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Abstract: In this paper, two fiber reinforced polymer/plastic (FRP) encapsulated fiber Bragg grating (FBG) sensors
were installed on the two sides of the angle steel beam, which was used to measure the displacement and direction
of the diagonal steel beam, so as to realize the health inspection of the angle steel structure. The sensors were re-
spectively installed on the different positions of angle steel beam, and the relationship between displacement and
strain transmission of angle steel beam was simulated by the finite element analysis. The optimum design of sensors
installation were discussed and the experimental verification was carried out. The simulation and experimental re-
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sults show that the sensor has the capacity to discriminate the direction and measure the size of one side of the

angle steel beam displacement when installed in a reasonable position. To realize the health monitoring by using

optical fiber sensors on the structures composed by angle steel, such as bridges, electric towers and cranes, and so

on, a basic research was provided.
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Fig. 1 (a) FRP fiber grating sensor production diagram; (b) FRP fiber grating sensor
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Fig. 2 (a) Angle steel diagram; (b) Installation of various fixtures
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Fig. 3 N1, N2 strain response in different positions of the fixture installed in each side of the angle steel. (a) Surface 1;
(b) Surface 2; (c) Surface 3; (d) Surface 4
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Fig. 4 The response of the sensors on each side is related to the displacement of the angle steel. Installation on (a) surface 1,
(b) surface 2, (c) surface 3 and (d) surface 4
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Table 1 The sensor responds on all sides to the angular displacement (Me/mm)
Surface 1 Surface 2 Surface 3 Surface 4
Position
X Y X Y X Y X Y
0 -2.966 -2.865 -4.083 -3.275 11.584 18.012 24.835 3.687
1 -19.487 0.120 -3.464 -16.356 1.137 20.574 26.539 -4.704
2 -34.545 1.271 -4.239 -28.142 -11.831 25.402 30.166 -13.951
3 4 7 FRP 3
3 L
7 FRP 0 2
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Fig. 6 The L-type fixture installation diagram on the surface 3
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(a) Angle steel diagram; (b) Installation of various fixtures

Overview: In this paper, two fiber reinforced polymer/plastic (FRP) encapsulated fiber Bragg grating (FBG) sensors are
installed on the two sides of the angle steel beam, which are used to measure the displacement and direction of the di-
agonal steel beam, so as to realize the health inspection of the angle steel structure. Compared with the traditional angle
sensors, fiber Bragg grating is chosen as the sensor in this paper for its excellent characteristics of small volume, light
weight, anti-electromagnetic interference, good electrical insulation and stable performance in harsh environment. The
FBG is protected by FRP encapsulation to ensure that the sensor can work steadily in the severe working environment
of the angle steel. Besides, according to the shape of the angle steel beam, the sensor installation fixture is designed to
facilitate changing the installation position of the sensor on the angle steel beam. The influence of the installation of the
sensor and the sensor fixture on the angle steel beam is analyzed by the finite element method. It is found that the fix-
ture installation has no effect on the strain distribution on the surface of the angle steel beam, Based on these, the trans-
fer relationship between sensor strain and displacement of angle beam are carefully analyzed on the different sensor
installation positions of the angle beam. The sensitivity and errors of sensor are analyzed at each side of position 0, 1, 2
and gets the result that the sensor can achieve maximum sensitivity and minimum errors when being installed at posi-
tion 2 on any surfaces or at any installation positions on surface 3 or 4. Finally, sensor mounted on surface 3 is chosen
for experimental verification. The experimental results are in agreement with the simulation results. At the same time, it
can be seen that the displacement and direction of the diagonal steel beams can be measured by the sensor installed at
the position 2 on the surface 3. In this paper, optimization design of the installation positions of the FRP fiber Bragg
grating sensor on the different surfaces of the angle steel beam are discussed and the experimental verification is carried
out the experimental. To achieve the health monitoring by using optical fiber sensors on the structures composed by
angle steel, such as bridges, electric towers and cranes, and so on, a basic research is provided.
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