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STUDY OF THE EFFECTS OF A CRACK IN STATICALLY LOADED STRUCTURAL
ELEMENTS WITH THE AID OF PIEZOSENSOR

Abstract: This research proposes a new technique to assess an open crack or any kind
of damage in a structural element. In this research work, a piezo sensor is used to assess
the effect of crack in a statically loaded cantilever beam with an open crack. The study
aims to lead a way through which a crack detection technique be developed to locate the
crack in a structural part before severe damage. It is clearly observed that the mechanical
properties rigorously get affected due to presence of a crack. Large cracks or severe
damage can be detected by following modal parameters but it is dif!cult for small cracks.
One more important parameter can be followed is the discontinuity in slope to detect the
crack which takes place due to the crack. This research aims to lead a way to follow the
discontinuity by using a piezo sensor. Since the output voltage of a piezo sensor depends
on the difference in slope at the two end of it can directly give a high response to the
discontinuity in slope curve. To pursue the study a !nite element integrated model is
prepared in ABAQUS platform. A solid 3D model as well as a shell model is created and
slope discontinuity is followed under static load as well as voltage output for different
crack locations are obtained.
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1. INTRODUCTION

Crack or damage severely affects the
mechanical behaviour of an element. The
detection of cracks by following modal
parameters is a very well established way but
small cracks are dif!cult to locate by this
method. Smart materials can be used to
study the changes in mechanical behaviour
of different elements. Smart sensors are
commonly made of materials such as shape
memory a l l oys , p iezoe lec t r i c , e tc .
Piezoelectric are most common and easily
available smart material. Piezoelectric
materials also can be used as actuator [1].
Few numerical and experimental studies [2]
have shown a scope to use piezoelectric

material for crack detection. The Changes
due to crack in a simply supported beam
under point load is shown by PS Sumant and
S K Maiti. Zhang et al. [3] and Yin et al. [4]
showed the scope of damage detection in
composites by coating them with PVDF !lms.
Fukunaga et al. [5] described a two stage
damage identi!cation procedure using
piezoelectric sensors. Fukunaga et al. [5]
proposed it for a cantilever beam with 10%,
30% and 50% damage. Castillo et al. [6]
studied with surface bonded piezoelectric
patch. In his study he considered a single
patch to generate as well as receive strain
waves.
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Jiang et al. introduced [7] a novel technique

to detect crack in beams by magnifying the

change in natura l f requency us ing

piezoelectric material. Yan et al. introduced a

m o d e l o f c r a c k e d b e a m f o l l o w i n g

Timoshenko beam theory where the crack is

replaced by a rotational spring. PZT sensors

are bonded on the beam to assess the crack.

A shear lag model is considered to imitate the

interaction between PZT and the beam [8]. In

this study, the difference in the conductance

resonance following EM conductance values

are measured to detect the damage at

preliminary stage [9]. This paper approaches

a method to detect any kind of damage in

beams using experimental vibration statistics

that possibly results by using sensors/

actuators made of PZT. The considered

structure is an intregrated cantilever beam

with a piezoelectric patch and accelerometer

as actuator and sensor in that order [10]. This

research work shows a way to employ

cement-based piezoelectric sensors by using

which fractures of different modes are

experimented. The experiments suggest that

a PZT sensor can be effectively used to

identify a crack before severe damage [11].

In this present research work a new way is
proposed by which the location of a crack in a
beam can be easily found. Here a rectangular
piezo electric patch (PZT 5H) is tied on the
bottom surface of a beam. For a cantilever
clamped beam the study is done. At different
Patch position output voltage (EPOT) values
are taken to fol low the changes in
characteristics due to crack.All the analysis is
done by Finite Element Analysis with the help
of ABAQUS 6.12. A Finite Element Model of
Al beam with tied PZT 5H is developed then
half depth crack is assigned at different
locations on at a time. Output Voltage data is
taken as output from the Piezo patch. A !xed

2. FORWARD PROBLEM FORMULATION

At the outset of the study a 3D model of

Aluminium beam is modelled in abacus

platform, where a deformable 3D solid part

is created to s imula te as a beam.

Simultaneously a shell model of beam is also

prepared to follow the discontinuity in slope.

In both the cases, properties are taken as

given in Table 1. Thence forth a 3D solid

model of piezoelectric material is developed

considering the properties shown in Table 1.

In consideration of that, a polarization

direction must be de!ned for piezoelectric

sensor; a local datum is created to make the Z

axis along thickness.

