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Abstract: It is essential to ensure the long-term stability of surface infrastructures by designing a reasonable protective width
(or stopping line) of coal pillars. The design of the irregular downhill protective pillars under a surface diversion canal (part of
South-to-North Water Transfer Project) in a mine is regarded as the engineering background. First, the govering principles for
deformation of coal pillars under the function of long-term high stress in the coal seam with rockburst hazards are proposed by
analyzing the damage modes of surface buildings induced by pillar deformation as follows: (1) No rockburst instability damage
occurs in strike coal pillars; (2) No instability damage due to strength decrease over time takes place in strike coal pillars; (3)
The deformation of dip coal pillars is uniform so that tensile damage does not take place on surface. Second, an evaluation
model for pillar stress is established, and the design method for keeping pillars to be stable and surface buildings to be safe in a
long-term period is proposed according to the spatial structure in the overlying strata. Finally, the stresses of coal pillars,
stability of surrounding rock and deformation stability of the engineering case are analyzed, and the safety evaluation for
diversion canal project and undermine mining design is carried out. The results are of great guiding significance for the width
design of protective coal pillars in similar mines.

Key words: mining engineering; coal seam with rockburst hazard; coal pillar deformation; spatial structure in overlying stratum;

rockburst instability; uniform deformation

0 5 ESUH. EEECEMP R RELY (<9737 ik BH

“EKALE” THRETEE “HERT” Mmitg (2010CB226803); HZFKEHARIFIEETIH (51274022, 51174016)
WEs EEA: 201506 - 16
A4 Sk =
I%jz’ ;E\:DB]}@ (ﬁ]) m%ﬁﬁﬁf@f@i@o *ETE <<§£ *EIERH (E-mail: jiangfuxing@163.com)

it



1542 H O+ T OB % M

2016 4F

F KR BRI S B AT B S R TR AN
) Mt T ) (R A TR R R R )
() E—Z80E, He, dTiim “rKIbiE”
TRERVRFIRYE . EEEE AN, B AR 2 2
27 KWIRENE “HR, IR RASH, £K
WM AT 32 B R A Z (b ab SRR [ HBE
BAE) RO, AR AR, RS ME ()
HBEE S S e R TR IR,

MAEIA R TR, AR B CIAE e R
WHFE T BAEAE 52 AT A2 o (0 e B AR SR AR TS0 A
B G R RRERZ MR R, o had w8
ARSI RIZ SRR T, A R A K
BN I RASIINL I 255 TTIREAE: B EL ) L PR B v 12
ZRENSRAEIARAER : BRAARSTR IR /)
TS5 RLR MO 26 AL REAT TSI ST /e,
SE T AT % 73 DXV Bl S 23 X R S0 IREED
T E SR WA | -1 2 AR RGUAL, @
TR TAR A GBI XL TR, 153 W T BAERL
g TR AR ST AT R AR
N2 FIoP AL« R AG A LSRR 98 L S5 AT T 80N
JZ ORI, AHRAT SR el SRR AT AT 5 et )
B D FUBIR 5 LR A AR R WARIE .

ASCVA RN L RGP TRERE T 5%
R BRI R BAT s b e 1k A B e A
SRR R, S TRAEMLIT “F /KB 7 AR Bt Y 2242,
SEH T ORI BT AR 8 S I i 3 2 A B e vt
T3k, X =TT TR GR P LA Ve B
BRSNS - E .

1 IIEE=
SRR EA T I, FRIEE Al a2
3ME (3,5 340, RAZENUARE 5L RS 5
KM, BERA . HE - —RX AT
FFHPEHR-430 m K TLLF, 5P HRIX (FaaKaX
WO RAR, N TAEHFHATEWE 1 Fos. KA
R R IFR A E T, I IR 5 R
ZAL RS, IHAES | 509 KRTFX 53, 507 K%
XAZFAL, A5 RER BT “ R, BAEEEEM 200
m “RAE” A 350 mo AR SEBRAEAT B AT LR,
FEFTH P B g i A A B T 1) BRI 3 B
0~555m, MEAETEEEZ) 200 m; 556~1000 m, KEAE: v
FEZ) 350 m; 1001~ 1500 m BP0 T A i 14 A K50
TAET T RIR LA F] 450 m (\FFEILHZ
RGN, SRR H=300~580 m), 3, , 3. MEZ
TPEEREN NS, 4m, 3 BUEECATEE (BIN3,

