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Study on roof pressure — relief mechanism and application
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Abstract: In order to keep long stability of deep chamber, reduce the maintenance cost of chamber and ensure the safety production of
mine, take the second large part cross section drive head chamber in blind shaft of Xinzhuang Mine as engineering background, numerical
calculation was applied to study pressure — relief mechanism of roof pressure — relief roadway for large cross section chamber. The study re—

sults showed that after roof pressure — relief, the plumb stress of surrounding rock in roof and floor of chamber was sharply reduced both,
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but the plumb stress of floor was reduced sharplyer than roof. The roof pressure — relief would have less interference to roof of chamber.

After pressure — relief, the horizontal stress and horizontal displacement of roof, floor and two sides surrounding rock of chamber were ob—

viously reduced and therefore pressure —relief effect of roof was obvious. Based on these, the parameters of roof pressure — relief roadway

and pressure — relief area of large cross section chamber were designed. After pressure — relief roadway driven, directional throw blasting

method was applied to the construction method of roof pressure — relief area.

Key words: large cross section chamber; roof pressure — relief; pressure — relief parameter; stress field of surrounding rock; mine blind

inclined shaft
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Fig. 1 Mechanical model for numerical calculation
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Tablel Physical and mechanical parameters of

chamber surrounding rock
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m i /GPa 4t /GPa  JF/MPa MPa  f/(°)

RIS A 11,0 1400  6.46  2.20 0.37  44.6
WERSE 10.0 1.34 1.09 0.82 0.28  29.2
R 5.5 5.31 3.50 1.40 0.31  39.8
WERAE 2.5 .34  1.09  0.82 0.28  29.2
LR 30 0.57  0.26 0.08 0.40  30.5
WHERE 15 1.3 1.09  0.82 0.28  29.2

wihE  16.5 1.70 1.50 2.10 1.20 30.0




2015 458 10 #1

xR B FEHEAR 543 %

2.2.1 WMEHEZEEEMNAFEN

P12 Ay TOUAR S50 e 5 0 4 114 1317 i 5 B 2 LN
13550 FEMA T BT IR FR R L, 2 BT RS AR AN T
M L R OURI o B A S R AT A 28 TOUJS AR
AN w7 AR AR o i 2 THRC AR 2 B 14345 ih
LUNE 3 FiR. IR LU ZE TURA 0 ~5 m Py [l
AT /N F 1 MPa; 551 R ATAH L, fif 2 16
i e e = N E N s N S E WY & N = R
I8/ IS 4D S e A, T TB AR 6] e L N 7 °F 24 D
61.5% o JLHRMRIEHE 0 ~2 m PN [FI5 5 B ) #2
T2 ~4m NEAFEER N0 ~0.2 MPa,4 ~
5 mN A EEEN /) 0.2 ~1.0 MPa. JLAMAR EH
R 1), XA 2 6 490 Bl /1N, JH v 28 7 i 2 76
MRS A AN, Al 4 FTR

(a) BIERT

K2 AEMERERSEELN T
Fig. 2 Vertical stress field of chamber surrounding

(b)y #HE=

rock before and after pressure — relief

=8
STt
ﬁg_ Y
—'_2: f!'
2 W
=
* 2 3 4 5
TR i1 /m
(a) Tk
£6
25 T
=4
fm 2
=
2
{_ﬂ\ 0
TEFR IR /m
(b) FEHR

B3 R E A E TURARE BN A o i &
Fig. 3 Distribution curves of vertical stress of chamber roof

and floor before and after pressure — relief

2.2.2 FEAKFRAFHAAA G NN
L5 Sy o 00 F A5 10 i A = 6L o 7K 1
s Ele T ISR R A OKSF T AR AR, TE
T 28 /5 B2 2 m (LB AT B 1 SR/ U I £k, 7 FR A 2
4

BT AN [ R JEE S FOULIN A, BIF 5 2 [ 7K - B 77
IR AR -

160

3]
[=]

AT

R HE /m
& g

S

2 3
JEMUAE /m

B4 o e AR E R AL b
Fig. 4 Floor displacement curves of chamber
before and after pressure — relief
g
y LB
g 15
=20
=25
=30
l -35
N
(b) Ik

i 7 MPa

(a) H A

W 50, 1 JE T A AR E A KRR 4
Fig. 5 (Horizontal stress field of chamber surrounding

rock before and after pressure - relief
6. JAy 1 1 T A 2 P A [ o 7 1 192 73 2 A i
2o STV HTAR L, TROAR ) T LA i = T80 A A0 3
LA T KRR i N Forh i 2 w3 O ~
4 m BAZKPRL /N 1 MPa,0 ~5 m [BIE7KFR A
Pi/IN75. 4% , B 1 R A 5AS o
7 S SED T S A 2 7 A R KPS S A
.