2.1 To Travel behind the Change in
Discontinuity of Slope

First, a shell model is of beam is developed.A

section is created to assign the properties on

the model. Encastre boundary condition is

used at one of the end of beam to make it a

cantilever beam. The beam is meshed

following the convergence of tip displace-

ment. The study is done by creating static

general step and a point load is created at the

open end. To check the slope along length

UR- rotational displacement is requested in

Fig 1: Cantilever beam with embedded
Piezo patch at the middle

position of embedded Piezo Electric material
with beam is shown in Fig. 1.
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!eld output request. Afterwards the required

results are obtained from deformed shape of

beam which comes as a result of simulation.

Next a partition is produced at the mid of shell

model and seam crack is assigned on it.

Keeping other conditions same the beam is

again analyzed and the same parameters are

followed.

2.2 To Manoeuvre the Piezo Sensor

In the beginning a 3D deformable model of

beam is prepared following the properties as

shown in Table: 1. By and by another 3D

deformable part is created to model as piezo

sensor. Both the parts are made independent

instances to make the meshing easier and

also to easily give partition on lateral face of

beam. Two different sections are created to

assign required properties to the prepared

models. As earlier stated a datum is created

to assign the polarization direction on

piezoelectric model. Piezoelectric sensor is

assembled at the mid of beam then through

the interaction option the sensor is rigidly tied

on the beam surface such that no slip can

take place. The lateral side face of beam is

partitioned at 10 locations, 30mm apart from

each other, along the length of beam.

Thenceforth the partitions are celled and

using special interaction crack is assigned on

each cell on at a time. A static step is created

considering 105 increments of point loading.

Two different boundary conditions are

imposed on one beam to make it cantilever

element and another on the mating surface

between piezoelectric patch and beam to

make the contact voltage zero. A new !eld

output request EPOT is created to collect the

voltage output from the sensor.

2.3 Characteristic Equations of
Piezoelectric Material

The properties of a Piezoelectric material are
that it can produce voltage when it is
deformed, which is called direct effect, and
the reverse property, i.e., it can change its
shape when comes under external voltage.
Piezoelectric material has dielectric property
due to which if there is a difference in voltage
between two faces, then it produces electrical
charge. In this study, the piezoelectric sensor
is obtained considering linear elasticity.

Stress produces in a piezoelectric material
due to external loading as well as an external
voltage, and it can be expressed as
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3. RESULTS AND DISCUSSION

A 3D model of deformable solid part is shown in Fig. 2 with a tied piezoelectric patch. The
model is meshed following the convergence study in Fig.3. The beam is statically loaded at the
end by a total force 10N, applied such a way that it can keep the crack open.

Fig. 2. 3D model of Al beam tied with piezoelectric patch
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Fig. 3 clearly shows that a global element
size less than 0.002 converges the tip
displacement. As a consequence, the
meshing is done considering 0.002 as the
global element size.

Fig. 4 is the slope curve of a cantilever beam
statically loaded under 10N load. In Fig. 5
which is in the same condition at what is there
in Fig. 4, but only a crack is introduced at the
middle of beam. As a result, a !rm
discontinuity in slope is seen at that crack
point.

Fig. 3. Mesh convergence study of beam

Fig. 4. Slope curve of healthy beam

Fig. 5. Slope curve of cracked beam

Fig. 6. Voltage output from piezoelectric sensor

Fig. 6 depicts the response of crack in a
cantilever beam through a piezoelectric
sensor. It can be clearly observed in the
!gure that when the location of crack is near
the sensor then the sensor gives a very high
voltage. The above results can be interpreted
in this way; since the characteristic equation
of a piezoelectric bending sensor strongly
depends on the difference of slope at its two
ends and at the same time a discontinuity in
s lope comes due to crack, so th is
discontinuity makes the output too large.
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4. CONCLUSION

A new way to analyze a cracked beam is

approached. An integrated 3D solid !nite

element model of aluminium beam with

piezoelectr ic patch is prepared and

effectively an open crack is introduced.

Subsequently a shell model is prepared to

obtain the slope curves. The study on slope

curves show that there is a !rm discontinuity

in slope at crack locat ion, but th is

discontinuity is not easy to measure in

practical cases. A voltage with crack location

plot is obtained by simulating the integrated

solid model. The graphical representation

shows that it has a similarity with the slope

curve and both are too different at the crack

location. So, it can be concluded that a

piezoelectric sensor can be used to asses

crack in structural element to check the

discontinuity in slope, which can lead a way

for crack detection.
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