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Analysis of acoustic emission data to estimate true fracture energy of 
plain concrete 
 
Fracture process in concrete has been the 
core subject of research in fracture  
mechanics of concrete. Several models 
have been developed to explain the frac-
ture process. Upshot of the research stu-
dies is the identification of fracture 
process zone (FPZ) that is formed ahead 
of the crack tip. Viewing the formation 
of FPZ has been made possible by new 
techniques, viz. X-ray, dye penetration 
and acoustic emission (AE). Also, the 
extent of heterogeneity of the material 
has a bearing on the fracture characteris-
tics. AE technique has been applied to 
study the fracture process in mortar, 
plain concrete and reinforced concrete to 
understand the AE characteristics of 
fracture process1. With increased sophis-
tication in capturing and analysis of AE 
waves, AE technique is becoming a po-
tential tool to comprehend the fracture 
process in concrete. The FPZ in front of 
a crack tip in concrete is the consequence 
of the formation of micro cracks, a few 
of which later link up to form a macro 
crack. The formation and growth of 
cracks are associated with the release of 
elastic strain energy in the form of AE 
waves2,3. The captured AE data depict 
the damage process in concrete. The size 
of the FPZ thus formed could be esti-
mated using the density of event loca-
tions from the AE catalogue4. The AE 
technique has also been used in the study 
of damage and diagnosis of masonry and 
concrete structures5–9. 
 The fracture energy obtained using the 
fracture method10 is size-dependent and 
thus cannot be construed as a material 
constant. Size effect model11,12, boundary 
effect model (BEM)13–15, multi-scale 
model with fractals16 and several other 
models have been developed to estimate 
the size-independent fracture energy. A 
recent addition is the fracture energy  
release rate method17. A hybrid method4 
combining BEM and the data from AE 
technique to estimate the size-indepen-
dent fracture energy in concrete is  
yet another attempt to estimate the true 
fracture energy of concrete. A recent  
improved procedure of the hybrid 
method on fracture of concrete to esti-
mate size-independent fracture energy 
using AE technique is the tri-linear 
model18. 

 In the present study the density of AE 
events across the uncracked ligament 
length is studied to estimate the length of 
FPZ. The work of fracture, calculated  
using the load–deflection curve, is assu-
med to be used up for the formation of 
FPZ, the length of which is estimated  
using the AE data. The cross-sectional 
area of the specimen at the notch with 
one of the dimensions being the FPZ 
length and the other being the width of 
the specimen is assumed as the true frac-
ture area. In this study an attempt has 
been made to estimate fracture energy 
using the fracture area from AE data and 
the work of fracture. 
 The beam tested had a width of 
95 mm, depth of 190 mm and span of 
564 mm; notch depth was 49 mm. The 
concrete used to cast the beam had a 
compressive strength of 45 MPa. The  
AE equipment used was from Physical 
Acoustic Corporation, Princeton, New 
Jersey, USA. The AE instrument was an 
eight-channel with AEwin for SAMOS 
(sensor-based acoustic multi-channel op-
erating system) E2.0 system PAC Man-
ual (2005). The AE instrument has 
sensors to receive the AE signals, pre-

amplifiers and data acquisition system to 
acquire and analyse the data. The AE 
sensor is 19 mm in diameter and 22 mm 
in height with a resonant frequency of 
60 kHz. It was used for AE acquisition 
and arranged on one face of the specimen 
as shown in Figure 1. The locations of 
events have the origin of reference at the 
bottom left corner of the specimen. The 
surface of the specimen where the posi-
tions of the sensors are marked was  
initially cleaned with acetone solution to 
remove dust and to ensure better bonding 
between sensor and specimen. The AE 
sensors were fixed to the specimen sur-
face using high vacuum silicone grease 
or gel. The threshold value was kept at 
45 dB to minimize the effect of noise. 
The sensors were initially tested for their 
sensitivity by pencil lead-breaking. Fur-
ther automatic sensor testing (AST) 
available in the AE software was emplo-
yed to check the fixity of the sensors to 
the concrete surface and to ensure that 
there is no gap between the sensor and 
the surface. 
 From the AE data obtained, the num-
ber of events recorded until failure was 
691. From each event, the maximum 

 
 

Figure 1. Profile of the beam showing the position of sensors. 
 
 

 
 

Figure 2. Load-time–cumulative absolute acoustic emission (AE) energy plot. 
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Figure 3. Process zone size corresponding to event no. 100 (a), event no. 200 (b), event no. 400 (c), event no. 521 (d) and 
(e) event locations at failure. 

