
interface bus (PCI-DISP4) and a PC for data storage
analysis. Four piezoelectric transducers (resonant
frequency of 150 kHz) were used. Transducers were
placed around the expected location of the Fracture
process zone (FPZ) to minimize errors in the AE event
localization program [26]. They were placed in a
rectangular position (12 x 12 cm?®) on one side of the
specimen, with silicon grease as the coupling aging
(Fig. 1). The recorded AE amplitudes range from 0O to
100 dB. The detected signals were amplified with a

W

i ’
T -
i .

Fig. 2 General view of creep frames



40 dB gain differential amplifier. In order to overcome
the background noise, the signal detection threshold
was set at a value of about 30 dB (value adjusted
before every test) slightly above the measured back-
ground noise [26]. The acquisition system was cali-
brated before each test using a pencil lead break
procedure HSU-NIELSEN (Norme NF EN 1330). The
acquisition parameters were set as follows: peak
definition time (PDT) = 100 ps, hit definition time
(HDT) = 200 ps and hit lock time (HLT) = 400 ps.
The effective velocity and the attenuation of acoustic
waves were also calculated. The effective velocity was
assumed to be 3,800 m/s. In order to eliminate
mechanical and electro-magnetic disturbances, a high
pass filter with a cut-off frequency of 20 kHz, and a
low-pass filter with a cut-off frequency of 400 kHz
were used. Signal descriptors such as rise time, counts,
energy, duration, amplitude, average frequency and
counts to peak were calculated by AEwin system.
Each waveform was digitized and stored. The descrip-
tors were further analyzed and evaluated with Noesis
software.

3 Mechanical results of the three-point bending
tests

3.1 Results on creep tests

The experimental creep tests are presented in Fig. 3.
The displacement rate is very fast in the first days of
loading (primary creep) and stabilizes after a few
weeks (secondary creep). In order to determine the
cracking behaviour of concrete beams during their
service-life, we suggest testing them at different time
steps. In this study, we have chosen to stop the creep
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Fig. 3 Basic creep displacement of notched beams

tests at 4 months. Currently, other concrete beams
creep since 1 year. Results will be presented in a
future paper.

The second step of this study is the characterization
of creep influence on fracture properties. So a standard
three-point bending test is applied.

3.2 Determination of crack properties

The purpose of this section is to investigate the effect
of creep on the residual capacity of concrete speci-
mens and the fracture energy. The beams removed
from the creep frames were immediately subjected to
three-point bending loading up to failure with a
constant loading rate. For comparison purpose, aging
specimens were tested at the same time.

Figure 4 shows the average curves of the load-
CMOD for aging and creep beams. The load-CMOD
variations are linear up to about 80% of the ultimate
load (phase 1) followed by a nonlinear variation up to
the peak load (phase 2). A stable failure was then
observed and the postpeak response seems to be very
gradual.

The fracture properties of concrete were also
calculated. The fracture energy (Gg [N m~']) is the
energy required for creating unit area of crack surface
[27]. Tt is the ratio of the work of fracture (Wg [N m])
to the area of the uncracked ligament (A);, [mz]):

WF - W() + mg50

Gp=—=-——"22
F Alig b(d — ao)

(1)

Wk is divided into the work dissipated in the area
under the load—deflection curve (W, [N m]) and the
maximum displacement (6, [m]) weighted by the mass
of the specimen between the supports (mg [N]).
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Fig. 4 Load-CMOD curves for aging and creep beams



From the load—deflection curves, the net bending
stress at maximum load, or the flexural strength (fi.c.),
was also calculated following the general guidelines of
the RILEM 50-FMC Committee:

(P + O/ 2)1 2

6
fnet =

where £ is the depth of the ligament region above the
prenotch.

Results on G, and f;,, are reported in Table 2 for
the specimens tested at 28 days, the C85 specimens
and the aging specimens. The values are the average
values of two specimens. It can be seen that when
specimens were subjected to creep, fi tends to
increase. The same observations are made for Gg. It
is generally known that the fracture energy increases
as strength increases [17, 23]. Thus the slight increase
in energy may be explained by the strengthening effect
due to basic creep [28].

Considering the measurement uncertainties, results
obtained in Fig. 4 do not show distinctly the influence
of creep on the fracture behaviour due to the small
difference between aging and creep specimens. This
small difference was also observed by Hansen [29]
who reported that the fracture energy is independent of
the time duration of the sustained load for three-
month-old concrete specimens. The Hillerborg
method seems not fine enough to assess the influence
of the creep load on the fracture of concrete. Thus, the
AE technique was applied to investigate micro-
cracking and damage localization that takes place
inside the specimens with and without creep during the
three-point bending test.