S5t AT
—
palp )
=2 b=
Ol 2 3 4 5

4 REHE/m
B 6 kAT Ja R E [ 5 AT R A9 A %
Fig. 6 Distribution curves of horizontal stress on

chamber surrounding rock

B 4 & 2 /m
W7 AR E B AP A

Fig. 7 Distribution curves of horizontal displacements on

chamber surrounding rock



ARUBI KA W TR 4 TR 0 AL R L P AR5

2015 4755 10

2, S HT A LU, AR % 0 1 A K A% R 2
TSI 76. 4% , 33X 2 A 5 9 A5 5 N 1) R
TR R 2

3 TAREIERPEAR

B HLK AR 2= AT IR B 2 B B S i
O S i 22 AT B0 A8 R0 (78 Ak L, o i = 3B 1 LA
Jei » S ((2R) I S 4 R L S [ ) A RS
A 0 AR R 5 >R 1 0 PR Al 3 A T R L TS
[ o (X % TOUHR 51 e AR 37, R 2 TOUA -4 3800 45
T HLAR 25 [ Ny 8T o A AR A B T W T
Ko, Al 25 6L 4 v I [l R R 5 3% AT ZE DR
el = Al [EA LA 52 B PR R G B , {5 4k T 0 )
FEAR X A -
3.1 MEHEEESHHE

1) A TE A B IO ) s 18 1 7 2R
P E 7 10 b JoT 25 A o G0 A B 8 A = 0T, B
JEACR R B 52 o ELE R S 38 = A B P X S =
TR 3% 30 , i) 2 THU A AR i PERRAIR o Sy DR 5B 25 Tt
M ek, 1 AR 18 5 %= TR N A AN T 2 m &
Y A A% X o

2) S AR I B R ) A I B R R TS
AP — D FLESH e F H RSO 75
TG A 1 0T, ) A5 8 95 B A2 2 SR
M O X A2k 5K 2 M o, H
F/NBRF AT QE LR 5 % 2 [0 54
1R B PR E T AS T T AR AL AR SRS ] Y b
Jo SR, TVURR B0 e A% 18 1 — I8 XA R W 1o,
8 Fir i , MU AT LA S To0 AR )R T8 B8 B M 1Y
i+%:ﬁL15 -16] .

M =2(H+h) cotp +2b +B (1)

Kb H OE R4 E 50 = Z BEA S, m h R

M

\ TR
\ RAkE &
\ JEARTA i
\ /ﬁ# =/
9 A . A0
B 5 1]

B8 T EAE L RRAEHE
Fig. 8 Cross — section of roof pressure —

relief roadway and floor chamber

IR 2 1 B, m b O AR & 38 g N ) X R R S
m; B 2R 3Z ) FE 52 A 2 58 B, meo

3) HURARE K B, ) H A I K R R ) e X
R BE , BEAR R B 5 44 B IS AR 2 1 BE A L TR
S ) R T DR WP FEISE SSTER S
TE“ L jj[ls -16]

L=S+h (2)

Ao S AR Z A BE , m; b S AR % 5 B, mo
3.2 TREERR

T 5 TV 1) F A5 18 98 B2 18 m, ) i 45 JE X
WA BE 23 mo ) A A T I AR 5 AR T AR AH B
6.5 mo FH T 7E A 2 TS T 48 OF 4E 47 5 18 m
1) T A T ME R B K, R ot SR T i R R iR
o FEARZE L7 WA F IR 2 455 0 = 4k 1T
149 70N DRI T A S, 0o % B2 ] 1Y) A 2R AT — IR
PR, B R FE = I — A8 18 m K
23 m BTt A E A, WE 9 s

0T HA (DX i1 5 ) 2 T A 1) 552 i 58 /)N
R S it W AR A 3 4h IR T X, o il 2 5 3]
HEAER , P ORUEAR %4 1 Ab T A2 IR o JES A Al
25 T AR R X IS e T2 %80 M K 18 m, H 5 6.5
m,hoA5.4m,b 2 m,B 6.7 m,p K 73°,jfi T.
SULF 4 it