 
 
absolute energy amongst the sensor read-
ings was chosen for the analysis, since 
this energy is nearest to the actual abso-
lute AE energy released during that 
event. All the AE parameters such as 
amplitude, energy, counts, duration, ab-
solute energy, event location coordinates 
and transit time corresponding to each 
sensor were separated for ease of accu-
rate analysis. 
 Figure 2 shows a combined plot of 
load-time and cumulative absolute energy-
time. It evident that the rate of increase 
of absolute energy is higher initially. 
This could be due to the formation of 
micro cracks at closer intervals of time. 
The absolute energy released from each 
micro crack formation in short intervals 
of time accrues and hence increases the 
rate or, in other words, the slope of the 

plot. There are some local steep risers in 
the plot indicating high energy release 
rate and the formation of macro cracks. 
The flatter portions of the plot corre-
spond to the macro crack propagation 
during which less AE energy is released. 
Also, as the number of events increases, 
there is corresponding increase in the 
number of micro cracks resulting in re-
duction of stiffness and load-carrying 
capacity. This is clearly seen from the 
drop in load level with an increase in 
time. This analysis strengthens the argu-
ment that the time duration from the be-
ginning to the end of the sloped portion 
of the cumulative absolute energy–time 
curve represents the time of formation of 
the FPZ. The number of events that oc-
curred during this time is found to be 521 
as against total events of 691, which is 

nearly 75% that accounts for the forma-
tion of FPZ. 
 The cumulative energy versus time 
plot has certain interesting features. It 
looks similar to elastic–perfectly plastic, 
stress–strain relationship. Although con-
crete is not plastic, it shows softening. 
The events that take place inside seem to 
reach a plateau similar to the plastic  
behaviour. The cumulative absolute en-
ergies keep increasing till the peak and 
also beyond the peak in the softening 
portion of the load–displacement–time 
plot. When sufficient micro cracks have 
formed to coalesce to form macro cracks, 
there is no further increase in the cumu-
lative absolute energy and it reaches a 
plateau. 
 The evolution of the FPZ corresponding 
to different events is shown in Figure 3. 
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Table 1. Percentage of absolute acoustic emission (AE) energy recorded along the ligament length of the beam 

Band width bounded Percentage of absolute AE energy recorded up to different y values 
between x coordinates measured along the depth (ligament length) from the bottom 
measured along the span 
of the beam (mm)  Up to 83 mm  83–118 mm  118–154 mm  154–190 mm 
 

370–380  3.3  15.7  2.5  0.5 
365–385  10.2  19.2  19.1  1 
360–390  10.4  20  21.2  7.2 
355–395  11.8  21.9  21.4  7.3 
350–400  12 23.1  21.6  7.7 
345–405  12  36  22  8 
340–410  12  36  22  8 
335–415  12.1  36  22.2  8.2 

 
 

The first event recorded corresponds to 
about 80% of the peak load of 9.5 kN 
and this occurred below the notch tip. 
The AE data acquired until the FPZ  
formation was analysed and the results 
are shown in Table 1. 
 After analysing the AE record, it has 
been possible to know the quantum of 
absolute AE energies released in narrow 
bands on either side of the notch as given 
in Table 1. A careful observation of the 
percentage of absolute AE energy recor-
ded along the uncracked ligament length 
(Table 1) indicates that near the crack tip 

(up to 83 mm) and near the back bound-
ary (between 118 and 190 mm), the AE 
energy is about 12% and 8% respec-
tively, while in the interior region it is 
about 58.2%. This implies that the den-
sity of events in the interior region is 
more than near the back boundary (Fig-
ure 4). This observation reaffirms the  
assumption made earlier8 that the process 
zone around a propagating crack is made 
of two regions, an inner softening region 
and an outer region with microcracks. 
Using the AE technique it has been pos-
sible to visualize the FPZ formation. 

