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Strain Measurement of Steel Roof Truss Using FBG Sensor during
Construction of Reverse Shell Shaped Reinforced Concrete Structure
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Abstract Application of FBG (Fiber Bragg Grating) sensors to measure strain of steel roof trusses has been
performed. This is to check and confirm the structural integrity of an unusually shaped, reverse shell structure
made of reinforced concrete. The issue was to place sensors at proper location and compare the measured values
to the results from structural analysis. It has been learned that a deliberate measurement scheme is needed in
order to monitor a complex structure during construction. In this study, the measured values were within
allowable range of strain, thus confirming the safety of the structure during measurement and construction.
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Fig. 1 External view of structure
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Fig. 3 Floor plan and detail of roof truss
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(a) Stress

(b) Deformation
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Fig. 9 Principle of FBG sensor

{a) FBG sensor

(b} Temperature sensor

(c) Data logger

Fig. 10 Sensors and data logger used

Table 2 Specification

of FBG sensor

Measurement Range

-2000 ~ 4000 uc
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FBG Reflectivity >80 %

Grating Wavelength 1511 ~ 1584 nm

Operating Temperature -4 °C ~ 80 °C

Bandwidth <01 nm @ 1A A3, 11 B sammol #7 | 18 Becior
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Table 3 Specification of temperature sensor

Measurement Range -40 °C ~ 80 °C
Resolution 0.1 °C
FBG Reflectivity >80%

Dimension

66 x 32 X 5 mm

Grating Wavelength

1511 ~ 1584 nm

Bandwidth

< 0.1 nm

Weight

30g

Fig. 11 Location of FBG sensors

(a) FBG sensor setting
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(b} FBG sensor monitoring

Fig. 12 FBG sensor setting and measurement

Table 4 Sensor setting location

Member Setting Remarks
(Length) Location
Al Upper Area A
(3.6 m) Lower Center
A2 Upper Area A
(3.6 m) Lower Middle
A3 Upper Area A
(3.6 m) Lower Corner
M1 Upper
.1 m) Lower Max. Stress
B1 Upper Area B
(3.6 m) Lower Cormmer
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Table 6 Displacement of truss member

Member Setti‘ng L Measuring Date (unit: mm)
location | 6/29 [ 7/6 | 7/16 | 7/24 | 8/10
Al Upper 0 022610168 0.0590.227
(3.6 m) | Lower 6 10.219 026102990427
A2 Upper 0 - 0.201 | 0.024 | 0.238
(3.6 m) | Lower 0 - 10.26910.180 | 0.315
Ml Upper 0 ]0.584 | 1.064 | 0.500 | 1.293
(5.1 m} | Lower 0 ]0.578 | 1.040|0.724 | 1.384
Bl Upper 0 ]0.16210.190|0.101 | 0.312
(3.6 m} | Lower 0 01390122 - -
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Fig. 13 Change of displacement of truss
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Table 7 Displacement of steel truss

Member Setti{]g Analysis | Measurement Difﬂ
Location {mm) {mm) (mm)

Al Upper 0.18 0.23 0.05
(3.6 m) | Lower 0.53 043 0.10
A2 Upper 0.16 0.24 .08
(3.6 m) | Lower 0.45 0.32 0.13
M1 Upper 1.54 1.30 0.24
(5.1m) | Lower 1.88 1.38 0.50
Bi Upper 0.13 0.31 0.18
(36m) | Lower 0.05 0.14 .09
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