4 AE analysis
Non-destructive and instrumental investigation meth-
ods such as AE technique have been conducted widely

over the last years. This technique provided advance
information in the exploitation and the measurement

Table 2 Variation of concrete fracture characteristics

28 days C85 Aging
Gi[Nm™ 683407 85.1 £ 0.9 759 + 3.8
Foet [MPa] 245+ 005 258+0 246 + 0.02
Faax [KN] 1075 £ 2.15 1133+ 0.85 10.80 % 8.62

of the evolution of negative structural phenomena,
such as micro- and macro-cracking that appear in the
FPZ of concrete fracture [30-34]. In this work, the
correlation between AE hits and load-CMOD curves
of concrete beams was realised and the effect of creep
on AE characteristics was studied during the three-
point bending test.

4.1 Localization of AE events in concrete

During the formation of a crack, energy is emitted as
an elastic wave and propagates from the crack location
to the AE transducers at the specimen surface. The
locations of the AE sources of each event are evaluated
based on the arrival times of the first wave at each
transducer and their respective velocity in concrete
specimen. Once the arrival time is picked, the least-
square method is used to estimate the event location.
A measurable event has a minimum of three well-
defined arrival times.

The accuracy of the source locations was estimated
by applying the pencil lead fracture at a known
location on the specimens. The location resolution was
estimated to be £5 mm. This accuracy depends on
many conditions such as the transducer arrangement,
the covering of the herd sphere, the homogeneity of
concrete, the coupling of the transducers and the
variation in wave propagation velocity which may
arise based on the number of aggregate crossings over
the path of wave propagation and so on.

The locations of the AE sources are shown in the
four stages of the fracture test (elastic stage, pre-
critical crack growth, critical crack growth, cracks
bridging) [35]. The cumulated locations of acoustic
events throughout the tests are shown in Fig. 5a—d for
aging and creep specimens. Each plotted point indi-
cates a detected AE source. The damage accumulation
is observed over a window in function of the position x
and y centered at the notch, with a width of 600 mm
and covering the beam depth.

4.2 Correlation of load-CMOD curve and AE
parameters

In order to improve our understanding on the behav-
iour of aging and creep beams, several AE parameters
were used during the entire loading process. AE hits
provide an indication on the number of burst emissions
or events, and other wave characteristics, such as the
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Fig. 5 Maps of the AE sources located at four stages of the loading for aging specimen (left) and creep specimen (right): a 0-80% of
the peak load, b 80-100% of the peak load, ¢ 100-40% of the peak load, d total

amplitude and the energy. The AE technique was used
with all the presented specimens above. The occur-
rence of AE events is in a good correlation with the
load-CMOD curves. In Fig. 6, the amplitude distribu-
tion (dB) is calculated as the sum of the amplitudes in
any given division defined earlier as time and here the
evolution of CMOD. The same results were obtained
for the other two beams (Fig. 7). For clarity, the
analysis of one beam in each case will be presented
in the following paragraphs. The variation of AE
parameters was also studied during the four stages
identified earlier.

During the initial loading stage, corresponding
essentially to the linear portion of the load-CMOD
curve (prepeak), the AE activity was weak and few
events were located; the events detected at the top of
the specimen result from pressing of the rail at the
beginning of the test. Micro-cracks nucleate in a
somewhat random pattern in the zone of the maximum
tensile stress. In addition, the amplitude and the energy
of the waves released at this stage are week and thus
micro-cracks occurring early in the loading cycle
could be attributed to primarily matrix-aggregate
interface cracks.
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Fig. 7 Correlation of load-CMOD curve with AE amplitude distribution for aging (a) and creep beams (b) during the four phases

The second set of event locations corresponds to the
prepeak nonlinear region as the load reached about
80% of the maximal strength. The AE activity became
more intense indicating the formation of micro-cracks
bands. In this phase, damage starts to localize around
the notch tip forming the FPZ [36, 37]. As load
approaches the peak, a higher energy was released
indicating that there is matrix cracking around the
peak load [38].

After the peak load, the AE activity increases
rapidly in the third phase. This increase is associated to
the high surface corresponding to cracks that develop
when the external load exceeded the ultimate strength
[39]. In fact at the beginning, microcracks will begin to

develop at the surface of the concrete and at this point,
the microcracks coalesce into an area around the
location of the critical macrocracking until visible
unstable cracking appears. As can be seen in Fig. 5,
the locations of the AE sources increase with time and
the zone becomes wider and spreading away from the
notch tip. At this stage, concrete damage increases
gradually with a constant AE rate.