LSRR 4

18 m

MEETE Bl A

K9 E T A E XECF @

Fig. 9 Pressure — relief area plane at the top of chamber

1) FEAR 2 0E_EJT R 23 m. B 18 m Ju N,
Bt T ERE 3.0 m AR JE 2.5 m A J&] [0 R 0E L 1%
AR g HE I W BRAAR S I sl B AT S8

2) A JE) [ 0 e AR S i T LA, 7 T ) A )
Fa 6 m i 1.2 25552 2. 0 m & 2. 0 m A4 ] K 2%
B R EPAHEIRTEE 4 ~5 m K JE 12 m B3R
EAtE

3) FEEEA BE R RN, H 2 m REYEFATAE
HREG AR A AL TR 2, JEA T R0 1 o

4) fEH RSN E A R E 1S m B9 4T AFT
HR 2y, HEAT RN B AR -



2015 4E55 10 44

B M ERAR

43 5

B3R T AR UG 7ERL S 2 1 OB R— A
KIERT 23 m GEEER T 18 m By#A 3l DI, RIS
I DI, DRI R AR AR 3 Ak TR g X

T

1) R 5 2 ARty =X s AL B i AL Sk A
= [l AR H, IO 0 A7 0] T 28 7 4 40
T o MHEUETHEITFE 180 = TR E AL . AT
FELE R, DU ) s LA AR 25 T00JE Al Pl o 3 B0
IR MR BE /)N, Y ] 2 T Al R S LA 7K
SR AT~ TR W i) o

2) B T LKA = ARG BT 5. 1 ST R
FPEAT BB AUIIE A HE . SCRERT + B + A
FELNJE R ARIT 1A A0 P 38 SR P 1 TR 2R
FrRALIERN T o e BERL b AR A % A A2 TP
TOL , XA 5 S it TR SH0 1 Ak BE o B3 T i 2 TAR
1B AR 1) 2 B5OR D e X3, 4t 7 ) 4 4 98
PEAT AR T 7515 o BIFFE 518 B FERET I R
WLk A % AR TR B A T HORAE 5

S E 3k

(1] RRLT. RERIED™ B ) 4370 R B Bl R4 bl B A [ 4
HBF A ,2013,41(9) 112 - 18.
Kang Hongpu. Stress distribution characteristics and strata control
technology for roadways in deep coal mines [J]. Coal Science and
Technology,2013,41(9) : 12 - 18.

(2] ¥5270, 1 TR, DR 5% A R R T TAT A 2 RS 390 422 ol 2 Al 52
L] BERRL R 2015,43(3) 2 36 - 40.
Jiang Shaoyong, Xiao Tonggiang, Chen Guiyang. Study on floor
heave control technology of ultra large cross section chamber in un—
derground mine [J]. Coal Science and Technology,2015,43( 3) :
36 -40.

B3] kiM% 88 B RPUREER MR ARL S
A B ] ERFEE A ,2012,40(2) 1 15 - 18.
Zhang Xiangyang, Tu Min, Yang Ke, et al. Determination on Ra—
tional location of final terminal mining line for protective seam
pressure releasing and mining in two seams [J]. Coal Science and
Technology ,2012,40( 2) : 15 - 18.

(4] RELL, E4fe, bk il B A T BT S T S5 ) 43
1. #4125 5 TA1,2010,29( 4) - 649 - 664.
Kang Hongpu, Wang Jinhua, Lin Jian. Case studies of rock bolting
in coal mine roadways [J]. Chinese Journal of Rock Mechanics and
Engineering,2010,29( 4) : 649 - 664.

(5] SR, whar %, Fr T, 45 XA 0T VR 404 A AR TR i AL
MR EAR (1], Ry 5 %2 4 TAR %4, 2013,30( 2) = 165 ~
172.

[12]

