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Fig. 1 Mechanism of Load/Unload Response
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Fig. 2 Schematic layout of stopes
Ratio (LURR) for studying nonlinear system
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Fig. 3 Dimension of model box and its photos(unit: mm)
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Tab.1 Mechanical parameters of marble and similarity material
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Fig.5 Stress-strain curves of marbles and similar materials

- e — B2 RIS b

1. UBHEERESY Tab. 2 Coordination of AE sensors

B9 2 2im Bigs. ¥ _
/}_i ) 1 fE#E X(mm) Y(mm) Z(mm)
/0N L8 . 1 11 33 0

& 38 2 42 12 0
' 3 31 60 0
X @rENE 9..| 4 0 51 11
5% QBAE A 4 5 62 15 11
N 6 11 13 22
&6 T A
Fig. 6 Position of measuring apparus 7 53 16 22
8 51 55 22

3 RIGITFE

3.1 EEFIEZ

(RSN s 5 e W s < ) | = 2 o M M o D =) | = AL B S ol A WO {1 (= {2 o ol
T o R AR 7R il fin— 2 St ) 2, O ELOR 37 280 0r AR L SR 5 TR 5 5 2 U075 T 425 I 7 00 A58 28 Ji Jon 48 £y o i —
Fl 7 AT TR PR, 45 G H 09 A5 Rk - Se m8Um JHIR 7 07 2. BORLRS i T RSP 2R,
e L) 52 A BB 1 = T 42, H G 3 2R T T A2 80N B HLES 2 45 07 U T B T2 A8 Ok 1T B 0 J2
iU 2 R RN L AR S 3 ek WA A Ty AR AR R ) A R S A O A A A A IV Sl
I A RS I AR Ak A WSRO = S . RS 2O B SN, Bl A S A W R 2908 50min, SR A TE



55 5 BLJ7 A4 - T N 7 37 0 S0 4 A4 T I 2 A ML LR B 5 649

P 2, B 2 58 M 1] 4 60min, FF 9255 & X 42
iR INEWME 7 Fis,
3.2 fnENE R

W — U A ik B N — YR ) A AR R Ry — 2 A
2, MR REN R 3 PR, BB 1.2 YO 3 (R4
K2 Smin. 55 3 YW ENZTF b, 0 %R E) 225
B B4 Smin (4 B8] DAE {0 SRR A7 55000 i 28 60 2%
00 6kN VAKN I EIT L] (8] 4357 24 1205, 80s,

TN 1) 28 E R & e B AR RIS BE B7 BT
A BH Sl 2 al ger 2k e ok — A . Fig. 7 Simulated excavation of tunnel

3 R LA A

Tab. 3 Load/unload steps and corresponding values
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3 8kN-14kN-10kN 12 26kN-32kN-28kN
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5 12kN-18kN-14kN 14 30kN-36kN-32kN
6 14kN-20kN-16kN 15 32kN-38kN-34kN
7 16kN-22kN-18kN 16 34kN-40kN-36kN
8 18kN-24kN-20kN 17 36kN-42kN-38kN
9 20kN-26kN-22kN
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Fig. 8 Crown subsidence during multi-stage incremental load/unload
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Model Experimental Study of Underground Cavern Stability
Based on Load/Unload of In-Situ Stress Field

ZHU Fang-cai', LIU Bing-xiao”, LI Da-jian'
(1. College of Civil Engineering, Hunan University of Technology, Zhuzhou 412007, China; 2. School of Business, Hunan Chemical
Vocational Technology College, Zhuzhou 412006, China)

Abstract: The load/unload response ratio (LURR) theory is one of the important methods to study
the stability of nonlinear system. In this paper, the essential meaning of the theory is analyzed, and
the problems existing in the underground cavern stability analysis are studied. Based on stress
boundary value (i. e. in-situ stresses) increase/decrease, a method to realize in-situ stress field
loading/unloading is proposed. Taking the stability study of a mine tunnel as the engineering
background., a plane strain model of similar material was established. Through step by step loading
and unloading to top boundary stress, the vertical pressure on cavern crown, the crown settlement
and the response characteristics of acoustic emission were studied. Results show that when the stress is
not too large, both LURRSs of vertical pressure on cavern crown and crown settlement are close to 1;
whereas, when surrounding rock is close to destruction, the ratio suddenly increases and is
accompanied by a larger fluctuation. Although there is no similar feature of acoustic emission energy
and event number, but generally speaking, with the increase of load, the acoustic emission increases.
Keywords: in-situ stress field; cavern stability; Load/Unload Response Ratio (LURR); Acoustic

Emission (AE); crown settlement; surrounding rock pressure



