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Monitoring method and experiment for
stratum stress based on fiber Bragg grating sensing
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Abstract: To achieve effective monitoring of underground rock formation stress and its changing rules,
a monitoring method combining rectangular strain rosette with FBG (Fiber Bragg Grating) based on
FBG sensing technology is put forward. Method: adhere fiber grating to the groove of fiber carbon
laminated composite materials to form the fiber strain sensor unit, and three fiber strain sensor units
were attached to the cylindrical structure in the form of rectangular strain rosette to form the drilling
three-component sensor for monitoring of plane stress state; deduce the relationship between the max-
imum principal strain and wavelength change based on bi-direction strain characteristic equation and
FBG strain sensing theory, and then work out the relationship between principal strain and wave-
length change in accordance with Hooke's Law and elasticity modulus of the formation where the sen-
sor is located; carry out the temperature calibration and strain calibration in the fiber strain sensor u-

nit, and then conduct a simulation experiment in the sensing devices indoors. The results indicate that
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strain monitoring range of the fiber strain sensor unit is —1500~1500p¢; the stress measuring span is

0~4 MPa; average monitoring error of the principal stress is 1. 50% ; the stress resolution is 0. 02816

MPa. Monitoring results of the sensor is consistent with changing rules of the actually-loaded stress,

which can meet the requirements for continuous monitoring of the underground vertical and plane

stress.

Key words: FBG; carbon fiber laminated composite material; rectangular strain rosette; fiber strain

sensor unit
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Tab.1 Temperature calibration results of optical fiber
strain sensor

A/ C P /nm WA /nm 4 /nm

1 553. 459 1 534.946 1 529. 880
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47.9 1 554,128 1 535,455 1 530.435
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Tab. 2 Strain calibration results of optical fiber strain
sensor
N AE / pe K /nm K /nm K /nm
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600 1 554. 151 1 542. 859 1 547.614
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