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Table 1 Main mechanical parameters of rock

S Elastic Poisson’s Bulk density/ Cohesion/ Friction Tensile
trata
modulus/MPa ratio (kKN'm ) MPa angle/(°) strength/MPa
Ground earth 50 0.30 18 0.08 20 0.05
Quaternary sedimentary rock 800 0.23 21 0.32 21.5 0.26
Limestone 50000 0.25 24 8.40 40 4.70
Gypsum 7000 0.30 23.6 5.40 38.6 2.80
R2 WA KA
Table 2 Calculation of pillar-roof rheological collapse
Bending Upper Failure limit/mm
Subsiding . o . Failure
strength/  loading/ Long Short b, b, Subsiding expression .
stage 3 ) . Internal time/a
(MPa-m”) MPa side  side
Ist 5 3.52X10° 1.21X10° w =3455-33.59¢ 221 'mm  4.22
2nd  228.63X10°  3.957 12.1 1.93X10°° 2.08X107 w, =107.87-102.87¢ > mm  4.23
3rd 245 8.07X107 1.65X10° 1y, =204-191.9¢ 870 mm 748
60 BE S, (LRI R 4 TR 1, —
+—11009¢ 4—10308¢ v—10014 . e e A _ "
sol TT1I014 «—10006  e—812217 FLTGUAR BE N PSRN BE, R GE2 IHLEAS I 5
| *—8001

2 DOKE T RE LR AR SE R .

[, BT OO S 4 A1 IR AR AR I SR I 56 B8
MM — R RS, 5 I iR E A IEA R
T oA R SR M, T R T Burgers (IR

~
S
T

Deformation/mm
W
S

207 “FeoriR AR, WE 8 R
10
4444444444 60
' ! y 4+—10005
0 5 10 . 15 20 25 30 5ol +—19918
Time/month =»—Slope

*—9305
*—9323

7 O I AR A B

Fig. 7 Deformation developing of some points

Deformation/mm
(U8] =
S S
T T

N
(=]
T

WAL 7 A OESE T R R, X EE
AR A U SCE LA IR SR e s E R
KA, FEMMBII0~5 ), VIEATEHEAAN, & I

(=)
T

SR A REF R RIS 5~10 J1I0Ii, T
F AL B B L T AR R K, Time/month

10308¢ Ml 3 7E 1 AN HWARTEREBIAL S0mm. Jo#& B8 ABfe R

HBHE T RE 25 26 B, WA RERTRE . Fig. 8 Deformation developing steadily points

BT B W EE At B, T A e

1) 485~335 m B LA HFARsetae, s
[P GEAR R 1 e WA TOURR i 30 R A S A, 38 43 X 3aadE N
BB RIK IR B

2) BLHAENNS, XA BT, JoRH 1) &% R 2% X AR R AR I v S 1 e 4k

6 it



26 455 3

Ok, A R TR A M AR e AR I (] 671

FRARENESEX, BAEKEREAELIE RIS
TR T RE DN 22 AU I A AR I B2 S5 K 550 P i 22
AELX 245 X S AR 52 N T (19 T 5 45 SR 45 S B

2) Fl DN AR N D) SR AR T B S A,
— DX 3 5 AR T A R I ) P K 1S K n] R B 11X
A AR e A L T IR 5 AR, RO,
ST HEE . VR

3) J7 X Kelvin A7 XBER P THH I AR G T
K TEEL RAGAE ARSI Z (g, iR bR
DRI 255 0 THUBR R RS ML ER (ORI, IS AR S B AT 4T
o

REFERENCES

[1] MA Hai-tao, WANG Jin-an, WANG Yun-hai. Study on

mechanics and domino effect of large-scale goaf cave-in[J].
Safety Science, 2012, (S50): 689—694.

2] SJvE, MEEE, TEE, SR SRR TR BEA

BRI L X RHEN]. P EAOERE%M, 2001, 11(1):
157-161.
XI Xin-hong, FENG Xia-ting, YU Pei-yan, CAI Hong-qi. Expert
system in identifying failure mode of hanging wall of
room-and-pillar mining[J]. The Chinese Journal of Nonferrous
Metals, 2001, 11(1): 157-161.

[3] 4L, FAD. Kby b7 R B WA o T AR () g 2 43

MT[J]. A0 )25 T REAAH], 2004, 23(18): 3066-3069.
SHI Hong, JIANG Fu-xing. Mechanical analysis of rupture
regularity of hard and massive overlying strata of longwall
face[J]. Chinese Journal of Rock Mechanics and Engineering,
2004, 23(18): 3066—3069.

[4] HU Jian-hua, LEI Tao, ZHOU Ke-pin, LUO Xian-wei, YANG
Nian-ge. Mechanical response of roof rock mass unloading
during continuous mining process in underground mine[J].
Transactions of Nonferrous Metals Society of China, 2011,
21(12): 2727-2733.

[5] CAO Ping, WAN Lin-hui, WANG Yi-xian, HUANG Yong-heng,
ZHANG Xiang-yang. Viscoelasto-plastic properties of deep hard
rocks under water environment[J]. Transactions of Nonferrous
Metals Society of China, 2011, 21(12): 2711-2718.