The distinguishing characteristic that separates the
initial post-peak and terminal post-peak region is
the slope of the cumulative event count plot. During
the terminal post-peak region, the AE activity rate
decreases. This is probably due to the existing of the
fracture surface inside the FPZ and the decrease of



stress [40]. AE events are generated as a consequence
of different toughening mechanisms through the crack
faces on micro- and meso-levels such as friction,
bridgin [41].

The AE events were evenly distributed throughout
the zone of maximum tensile stress in the specimen
and the AE sources are localized in a band describing
the way of the propagation of the crack.

4.3 Synthesis on AE results

The comparison between aging and creep specimens
shows many differences. In the first stage, the AE
activity was more important for aging specimen
indicating the initiation of crack early in the pre-peak
region (Fig. 5a). This behaviour can be also explained
by the shape of the load-CMOD curve. In fact, the
linear elastic phase of creep beams is more important
than aging beams where the non linear behaviour
begins at low loading rate. A recent study on the size
effect [42, 43] showed that crack initiates at 50% in the
pre-peak regime for small beams and then continues to
grow gradually, while crack initiates just before the
peak load for larger beams and crack length is delayed.
The same behaviour is observed here with creep
specimens, where the crack length is obviously
delayed (Fig. 5b). Thus the behaviour of creep spec-
imens approaches to specimen of larger size and
consequently a more brittle behaviour.

The amplitude distribution shows that there existed
a plateau in aging specimens and that the number of
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AE remains approximately constant during the third
phase with no obvious occurring of AE peak distribu-
tion (Fig. 7). While the amplitude distribution for
creep specimens peaked in the region of 80-90% of
the maximum load in the descending branch of load-
CMOD and then decreased brutally indicating a more
brittle behaviour for concrete beam subjected to creep
(Fig. 7). Thus, creep influences the AE characteristics
and changes the distribution of hits occurring in the
descending branch of the load-CMOD curves which
shift to the later with aging specimen.

In addition more events were recorded with creep
specimens (Fig. 5). The AE activity, proportional to
the density of micro-cracking, shows a more intense
localisation of micro-cracks and thus a clearer active
damage zone.

Energy rate jumps were observable at certain point
(Fig. 8); these discrete jumps in the energy release rate
may be explained by an aggregate acting to arrest
cracks before they propagate across the specimen
requiring a greater driving force to propagate across
the specimen [39]. The rate of the absolute AE energy
decreases in the fourth phase (Fig. 8); however some
AE hits present high amplitude and energy toward the
end indicating different toughening mechanisms.
Landis [44] suggests that the energy dissipated by
fracture is proportional to the energy measured by AE
technique, while the energy dissipated by toughening
mechanisms do not produce a proportional response.

Figure 9 shows that the proportion of the high peak
amplitude AE hits in the unstable stages is much
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Fig. 8 Correlation of load-CMOD curve with AE energy rate for aging (a) and creep beams (b) during the four phases
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and creep beams during the four phases

higher than that in the prepeak region where the
proportion of the lower peak amplitude AE hits
was generally higher [32]. Thus, good correlation
exists between the high peak amplitude AE hits
and the growth of unstable cracks in concrete
specimens.

4.4 Assessment of the FPZ width

4.4.1 Interest of the AE method to characterize
the FPZ

The FPZ surrounding the crack tip is one of the
principal mechanisms in the fracture of quasi-brittle
materials, and nowadays is considered as the hottest
topic in the field of concrete fracture mechanics. This
zone is characterized by complex microstructural
features in concrete in the vicinity of a macro-crack
front such as frictional interlock between tortuous
cracked surfaces and discontinuous fractures of
unbroken aggregate bridging and other inelastic,
irreversible material changes which dissipate energy
[45]. This energy absorption during crack growth
manifests itself in the nonlinear stress—strain behav-
iour and the strain softening post-peak behaviour. The
size of the FPZ can be significant and depend on many
parameters upon the material’s microstructure: grain
size, rate of loading, dimensions of the specimen [30]
and other parameters such as notch depths [46].

4.4.2 Analysis of the FPZ width for concrete creep

One of the aims of the AE analysis is to compare
characteristics of the FPZ for aging and creep spec-
imens and more particularly its width. The approach
used to measure the crack band width is similar to the
one used by Haidar et al. [47]. This method consists of
dividing the specimen into an array of rectangular
elements and to count the AE events located within
each element. The fineness of the grid (2 x 2 cm?)
was chosen large enough in order to give a sufficient
number of events per element and not too small
compared to the accuracy of the AE localization
method. The cumulative number of events over the
entire record during the experiment, is plotted as a
function of its horizontal position x for various vertical
positions y over the depth of the specimen at the final
load step. The average curve is then presented in a
continued line. The horizontal straight line which
intersects the vertical axis at the value of 20% of Npax
(Npax 18 the maximum number of events on the
average curve) was plotted in the same graph
(Fig. 10). The crack band width was defined arbitrarily
as the length of the segment of this horizontal straight
line which intersects the average distribution of AE
events. This line gives us the width of the FPZ at the
confidence interval by dividing the curve in two area:
the first corresponding to a zone of confidence of
events in which the number of AE events have higher
values related to the damage of the material in front of
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the macro-crack, and the second represented by a
lower percentage of AE events corresponding to lower
damage [40]. The width of damage zone was also
computed using the method proposed by Rossi [48].
The width of damage zone is determined by drawing a
line at 50% of Ny ax.