Meng Qingbin, Han Lijun, Qiao Weiguo, et al. The deformation fail-
ure mechanism and control techniques of soft rock in deep road—
ways in Zhaolou Mine [J]. Journal of Mining & Safety Engineer—
ing,2013,30(2) : 165 - 172.
ALK A TR A SR SR E A S S ER
JEH R TR (V] 5 £ TR ,2005,27( 5) - 587 - 590.
Gao Mingshi, Zhang Nong, Guo Chunsheng, et al. Mechanics
and practice of combined supporting technology of 3D anchor
— cable and unloading technology of wall of roadway [J] . Chi-
nese Journal of Geotechnical Engineering, 2005, 27 ( 5) :
587 -590.
BRARMLLZE BRLR L AR ORI AR SR T S A LB
53y s8ie V], T R4 HARFHE R, 2014,
33(5) :569 -576.
Guo Dongming, Li Tie, Wu Shang, et al. Deformation failure mech-
anism and supporting parameters optimization of steeply inclined
weak coal [J]. Journal of Henan Polytechnic University,2014,33
(5):569 -576.
for s 3, SR Ml TR DA R T JRE T A T LA A A
5328k [T 3 g B TR 2 2442, 2014,33(4) -
421 -425.
He Fulian; Wu Huankai, Wang Zhiliu, et al. Surrounding rock con—
trol'and support parameter optimization in large — section thick top
—¢oal roadway [J]. Journal of Henan Polytechnic University,
2014 ,33(4) :421 —425.
FIUIL, P 1) PRAR ISR 3 SR IE S HUE R [T]
TR T R 222544 ,2013,32( 3) : 270 - 276.
Wei Sijiang, Sun Chuang. Research on support parameters of
mining roadway of deep mining with orthogonal numerical simu-
lation [J]. Journal of Henan Polytechnic University, 2013, 32
(3):270 -276.
gk 1 FH. Bl 52 R T R A [ A A2 LB S s 4 o 0 5
(D). R : 2RO T K2 ,2007.
Zhang Xiangyang. Deformation mechanism and depressurizing
control of the surrounding rock of roadway under dynamic pres—
sure influence [ D ]. Huainan: Anhui University of Science and
Technology ,2007.
IO, T BR A, AR — R R 4 A S LA AR TR
MR AL S 40 [T]. 3 7 B R 2 2% 4, 2014, 33 (3) ¢
276 -279.
Guo Baohua, Xi Kefeng, Chen Yan,et al. A new type of support
for large deformational roadway [J]. Journal of Henan Polytechnic
University,2014,33( 3) : 276 - 279.
b7 R TR T A 3 L S AR ST (U] R T
72,2011,58(4) : 67 - 68.
Shen Jie. Pressure — relief and support technology of large —
section chamber in soft rock [J]. Coal Engineering,2011,58
(4):67 -68.

( FHE 50 1)



2015 4E45 10 EHExRxEZFHK 543 3%
@"‘}( E{E [i] Ij;] E/J YA I::?’/_\'{) )4 EIJ IZE %J SC T#ﬂ} visualization of three — dimensional model based on C — ALS [J].
Njf#ﬁ@ﬁ%ﬁ/ﬂﬂééﬁlﬂﬂ Journal of Safety Science and Technology,2010,6( 3) :45 -51.

(81 XAHE. B RIF R b2 KO = HEHM AT WAL 5% B HoAR

BRI FEESMHT (D] feib: iR A 2012,

(1] i 7, BRE R % =4Eshias XU RSE CMS 7247 (91 EFI, 5% 35, f/NEE. JF T 28 K224 Wi = 4o Rl
LA R L] 7T 28 ] 5 TR 21,2005, 1( 7) < 994 - 996. r R IS B EE IR (1), 4R ,2012,64(2) : 1 -4.

Guo Jiang, Luo Zhouquan, Deng Jian, et al. Application of cavity Wang Ligang, Zhang Da, Yang Xiaocong. 3D laser scanner high
monitoring system in underground mines [J]. Chinese Journal of precision motion control technology in underground goaf safety mo—
Underground Space and Engineering,2005,1( 7) : 994 —996. nitoring [J] . Nonferrous Metals Engineering,2012,64(2) : 1 —4.

2] BRL Ptk ik 8.5 RS KEOEAMER =4t [10] Tz, XA, PMEAL. CMS S0 T 67 3R 2% [X 4 K fa
SRIRARGEIT B KPR 1], P Eg K24l AR S HTRSE ). & s 10,2009,39(8) =5 9.

2014,45(11) : 3930 —3935. Wang Yunmin, Liu Hailin, Sun Guoquan. Modeling and stability
Luo Zhouquan, Luo Zhenyan, Xu Hai, et al. Key technologies of analysis of the mined — out area in underground mine by CMS
3D visualized integrated system for cavity’ s laser — scan informa— [J]. Metal Mine,2009,39(8) :5 -9.

tion [J] . Journal of Central South University: Science and Technol— [11]  BE 31,38 3K,3KT04. Re25 X = 4EO 4 S = S b
ogy,2014,45( 11) : 3930 —3935. Jrk (1], 2244 ,2013 ,33( 8) : 125 - 130.

