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Current status and progress on the estimation of mining—
induced building.damage

CUI Xi-min' > ZHANG-Bing"?> PENG Chao' ’

(1. College of Geoscience and Surveying Engineering China University of Mining and Technology( Beijing) Beijing 100083 China; 2. State Key Laboratory of
Coal Resources and Safety Mining China University of Mining and Technology( Betjing) Beijing 100083 China)

Abstract: To meet the urgency and necessarywof mining induced building damage estimation in practice the present
situation of the determination of critical deformation and damage classification to building was analyzed. The advanta—
ges and shortcomings were investigated for the building damage assessment based on the fuzzy mathematics matter ele—
ment neural network entropy weight“fuzzy clustering and point method. The new progresses in the assessment of min—
ing induced building damage such as vulnerability curve classification and regression tree were introduced in detail.

The study results reveal that it is helpful to improve the accuracy of building damage assessment based on building ty—
pology and computer aided analysis. The influences of uncertainty from estimating factor may be further avoided in the
process of damage assessment. The areas for further study in the future are proposed.

Key words: mining induced building damage; estimation; progression,; critical deformation; underground mining
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Table 1 Classification of.subsidence damage for buildings *
[(mm * m ™) /m~! /(mm*m™")
I <2.0 <0.2x107? <3.0
il <4.0 0.2x1073~0.4x1073 <6.0
jiil <6.0 0.4x1073 ~0.6x1073 <10.0
v >6.0 0.6x1073 ~0.8 x1073 >10.0
I <1.0 <0.05x1073 <1.0
11 1.0~1.5 0.05x107% ~0.10 x10 73 1.0~2.0
jiil 1.5~3.0 0.10x107% ~0.30 x 10 73 2.0~7.0
v 3.0~4.0 0.30 x10 7% ~0.50 x10 3 7.0~11.0
I +5.0 -6.0 +1.5%x1073 <20.0
11 +5.0~+49.0 -6.0~-11.0 £1.5x107% ~ +7.0x10 3 20.0 ~44.0
11 +9.0~ +13.0 —11.0~ -18.0:7.0x10% ~ £10.0x 103 44.0 ~55.0
v +13.0 -18.0 > +10.0x1073 >55.0
5.
2 335
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AL = L [&+ (%)2 (1) 2 v

AL mm; L m; H 567,

mm/mo

2

Table 2 Relationships between the classification of mining
57

subsidence and surface deformations °

/ / /

(mme+m™") m~! (mme+m™)

1.5~3.0 0.15%x107%~0.25x10"% 3.0~5.0
3.0~6.0 0.25%x1073 ~0.60x1073 5.0 ~10.0
>6.0 >0.60 x10 73 >10.0 o

3 35 ( 1)
Table 3 Relationships between the classification of mining . Donetsk

subsidence and the index of total deformations *°*

AL/mm <150 150 ~250 >250

1978 (:2) NN .

. 7 29
. ; Anon Wagner

1.2 .

N 20 o
50—80 . 4077, (3)
I
I i o
. . . (4)
111 v
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4

