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Abstract: Strength reduction method which is used to study stability of goaf overlapping roof based on
catastrophe theory is established. The concepts of safety factor of overlapping roof are proposed. With the
reduction of strength parameters, a cusp catastrophe model of vertical displacement of the midpoint of roof and
reduction coefficient is built. The mutability of overlapping roof failure process can be reflected when this model
is employed as the failure criterion. Taking double cuboid goafs for example, fitting logarithm function between
safety factor of roof and thickness to span ratio is drawn. Fitting function shows that safety factor of roof is
effected by the thickness to span ratio and span of roof. Using strength reduction method to study stability of
multilayer goafs overlapping roof based on catastrophe theory, it is obtained that the upper goaf overlapping roof
instability can induce instability evolution of the lower goaf overlapping roof. Studying the stability of multilayer
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goafs overlapping roofs in No.105 tin orebody of Gaofeng mining area, as result, except for goafs No.1 and No.2,
the rest overlapping roofs are stable in the main, whose safety factors are over 1.5. Strength reduction method
based on catastrophe theory provides a new research approach for stability analysis of goafs.

Key words: rock mechanics; catastrophe theory; strength reduction method; stability of goaf roof; safety factor
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Table 2  Safety factors of overlapping roof under different
spans and thicknesses of roof
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Fig.13 Caving sate of overlapping roof between goafs #1 and
#2 in orebody #105
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Fig.14 Calculation model diagram in complex multiple level
goafs of orebody #105
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Table 4 Statistical table of overlapping roofs of orebody #105
whose thickness is less than 30 m

KAEXRGS  AKPRERm EETREEmM  CREXEEEH
1%, 2* —101~—103 2.0 AR E
15%, 16"  —134~—152 O -
5%, 8* —114~—124 O -
15%, 19  —140~—165 13.0 I =aE
13%, 21" —115~—131 11.0 1 =aE
19%, 20  —165~—181 9.5 I =aE
21%, 2* —103~—115 11.0 I =aE

I3 T 9 AR BV P SR 2 X 8 TR A P
FEPTIRIIII I 4 22 2R 25 X 38 TR 11 22 4= R
MR R R

(1) HATEENIHTE, ERCRAEX ]
U 135308 s

(2) %] Mohr-Coumlomb FEFAE Ay Jift JIRvAE ],
M EZETF LI/ RA X, E FLACY® dui &%
RIXWE R Null 58, 133153 52 R 25 X BRI N )
AR

(3) SKHIZE T AR BRI R 25 X 5 & AR e e
PERRSSEHTIRL:, I b2 AR YO 4R 23 X T S TOiAS gk
TR BT, 19518 RS X B TR 204 R 30
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[X 7] T 8 ThiAR
VIR
13%, 21%%=
X 1) 5 THAR
13K E X
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Fig.15 Relative positions of goafs No.1, 2, 21, 13 and
overlapping roofs
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Fig.16 \ertical displacement diagrams of the overlapping
roofs #1 and #2, #2 and #21(unit: m)
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Fig.17 Fitting curve between vertical displacement & of
the midpoint of roof and reduction factor F;
for goaf No.21 and goaf No.2

0.012

0.010

0.008

0.006

0.004

KA A

/

0.002 ]

0000 1 1 1 1 1 T 1 ]
1.48 149 150 151 152 153 154 1%5 156

—0.002> Prim 2 Fi

Bl 18 2071 27 R AR X T TR S8 AR R AIE A ABB HT 9 R 5L
Fi A2 4 ith 2k
Fig.18 \Variation relation curve between catastrophic
eigenvalue A of the overlapping roof between

No.21 and No.2 goaf and reduction factor F;
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Table 5 Factors of overlapping roof of complex multiple
levels goafs in orebody #105

5 TR 5 AR LA R (K E )
1%, 2* 0.21 5
15%, 19* 1.51 4
13%, 21* 1.64 1
19%, 20* 1.56 2
21%, 2* 1.54 3
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