(3] #wes, il A M ER, % SgE X AR RS EBERT Chen Kai, Zhang Da,Zhang Yuansheng. Point cloud data process—
Wb R D] A B4 . 2012,64(3) : 7 - 10. ing method of cavity 3D.laser scanner [J]. Acta Optica Sinica,
Cui Xiaorong,Lu Hua, Ye Tugiang, et al. Applications of 3D auto 2013,33(8) : 125 - 130.

— scanning laser system in mined — out areas detection in open pit (12] Rt xR E s 9e, 4. = 4ot H i R E 4 R 23
mine [J] . Nonferrous Metals Engineering,2012,64( 3) : 7 - 10. X g i [T R4 K ,2013,21( (3):64 -68.

(4] VI3Cat, ZEEE. £ C - ALS a8 K TR E A B & 0 i iF st Ren Hongwen, Iiiu Zhaofu, Han Zhiyao. Application of 3D laser
U] A4 ER¥5S THE,2012,3(5) : 66 —69. scanning technology in the surveying and mapping goaf [J]. Gold
Jiang Wenwu, Li Guojian. Roof strata analysis on the empty area Science and Technology,2013,21( 3) : 64 —68.
falling based on C — ALS [J] . Nonferrous Metals Science and Engi— [13)° Ak, EHE. =4 {%f(}'(,fl A T eaemmEE kR ] A
neering,2012,3( 5) : 66 - 69. 48 ,2011,63(4) : 1 - 4.

(5] SKEE.52 Aon LT C - ALS SUMARES X =i Zhang Da, Wang Ligang. Underground safety monitoring technolo—
yNsaw AR S 5% ,2012,26( 1) : 91 —94. gy based on 3D laser scanner [J]. Nonferrous Metals Engineer—
Zhang Yaoping, Peng Lin, Liu Yuan. 3D modeling technology (of ing,2011,63(4):1 -4.

Cavity based on C — ALS detection and its engineering application (14] Bk 9. 8/0NEE, 0K 35 RS X = 4E 02T Wil 248
[J]. Mining R&D,2012,26( 1) : 91 —94. [J].57R,2012,21(1) : 60 - 63.

(6] LEW,w B REX=4E06HI RS C - ALS HHAER Chen Kai, Yang Xiaocong,Zhang Da.3D laser scanning deforma—
PeAE R (T]. 4 €042 8 ,2005,57(4) : 103 —104. tion monitoring system to the cavity [J]. Mining & Metallurgy,
Ma Yutao, Peng Wei. Study on cavity auto <'scanning laser system 2012,21( 1) : 60 —63.

(C—ALS) and its application in Anqing copper mine [J]. Nonfer— [15] Bk, g, e, 2 = 40BN H AR 7E R 25 XK
rous Metals Engineering,2005,57(4) : 103 —104. S S sk (1], &@e 1l ,2009,39(2) : 112 - 114.
(7] W, X EE IR E. FET C - ALS R KR K = 4EAE R Xia Yonghua, Fang Yuanmin, Sun Hongsheng, et al. Application
uf})hﬂjb}q:ﬁ[ 1. EZ A RE AR ,2010,6( 3) 145 - 51. practice of 3D laser monitoring technology in finished stope survey
Ma Haitao, Liu Yongfeng, Hu jiaguo. Study on gob detection and [J]. Metal Mine, 2009,39(2) : 112 - 114.
( B 6 ) (1] WALF TR E AR TURSE & B AR B S 80 e B ()] 3
(130 e et OB AR 5 00 P LI R 5 (0] i Ry SR HE, 2005,22(2) 266 - 67.
2B 47,1994 ,12( 1) : 51 - 57. Zhao Zhijun, Zhang Tongsen. Determine and application on
Kang Hongpu. Study on the distressing mechanism and effect for distressing parameters of roof unloading pressure technology
large chamber in soft rock [J]. Journal of Taiyuan University of [J]. Groud Pressure and Strata Control, 2005, 22 ( 2) :
Technology, 1994 ,12( 1) : 51 - 57. 66 - 67.

(14] B 7S BT LA 20 B S 4P s R BP9 (D], faf: ) (161 adihs. W T AR 28 G AR (B RS & BRVR B 3 (1] ik

50

P HL T R ,2014.
Zhao Gaojie. Research on reinforcement technology of the cham-
ber for conveyor head in Xinzhuang Coal Mine [D]. Jiaozuo:

Henan Polytechnic University,2014.

a5 ,2011,38(2) 146 —48.
Yang Zhanbiao. Reasonable depth analysis of floor pressure — re—
lief trough of large — section chamber in soft rock [1l. Mining

Safety and Environmental Protection,2011,38(2) :46 —48.