Table 4 Classification of subsidence damage for structures

( )
(0.5~1.0) x1073 Meyerhoff( 1953)
1.0x1073 0’ Rourke( 1976)
1.0x1073 Attewell( 1977)
1.0x1073 Polshin( 1957)
(1.0~2.0) x10°3 Niemezyk( 1949) 1.0x107
(1.0~2.0) x10°? Skempton( 1956)
(1.0~2.0) x1073 Sowers( 1962)
1.2x1073 Boscardin( 1980)
0.25x10 73 Littlejohn( 1975)
0.4x1073 Beevers( 1954)
(0.4~0.5) x10~? Singh( 1968)
I 0.5x1073 Polshin( 1957)
0.5x1073 Goto( 1968)
0.5x1073 Yokel( 1978)
0.5x1073 Boscardin( 1980) 0.5x1073
(0.5~1.0) x1073 Anon( 1975)
(0.5~1.0) x10°? Attewell( 1977)
0.6x1073 Niemeyzk( 1949)
<0.75 x1073 0’ Rourke( 1976)
0.8x1073 Priest( 1957)
(1.0~1.5) 1073 Cording( 1978)
(0.3 ~0.7) %1073 Polshin( 1957)
0.4x1073 Burland( 1975) (1.0 ~2.0) x1073
1.0x1073 Grant( 1974)
(4.0~6.0) x10°? Anon( 1958)
2.0x1073 Bjerum( 1963)
(2.0~3.3) x1073 Broms( 1976)
2.5%x1073 Adamek( 1981)
2.7%x1073 Thorburm( 1977)
3.0x1073 Ulrich( 1974) (2.5~3.0) x1073
(3.0~6.0) x1073 Nishida( 1982)
3.3x1073 Grant( 1974)
3.3 x1073 Skempton( 1956)
(3.3~5.0) x10~3 Starzewski( 1974)
! 3.5%x1073 Meyerhoff( 1953)
1.0 x1073 Ulrich( 1974)
1.5x1073 Adamek( 1982)
(2.0~4.0) x10°? Anon( 1958) (1:2-2.0) x107
(2.5~3.5) x1073 Cording( 1976)
(0.14~0.22) x10°? Righy( 1952)
0.25x10 73 Wood( 1952) 0.5x1073
0.6x1073 Horne( 1964)
3~20 Anon( 1958)
e 13 Nishida( 1982) "
20 Ulrich( 1974)
20 Adamek( 1982)
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( )
il (7.0~8.0) x1073 O’ Rourke( 1977) 7.0x1073
’ 2.75 x10 3 Boscarding( 1960)
3.0x10 73
3.5x1073 Anon( 1957)
(1.0 ~2.0) x1073 Skempton( 1956)
1.3x1073 0’ Rourke( 1976)
I 2.0x1073 Polsin( 1957)
1.3x107?
2.0x1073 Attewell( 1977)
(2.0~2.5) x107? Sowers( 1962)
2.2x1073 — Breth( 1975)
Il (2.5~3.3) x107%  — Thomas( 1953)
-3 : 3.3x1073
(3.3~5.0) x10 Starzewski( 1977)
(3.3~6.6) x1073 Skempton( 1956)
I 2.0x107? Mahar( 1981)
1.0x1073 Goto( 1968)
Il (3.3~5.5) x1073 Broms( 1976)
(3.3~5.0) x1073
(5.0~10.0) x1073 Starzewski( 1974)
5 2
Table 5 Maximum allowable structural deformation in major coal producing countries *
/(mm *m™") /( mm » m7") /(mm e m™") /km
2.0 2.0 3.0 5
1.0~2.0 0.5 — —
0.6 0.6 1.0~2.0 —
5.0 5.0 — —
1.5 1.5 2.5 20
Donetsk 2.0 2.0 4.0 20
Kalaganda 4.0 4.0 6.0 3.0
1.0 — — —
6 2
Table 6 Classification of structural damage in major coal producing countries *
Donetsk Kalaganda
I e<2.0 k<0.2 i<3 e<1.5 i<2.5 e<2 p<20 i<4 e<4 p<3 i<6 e<0.5
I e<4.0 £k<0.4 i<6 e<3.0 i<5.0 >5 <25 p=<l12 is4  e<7 p<l.5 i<l e<1.0
1 £<6.0 £<0.6 i<10.0 £<6.0 i<10.0 3-4 £<3.5p<12i<6 e<10 p<l i<16 e<2.0
v £>6.0 k>0.6 i>10.0 £>9.0i>15.0 2 <6 ps5.5 i<8
v 1 e<7.5 p<3 i<10 £>3.0
VI I &e>14 p>11>25
] P i vk B
1 @ »
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Table 7 Building typology

/ /
/MR
/MB
7
/MC
/CF
/CS
/ST
/WO
<10/L
11 ~20/M
21'~30/H 5
/m
31 ~40/V
>41/E
/VB
Vs
SB SS
9
/CB CC
/DB DS
/RE
/SR SN
/SR SN
/FR FN
1
Fig. 1 Mean damage and regression
( MSDS)
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Table 8 Calculation of mean damage for a type building
/(mm s m™")
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
D, 100 100 100 91 48 1 0 0 0 0 0 0 0 0 0 0
D, 0 0 0 9 52 99 82 48 40 16 1 1 0 0 0 0
D, 0 0 0 0 0 0 18 52 60 71 73 26 8 2 2 0
D, 0 0 0 0 0 0 0 0 0 13 26 73 92 98 98 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
M 1 1 1 1.1 1.5 2 2.2 2.5 2.6 3.0 3.2 3.7 3.9 4 4 4
3.2
Breiman N N N
1984 CA N N 3
RT( Classification and Regression Trees) N
N N N 4 4
. 1997 ( / N ) ;
* CART N
N N o 2 N
N N N N ¢ N ( N
o ) ;
CART 2
D o 3 141
4
15 153
2 3 o
( Information Gain) .
( Entropy) ( Gini Index) . @
CART N 2 4
o Fig.2 Ultimate classification tree *
2014 Malinowska ~ CART 7B2 518
¥ 2 127 NN EEAY
7ZB1  7ZB2 32 46 43 6
80% N .o ar - 1v 08 35
80% 1985 « ZB1 Limar 1
372 141 o 1 510 0 rn
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Fig. 3 Classification division of building damage *
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