The value of the FPZ is about 95 and 78 mm and the
width of the damage zone is about 60 and 45 mm for
aging and creep specimens, respectively. This differ-
ence could be seen also in Fig. 5 where AE events are
located into a smaller region in creep specimens.
Based on these figures, the propagation of the FPZ can
be also measured forward according to the loading
stages [30]. This decrease of the FPZ is consistent with
the results obtained by Omar [24] which show the
same decrease in the size of the FPZ obtained from the
size effect law and the characteristic length fitted
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10 Evolution of cumulative events per grid: aging specimen (a) and creep specimen (b)

before and after creep and thus a more brittle
behaviour in the specimen.

There are several reasons for this discrepancy: on
one hand, the change in the microstructure of the
material under creep due to the creation of micro-
cracking and defects [6], on the other hand, the
consolidation of the cement paste on the compression
zone during creep test. The first phenomenon is more
significant in the tensile zone of the beam where tensile
creep is largely a result of time-dependent microcrack-
ing [49]. As tests have been made in autogenous
conditions, those microcracking may be due to the
adsorption of water into the tips of preexisting or load-
induced cracks, and thus more intense localization of
microcracks in concrete creep beams.

A recent study conducted by Haidar showed that the
width of the FPZ decreases with the porosity. Thus, the
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Fig. 11 Histogram of events in beam along the ligament length at the notch showing declining AE activities towards the specimen

back boundary in aging specimen (left) and creep specimen (right)
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shift towards a more brittle failure may be also caused
by the densification and the increase of strength of the
interfacial layer between the mortar matrix and the
aggregate particles in the compression zone. The
interface may maintain integrity in this case when a
crack approaches an interfacial region and the damage
process zone may be significantly reduced in size.

The same conclusion on the brittleness of creep
specimens can be shown using the local fracture
energy and boundary effect induced by free surface.
The size effect of fracture energy through the back
boundary effect is taken into account by assuming a bi-
linear variation of local fracture energy over the
ligament length [50-52]. The number of event occur-
rence, indicating the crack initiation and propagation
through the beam depth, remains almost constant for
some distance along the ligament length and reduces
as crack propagates towards the back boundary
(Fig. 11). The histogram clearly follows the energy
dissipation trend shown by the boundary effect model
[53]. The transition ligament length which is subse-
quently used to compute the real fracture energy is
calculated from the AE data as the horizontal projec-
tion of the post-peak sloping portion of the histogram.
It is seen that the ligament length is largest for aging
specimens with a = 60 mm followed by creep spec-
imens with a = 45 mm. This decrease of the transition
ligament length indicates that the boundary influence
decreases as well and thus the behaviour of creep
specimens approaches to specimens of large size [54]
and again a more fragile behaviour.

5 Conclusions

In this study, we have made a fine analysis on the
flexural behaviour of concrete subjected to basic
creep. The fracture energy and the net bending stress at
the maximum load were obtained following the
general guidelines of the RILEM 50-FMC Committee.
The creep influence on the fracture behaviour is not
significant by applying the Hillerborg method. How-
ever AE analysis yields wealth information about the
fracture process and helps in the understanding of
microcracking and its role in the mechanical behav-
iour. The results show that the AE technique could be
used to observe localization phenomena in concrete
specimens. The evolution of the FPZ was clearly
observed from the AE source location maps. The

11

characteristics of the AE waves show a good corre-
lation with the tension-softening properties. The FPZ
was created in front of the notch near the peak load and
most of the energy is released after the peak load. The
decrease of the amplitude distribution after the peak
load and the decrease of the width of the FPZ zone
indicate a more brittle behaviour for creep specimens.

Accordingly, we can conclude that when concrete
is submitted to a sustained load, two opposing effects
appear: consolidation and consequently strengthening
in the compression zone, and cracking and conse-
quently weakening in the tension zone. The relative
magnitude of these effects will depend on the load
level and its manner of application. More experiments
will be conducted using the AE technique during
flexural creep tests in order to detect any damage
occurring inside the material and will be presented in a
future paper.
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