 The length of uncracked ligament 
length over which the density of events 
is more could be considered as the length 
of FPZ. From Table 1, it can be seen that 
up to 154 mm of ligament length from 
the base of the beam, the density of AE 
events is significantly higher but declines 
towards back boundary, where the den-
sity is about 8%. With identification of 
length of ligament in which the density 
of AE events is higher, it is possible to 
roughly estimate the length of FPZ (Fig-
ure 5) by subtracting the notch length. 
The zones mentioned in Table 1 like up 
to 83 mm, 83–118 mm, etc. are arbitrar-
ily chosen for calculation of the number 
of events. In the present case the density 
is relatively high in the zone 118–154 mm. 
However, except for a few events beyond 
144 mm up to 154 mm most are within 
144 mm. Therefore, the limit 49–144 mm 
is considered as FPZ, which is approxi-
mately shown in Figure 5. 
 The RILEM fracture energy, based on 
work of fracture, is calculated by consid-
ering the entire uncracked ligament 
length along with the width of the beam. 
Though the entire uncracked ligament 
length does not account for FPZ size, it 
is considered in the calculation of frac-
ture area, due to which the fracture  
energy calculated is not the true fracture 
energy. In the present study, after having 
estimated the length of FPZ in the sam-
ple beam through AE technique, an  
attempt has been made to obtain the frac-
ture energy using the estimated FPZ 
length. The width of the beam is 95 mm. 
The entire width of the beam at the notch 
is assumed to be part of FPZ and the 
fracture area calculated is 9095 mm2. 
The work of fracture obtained for the 
beam from the experiment is 1971 N-
mm. The fracture energy calculated from 
the above data is 216.7 N/m. The beam 

 
 

Figure 4. Schematic diagram showing the regions with percentage of AE  
energy dissipated along the ligament. 

 
 

 
 

Figure 5. Plot showing the high density of AE events along the ligament length of the beam. 
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whose AE data are analysed and presen-
ted in the present work is a part of the set 
of beams considered in the study using 
tri-linear model18. The size-independent 
fracture energy calculated using the tri-
linear model18 was 219.6 N/m, which is 
fairly close to the value estimated in the 
present study. This confirms that the 
above method, although approximate, 
gives fairly reasonable values of size-
independent fracture energy. 
 Thus the present study reaffirms not 
only the versatility of the AE technique 
to visualize FPZ formation in real time, 
but also its usefulness in estimating the 
size of FPZ and consequently the size-
independent fracture energy. The FPZ 
estimated using the AE technique, hav-
ing higher density of events in the inte-
rior and lesser density surrounding it, 
substantiates the assumption made in the 
BEM regarding FPZ. The FPZ length  
estimated using AE technique is useful in 
calculating the true fracture energy. The 
true fracture energy calculated from the 
present method, which could be viewed 
as an approximate method, is 216.7 N/m. 
This is in good agreement with the size-
independent fracture energy of 219.6 N/m 
estimated using the tri-linear model18. 
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Colonization and antagonistic activity of entomopathogenic Aspergillus 
sp. against tea termite (Microcerotermes beesoni Snyder) 
 
Tea (Camellia sinensis L.) is widely 
planted in the tropical and subtropical 
zones, including India, China, Vietnam, 
Japan and Sri Lanka. India produces 35% 
of the world’s tea, and its 400,000 ha 
land in the northeast region is under tea 
cultivation1. However, despite the avail-
ability of improved technology, nutrition 
and fertility management2, biotic stresses 
like insect pests and diseases limit the 
productivity of tea3,4, resulting in 11–55% 
annual loss in yield5. Termites include 
more than 2600 species around the 
world6, but only few (70–80 species) are 
considered of economic importance. In 
India, there are eight species of termites 
that cause damage to tea plants, out of 
which Microcerotermes beesoni Snyder, 
M. obesi Holmgern and Odontotermes 

feae have been identified and confirmed 
by the Zoological Survey of India, Kol-
kata7 from the Barak valley, Assam. 
There has been heavy usage of organo-
synthetic pesticides since 1950s against 
termites, leading to rapid conversion of 
innocuous species into pests, develop-
ment of resistance, and undesirable pesti-
cide residues in tea. As a result, pesticide 
residues have become a major problem 
for the tea industry5. This raises an  
urgent need for the use of biocontrol 
measures for termite control. In the  
Barak valley, infestation of termite is the 
predominant cause that limits tea produc-
tion. Therefore, the present work was 
undertaken with an objective to isolate 
the entomopathogenic microorganisms 
and study their biocontrol/colonization 

ability against tea termites infesting live 
wood tea plants of the tea gardens in  
Barak valley.  
 A dark chamber was designed to pro-
vide a suitable environment for the  
termites in laboratory condition. It was 
prepared by wrapping black paper inside 
a box on all sides. Normal or tap water of 
about 50–100 ml was sprayed over the 
nest. The colonies were maintained at 
27 ± 2°C and 70–80% relative humidity 
by keeping in a cool, dark area. A piece 
of nest collected from the tea garden was 
gently crushed and termites were trans-
ferred and trapped with the help of smooth 
fibre brush. The tea termites were identi-
fied as M. beesoni Snyder on the basis  
of morphological characteristics, mainly 
mandibular region and antennal part.  


