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Abstract; In order to realize the effective monitoring of the spatial stress state of the underground rock
formation and its variation. A monitoring method combining plane strain and fiber grating sensing
technology was proposed, based on the principle of fiber grating sensing and plane stress state meas-
urement. The strain sensor unit was composed of two sets of strain sensor, which were composed of
two sets of right angle strain flower and a group of equiaxed strain flower. The three sets of strain
flowers were placed in three cylindrical shapes respectively by using carbon fiber laminated composite
material. On the probe S,,S,,S;, the three probes were connected with a certain mechanical structure
to form the three-dimensional geo-stress sensor of the formation space stress monitoring. The experi-
ment of temperature and stress of the fiber strain sensor was carried out, and the stress sensing exper-
iment of the whole sensing device was carried out indoors. Experimental results showed that the stress

resolution of the fiber strain sensor was 0. 017 2 MPa; stress monitoring range of 0—60 MPa; the av-
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erage error of the maximum principal stress of the probe S; was 16. 31% , the average error of the

maximum principal stress of the probe S; is 24. 36%, and the absolute error of the S; probe was

0.006 8 MPa. The mean value of the stress space angle error measured by the actual loading stress

and the sensor was 1. 24 °. The monitoring results of the sensor are consistent with the variation of

the actual loading stress, which can meet the requirement of continuous monitoring of the spatial

stress state of the underground rock.

Key words: optical fiber sensing;Fiber Bragg Grating(FBG) ;spatial stress of subsurface rock; carbon

fiber material; strain flowers; strain sensor unit
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Fig. 1 Schematic diagram of fiber Bragg grating re-

flection
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Tab.1 Temperature calibration results of optical

fiber strain sensor unit

2 /C 3 A8 A% R LT I K /nm
24.1 1559. 301
28.0 1 559. 702
32.0 1 559. 898
36.0 1 560. 108
40. 0 1 560. 333
44.0 1 560. 563
48.0 1 560. 815
52.0 1 561.080
55. 0 1561.228
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Fig. 4

strain-sensing unit
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strain sensing unit
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Tab. 2 Test data of second loading wavelength varies

with pressure

JEJ1/MPa  NZBAZIEEAICIEAC /nm  BOE DG I /nm

0 1 559. 480 1541.926
4. 309 1559. 211 1 541. 927
9. 265 1558.909 1541.928
15. 379 1558.532 1541.928
21.924 1 558.137 1541.928
30. 828 1557.615 1541.929
38.978 1 557.150 1 541. 929
46. 276 1556.733 1541.930
54. 281 1 556. 259 1 541. 930
60. 065 1 555.910 1 541.931
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Tab. 3 Test results of probe S;

IVPARERSH ] Ny F I S EINPAY i ENTPiNIN ENVIp A
/MPa MPa HAAE/ (D {8/ (D) W2/ % w2/ (°)
0. 000 0. 000 —90. 00 —90. 00 0. 00 0. 00
0. 454 0. 345 —90. 00 —81.87 24.01 —8.13
0. 732 0. 500 —90. 00 —88. 60 31. 69 —1.40
1.010 0. 817 —90. 00 —89.15 19.11 —0.85
1. 280 1.011 —90.00 —90. 69 21.02 0. 69
1. 490 1. 281 —90.00 —90.55 14. 03 0.55
1.770 1. 451 —90. 00 —88.55 18.02 1.45
2.020 1.731 —90. 00 —90. 81 14. 31 0. 81
2. 270 2. 024 —90. 00 —91. 38 10. 84 1.38
2.500 2. 248 —90. 00 —93.73 10.08 3.73

KN/ 7 )i 22 1 V-3 {E 16. 31 1.89
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Tab. 4 Test results of probe S,
INPARREH ) N I AE N N 3 ESIV N EVSpAL]
/MPa /MPa HAAE/ (D MWAE/ () WE/Y% w2/ (°)
0. 000 0. 000 —90. 00 —90. 00 0. 00 0. 00
0.454 0. 270 —90. 00 —84. 81 40. 52 —5.19
0.732 0.418 —90. 00 —83.29 42.21 —6.71
1.010 0.732 —90. 00 —90. 00 27.52 0. 00
1. 280 0. 891 —90. 00 —92. 35 30. 39 2.35
1. 490 1.126 —90. 00 —94. 97 24.42 4. 97
1.770 1. 342 —90. 00 —90. 00 24.18 0. 00
2.020 1.610 —90. 00 —90. 87 20. 29 0. 87
2.270 1. 856 —90. 00 —91. 38 18. 23 1. 38
2.500 2.103 —90. 00 —93.73 15. 88 3.73
RN/ T3 18] 15 2 1T B4 24. 36 2.52
x5 HES MKER
Tab.5 Test results of probe S;
N 77 3 S AE 0" K221k 60° U K25 1k 120° B KA 1k 0°XF i i 77 60X i & g 120°%F i i 7
/MPa /nm /nm /nm /MPa /MPa /MPa
0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
0.454 0. 000 0. 000 0.001 0. 000 0. 000 0.017
0.732 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
1.010 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
1. 280 0.002 0. 000 0. 000 0.034 0. 000 0. 000
1. 490 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
1.770 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
2.020 0. 000 0.001 0. 000 0. 000 0.017 0. 000
2.270 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
2.500 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
WA () ) 2 e i A, = 4 Y AR Ry 3.3 KWER
I 5t 79 23 () B K = N7 7 55 g 04 23 1] AR B g 3 35 6T = A b AR IS = AR Sk B I
2K 6 PR, NN IE-4E00) ttmmaﬂf‘uzﬁe% Si+S:,S; M
B 5 I AEAAF . S . S, 33k 09I 52 1 77 °F- 34 41
#6 EEMERE Xt 22 43 B A 16, 31% .24, 36 %, J7 [ 15 22 Y 7
Tab. 6 Space angle errors P45 1. 89°, 2. 52°; S, 5 3k 11 46 % 15 2%
i A S5 B FE J1 / MPa 23 W) A B AR 22 /() 0.006 8 MPa, SZBRANER I 7 15 £ Jg A I i 64 17
0.000 0. 00 AR 22 E N 1. 247, &3 Z W)
0.454 1.83 Tz 2850 g, W 4 SR A — 3, BT = 4k
<1>~ ;jé 1 ‘;i i I3 7 4 % k7 0 ek ELAT L £
1. 280 0. 50 L o
1. 490 1.13 4 % ®
1.770 1.55
2. 020 1.45 ARICKICEF e 28— T 2 B2 Rk 4F 4 2
2.210 1.50 B MOBHBILAA PN AR O 25 B AR AR IR T, JLAS AR
e 167 o7 75 A T TE DL = 4L RS B 1 T I T = A
23 [ ff) B8 - 14158 2% 1. 24
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SIS0, SR 25 RS, S, Bk
W R 7 # R xR 22 48 Ak 16, 31X,
24.36 %0, J5 iR 22 B P BE 43 51 1.89°,2.52°;
Sy BRI 2 X% 2 K 0. 006 8 MPa, 52 BR 4% 5
755 8 IR I A 1 N ) 2 T AR R R 25T I E
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