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Numerical analysis of stability of underground openings through
loading/unloading of in-situ stress fields

ZHU Fang-cai, YU Ji-jiang, LIU Bing-xiao, LI Da-jian, WANG Qin-fu
(College of Civil Engineering, Hunan University of Technology, Zhuzhou 412007, China)

Abstract: By treating the stability of underground openings as a nonlinear system, application of loading/unloading response
ratio (LURR) theory is studied, and a new loading/unloading approach is put forward through increase/reduction of in-situ
stress fields. Based on the RFPA2D Basic software and physical model tests, a plane strain numerical model is established to
study mechanical behavior under multistage loading/unloading, and three response parameters including crown subsidence,
horizontal convergence and acoustic emission are studied. The numerical results show that LURRs of these parameters float
around 1.0 under not too large load, and the surrounding rocks are stable. With the increase of load, LURRSs of crown subsidence and
horizontal convergence increase slowly. While the surrounding rocks are close to failure, LURRs present acute fluctuation. It should
be noted that LURRs of horizontal convergence at different locations don’t present the same fluctuation amplitude. The acoustic
emission doesn’t mean that the distinct change of LURR is close to failure. However, it can indicate the damage evolution of the
surrounding rocks. The above-mentioned achievements can be utilized in prediction of progressive instability.
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Fig. 1 Mechanism of LURR
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Table 1 Mechanical parameters of model specimen
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Fig. 5 Stress-strain curves of test specimen
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Table 2 Relationship between loading step and stress

it LE%ZS 1 FAE/MPa

1 10-18-22 0.042-0.0756-0.0588
2 22-32-40 0.0588-0.1092-0.0756
3 40-52-60 0.0756-0.126-0.0924
4 60-72-80 0.0924-0.1428-0.1092
5 80-92-100 0.1092-0.1596-0.126
6 100-112-120 0.1260-0.1764-0.1596
7 120-132-140 0.1596-0.21-0.1764

8 140-152-160 0.1764-0.2268-0.1932
9 160-172-180 0.1932-0.2436-0.21

0.21-0.2604-0.2268
0.2268-0.2772-0.2436
0.2436-0.294-0.2604
0.2604-0.3108-0.2772
0.2772-0.3276-0.0.294
0.294-0.3444-0.3108
0.3108-0.3612-0.3276
0.3276-0.378-0.3444
0.3444-0.3984-0.3612
0.3612-0.4116-0.378
0.378-0.4284-0.3948
0.3948-0.4452-0.4116
0.4116-0.462-0.4284
0.4284-0.4788-0.4452
0.4452-0.4956-0.462
0.462-0.5124-0.4788
0.4788-0.5292-0.4956

10 180-192-200
11 200-212-220
12 220-232-240
13 240-252-260
14 260-272-280
15 280-292-300
16 300-312-320
17 320-332-340
18 340-352-360
19 360-372-380
20 380-392-400
21 400-412-420
22 420-432-440
23 440-452-460
24 460-472-480
25 480-492-500
26 500-512-520
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Fig. 6 Relationship among loading step, stress and vault settlement
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Fig. 7 Vault settlements during loading and unloading
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Fig. 8 LURRSs of vault subsidence
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Fig. 9 Failure of numerical model and physical model
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Fig. 11 Relationship among loading step, stress and AE event
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Fig. 12 Relationship among loading step, stress and AE energy
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Table 3 AE features of loading and unloading process of each

stage
N gk 1%,
4]

R — e e TR B
1 0.00 0 0.00
3 0 0.00 0 0.00
5 1 0.39 0 0.00
7 2 0.56 0 0.00
9 2 0.54 0 0.00
11 2 7.23 1 0.37
13 3 1.04 1 0.19
15 1 0.27 0 0.00
17 0 0.00 0 0.00
19 1 0.92 0 0.00

20 0 0.00 0 0.00
21 8 2.76 3 6.78
22 4 3.39 3 7.11
23 7 7.60 3 3.23
24 3 7.19 30 23.20
25 62 34.56 11 3.76
26 5 15.05 18 30.71
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