[6]  Htha, BSEUE, BUKAE, L%, IAHE AR Z M Kelvin i

AT WIRIEAT A 0] A ) S TR AR, 2006, 2509):
1862—-1867.
JIANG Bin-song, CAI Mei-feng, HE Yong-nian, HAN Li-jun.
Chaotic behavior of nonlinear Kelvin creep of rock mass in deep
ground[J]. Chinese Journal of Rock Mechanics and Engineering,
2006, 25(9): 1862—1867.

[71 ke, K5, ik, B, BI0K, B, B, 1
i, Kb LR S 0 B = ShiR AR K o AT [I].
PR 2R (R BEERR), 2015, 46(3): 1034-1042.

(8]

]

[10]

(1]

(12]

[13]

[14]

[15]

ZHANG Long-yun, ZHANG Yong-qiang, YANG Shang-yang,
SUI Bin, YANG Wen-dong, WANG You-fa, WANG Chao,
YUAN Sheng-bo. Analysis of unloading confining pressure
triaxial rheological tests of diabase in Dagangshan dam side[J].
Journal of Central South University (Science and Technology),
2015, 46(3): 1034—-1042.

YU Yang, ZHU Cai-kun, CHONG De-yu, LIU Yang, LI Si-chao.
Catastrophe mechanism and disaster countermeasure for soft
rock roadway surrounding rock in Meihe mine[J]. International
Journal of Mining Science and Technology, 2015(25): 407—413.
MitRfh, &2 fe, Ao, % B, B 9l mEA. A
R 2 J R o A A R M RORE VR 43 AT (0], A 2,
2015, 36(1): 240—248.

YANG Zhen-wei, JIN Ai-bing, ZHOU Yu, YAN Qiong, WANG
Kai, GAO Yu-juan. Parametric analysis of Burgers model and
creep properties of rock with particle flow code[J]. Rock and
Soil Mechanics, 2015, 36(1): 240—248.

T, BRI OB, Mo, o 4RO v RER
WAV X e R S AR S PE RSS9 [T, o [ 22 4
BE224R, 2014(8): 85-91.

SUN Qi, WEI Xiao-gang, WEI Xing, YANG Yu, YANG lia,
XING Yang. Study on effects of pillars rheological properties on
open-pit slope stability[J]. China Safety Science Journal, 2014(8):
85-91.

T, B W, BRVERG. SRBURNEEDT KT R B RR 3 F
TR T[], SR 243], 2013(S2): 294-298.

YU Gen-bo, YANG Peng, CHEN Zan-cheng. Study on
surrounding rock stability of pillar extraction in thin gently
inclined ore body[J]. Journal of China Coal Society, 2013(S2):
294-298.
ZRAN. AR A XA E M S AP IEST D). dbat: b
HEHREE, 2009.

LI Da-zhong. Study on the stability of mined-out goaf and its
safety evaluation[D]. Beijing: University of Science and
Technology Beijing, 2009.

BRBOT, WK R, ®  SF, FICR. BT RS R PCE R
AR, o A 4R R, 2003, 13(3): 735-742.

CHEN Yuan-jiang, PAN Chang-liang, CAO Ping, WANG
Wen-xing. Endochronic rheological constitutive model of soft
rock[J]. The Chinese Journal of Nonferrous Metals, 2003, 13(3):
735-742.

T, RN, . SRS DR - TR A R AR g A A
BB A0 1% 5 TREEAAR, 2010, 29(3): 577-582.
WANG Jin-an, LI Da-zhong, MA Hai-tao. Study of rheological
mechanical model of pillar-roof system in mined-out area[J].
Chinese Journal of Rock Mechanics and Engineering, 2010,
29(3): 577-582.

ZHOU Jian, LI Xi-bing, SHI Xiu-zhi, WEI Wei, WU Bang-biao.
Predicting pillar stability for underground mine using Fisher
discriminant analysis and SVM methods[J]. Transactions of

Nonferrous Metals Society of China, 2011, 21(12): 2734-2743.



672 P E A 4 2R 201643 A

Development and catastrophe time of rheological collapse in goaf roof

LI Tie"?, LIU Shi-jie"**, MA Hai-tao” *, ZHANG Shan-lin"*

(1. State Key Laboratory of High-efficiency Mining and Safety of Metal Mines, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Environment Engineering, University of Science and Technology Beijing, Beijing 100083, China;
3. China Academy of Safety Science and Technology, Beijing 100012, China;
4. Key Laboratory on Mining Goaf Disaster Prevention, State Administration of Work Safety, Beijing 100012, China)

Abstract: A roof-pillars rheological system of goaf was built based on the elastic theory and generalized Kelvin
constitutive model, and the function relationship between subsiding and time was solved out. Solutions were tested in
actual cases. The results show that, although the development of roof subsiding matches well with the periodical
characteristics described by the generalized Kelvin model, the roof subsiding can change multiperiodically or even
constantly due to the fact that the changing of the actual boundary condition is a gradual process. Although there are some
differences between the actual roof subsiding process and theoretical solutions because of the procedural effect, the result
on the goaf stable time in generalized Kelvin goaf rheological model is still credible. The conclusions can be applied
mines stability evaluation and taking the safety measures reasonably.

Key words: goaf; rheological property; generalized Kelvin constitutive model; roof subsiding
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