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Tongji University Master of Engineering Abstract

ABSTRACT

In structure health monitoring, sensors are extensively used to gather the
information of buildings’ deformation, such as strain, crack width, displacement and
so on, which are used to assess the structural safety. The widely-used sensors need
power supply lines and cables for data transmission, which makes the sensor
installation costly and labor-consuming. Furthermore, wired crack sensors cannot
acquire data because of power failure or cable malfunction during extreme disasters
when they are most needed. In order to get rid of cables entirely in sensing system,
this paper proposed a passive and wireless chipped strain sensor to monitor the strain
of structure members, and developed a novel crack sensor based on patch antenna fed
by a pair of capacitive microstrip lines to detect the crack width, circumventing the
issues of the strain transfer ratio which should be taken into account for monolithic
patch antenna. The main contents of this paper are as followings:

(1) The equivalent circuit of patch antenna is given based on the theory of
transmission lines. Then the design equation of patch antenna is derived, which shows
that the resonant frequency of patch antenna has good linear relationship with its
strain. Connecting with this analysis, the passive and wireless chipped strain sensor
based on patch antenna is proposed, and the wireless measurement principle is
introduced.

(2) Because the thickness of patch antenna can not be neglected, so the strain
transfer efficiency caused by shear lag effect should be taken into account. The strain
transfer efficiency coefficients of chipped strain sensor are obtained by numerical
simulation and tension experiments, respectively. And the two results are consistent.
Based on transfer efficiency coefficient, the sensitivity coefficient of chipped strain
sensors can be calculated in different direction of structural strain.

(3) When the chipped strain sensors are attached onto specimens, the numerical
simulation and tension experiments are carried out under the two conditions that the
strain sensing direction of chipped strain sensor is parallel to the tension direction and
perpendicular to the tension direction, respectively. The results indicate that the
resonant frequency of chipped strain sensor has good linearity with strain, and the
measured sensitivity coefficient obtained by experiment is consistent with the
calculated sensitivity coefficient obtained by equation. So the chipped strain sensor
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can wirelessly detect the structural strain in different direction with great accuracy.

(4) The crack sensor based on patch antenna fed by a pair of capacitive
microstrip lines is simplified by the theory of transmission lines, and the relationship
between resonant frequency of crack sensor and relative displacement of its two parts
is established according to the equivalent circuit of crack sensor. The result shows that
the change of overlapped length between bottom and upper microstip lines resulting
from relative displacement of crack sensor’s two parts can lead to the shift of resonant
frequency of crack sensor when crack propagates.

(5) The initial states of crack sensor with dielectric slab and L-shaped upper
microstip line are determined by numerical simulation. The crack simulation
experiments are conducted to validate the performance of crack sensor. The results
indicate that the two kinds of crack sensors have good linear relationship between
resonant frequency and crack width in their effective measuring range, and the later
has the capable of detecting crack width as small as one-hundredth of a millimeter in
an object, which means that the crack sensors can detect the tiny propagation of crack

with great accuracy.

Key Word: patch antenna, chipped strain sensor, crack sensor, rensonant frequency
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