BT, SRRy 8 me BEE MM N 9° ~
13°, R KR, PRV E .
L . ¥ e

AR X

EREALE

SLREX

|

31-508R 25 X,

31-506R 25 X

B TFETELER
Fig. 1 Layout of working face

TARMECRA FAT IR, 3, 1101 AR AN
3, 1102 TARMIFREEE, AR XA K
AT, 231101 LAETHAI3 . 1102 LA K 58
HAF UG, 556~1000 m BUEA:ARY X (i
SIKIRMHEE) FFG RSO IS, WK 2
B o Ja SR TARTH R v] BEX Hh [ 5 7K 2R AR T #0,
PR AT & B0 L e e B

(o) HBRH (b) B
[ 2 AR XA FER
Fig. 2 Structural deformation on ground over coal reserves
RN IR TR 52 T 8ER
B D Bt BRIt T3 B BN .
FRREVERATAS LSRR, AAE—EEiE. shil
BRI E R, A AR TR 5 A M 28 22
& ) FBEA R 7 A2 3 Fe
(1) prrBE AT b R AE S . (R
SR o PEAE B ¥ 58 FEAN & BRLEE T RIR LUK,
TR S R R TR SO GRED BEY),
IR S F N A AT e b o R ASBIIR
(20 WEAEAE RN IIERTS AR A I 58
JEBWTRRAR, BAE T BER AEBIOR, Xy (R
F PR
(3) Wi 5 AN S8 S AR T 5| R i ()



8 1 gk

W], S PR A AR S T A A R S R WL 1543

SRR o A SRASURE T 1) _EAS R 1) A2 B
GARFEZGE, PR BEY RET S,
RIS R U Fe VG T A A e
fEABIA .

2 EHEHKESNOERATERTER

[

YR 2 O SR A R LSRR A
H, HTEEIRAR, £RERE EHE22
PEUL R aEE RO AT R G, kSR
DRI RS ESER, WK 3 For. ERREE
KRAEX FEE BRI RIS G, S 1A
BEESMEA TR T R8RS C1T— 1 HImD, &
A B EEERERA L, EEIMER AT E
JORZS (N —ITHIHD, S EBRAE D d BRI
H 3G n, s E- i e

A W AE ) AR AN 7 1 (A 5 T A B AR
faE, nICAR . EACREETER “INE " SR
xt FES B, s, Wi 3 (b)) B [F
i, BEEANFMREN T, SR AR AR AR X )
5], ML HIUBCRTE ) 2 J U, WK 3 (o
Fim o

RIE, ARIESAEARFEAFAE LA RO 8 (F)D st
M), 2 11 I R 2 7 A P e O A AR T 1 SR )«

(1) & M7 T EAE AN i A e R AR IR

(2)7E M7 TRl BRAE AN A A K B 5 B A o
B RFSHIR

! (b) I— 1@ |

i

Py

—————

(¢) I—IH#E

E 3 RIFFAETEE
Fig. 3 Sectional view of protection coal pillar
(3D R T [ SRR R 50 AR T, AT At A
KA R RLARBIR o

3 BRHEBHSNNEER

BT REEH5 5 W R L 5 KI5 1 (KR 4
MONTEEREEN S B E AT ROEZ 5K J7 [ ) R
R AT, W 4 FoR. K ZEEIpREY,
KX EEARNES KB LS RAUV AR AL,
—HRAPNERE BN RRZ, EhEZYE R
s a 53, SR BT B BRI A
Hishla ZAMEE, ER0RIPRET, KT
PR B I b R 22 RO A 1 A T 7 203 e
oy OBEE BT A& HIA R (BEIE
DX Aol B EAAE A by @B S
ST LG E (B=AXE) KEEREG—
PAih B L

fbT LR
RL1 5

[ 4 JRAE R E DG BRI TR GG AR EY

Fig. 4 Roof structure model to estimate abutment pressures on

coal pillar
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