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Instability solution of translatory coal seam bumps based on the
unified strength theory

ZHANG Changguang, QI Hang, CAl Mingming, GAO Benxian

(School of Civil Engineering ,Chang’ an University ,Xi’ an 710061 , China)

Abstract ; The unified strength theory was adopted as a yield criterion to describe an improving effect of intermediate
principal stress on the coal seam strength for the determination of plastic zone in coal seam. Then,instability solutions
such as the coal seam stress, the disturbance depth and the width of plastic zone were derived for preceding translatory
coal seam bumps. Furthermore ,the comparability analysis and verification of the proposed solution were compared with
existing results available in the literature. Finally, parametric studies were carried out to investigate the intermediate
principal stress effect,the depth and thickness of coal seam,and the strength parameters of coal seam. It is found here-
in that the solutions proposed for the coal seam stress and the width of plastic zone are a set of orderly serialized re-

sults, so they have wide theoretical value and good engineering applications. Meanwhile , the validity of the proposed so-
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lution is demonstrated by comparing it with the results from Mohr-Coulomb criterion , Hoek-Brown eriterion and Lipp-
mann’ s theory. In addition, when the unified strength theory parameter b increases from O to 1,the damage range is
decreased by 25.3% ,and the expansion rate of plastic zone is decreased from 0. 63 to 0.47. It means that the interme-
diate principal stress has a significant impact on the translatory coal seam bump. Therefore ,the intermediate principal
stress effect should be reasonably considered to achieve more potentials of coal seam. Moreover , when the support force
increases from 0 to 1 MPa,the width of plastic zone is averagely decreased by 21.3% ,which indicates that the support
needs to firmly and effectively be constructed to reduce damage ranges. Besides, a deep coal seam has poor stability
and its damage range is large ,while a thin coal seam is more prone to display small-scale bumps and instability. It is
profound to account for the changes of coal seam strength parameters including cohesion and internal friction angle as
important strength indexes,due to that their influences are very significant in excavation designs, especially for the in-
ternal friction angle of coal seam.

Key words : coal bumps ;translatory instability ;unified strength theory ; disturbance depth;width of plastic zone;inter-

mediate principal stress
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Fig. 3 Comparisons and verifications of this study with the results from the References[ 7,9 ]
®1 BENNESH
Table 1 Mechanical parameters of coal seam
H/m h/m D/m v/(kN + m™) A ¢/MPa o/ (°) cy/MPa 0o/ (%) P,/MPa "
600 2.4 1.5 25 1 30 0.5 10 0.24 0.5

HIFE 3 Al R, 280 b =0 WA SCH— i 5 SCRik
[7 189 MC N A 2570 R 3 53 A5 AV A IX 58 1
W& RIAR B, 96 1 AR SO 24 i IE Pk TR, 3C
BR[O ] HYSME R DP i fig 2 AHEL A SCS H b =1
IF (BRI b KRR H ) 3 W RO ) B BB R g i
P32 I U S iU S TR SO VAP B S VA DIVA 1Y)
FAVE DX ) feey IRAEIX ST BN, HA5 MC o DU i
B2 St o AR o X R T AME IR DP E N BOE
Hh ] 3207 5 R0 -5 /N JE 0 I B B AR T — R i
b7 R ] R T B SR T R AR 1B DP i
U] Fy 5 FH 75 0 T

T30, B 3 (a) T2 BN 153 A FE 1 LIPP-
MANN 25470 5t T 35 455 700 5000 A1 — S5, 88 18 b ) 78
S-SV X S AT e PR BRI G, X A — 2 R bt
LI T A SO R i A HE . AR 3(b) S
J1 P, KO BEME] 1 MPa, ¥8 1 X 58 5 S B8 T
21. 3% , FR B SCA ) BRI R M/ INARE 2 ) BB P X
T B, P AR A A A el N 2 s SRR R

PSR ARt HB #EER AL Lippmann B
R MC HEN, $2 T 27 gh s R A
(R 1 A28 . PR HB EDUAT MC HER (PS4 b=0



%8 4

www.chinacaj.net

TR A BTG I AR gl b i R AR 2593

Ah) #B A % b ] 32 17 77, WORE SCRik [ 8 ] B9 HB i
A GASCEE SR (S500 B0 ) b7 e, i 4 fr
o WAL S BOE H SCHR[8 ] .0, =20 MPa;yH =
25 MPa;u=0.5;A=1;D/h=1;m=5;5=0.082;¢, =
0.2 MPajtan @,=0. 1;¢c=1.7 MPa;@=40°, Ht o,
M B BRI RS ym 1 s S HB Ui Y58 B 2
$ ;e Al o FH RocLab B AEL M HB HENIE: LN
2Pk MC R T A5 (0 2 B 35 i 5 S 40

UST(b=0)

HA[8](HB)

0 3 ) 12

6
xth
Bl4  ASCERE SCRRL 8 ) 25 XS LIk
Fig. 4 Comparisons and verifications of this study with

the result from the reference[ 8 ]

I 4 T A SCB R b =0 I G — i B
1B (UST) BY45 55 SCiHk[ 8 T 1Y HB v N f# 25 76 1% F7 it
RIEAER R0, H¥EX T PLah iR
AN [ [N 7 e (L ) AFLR 35 25 43 AR 9. 1% ,3. 6%
6.7% , X — 1 E T AR SCRA R IER T, 5
Gh B 4 TR R R 2 R 22 5 R AR HB HE
DAL SR Zett: MC T D) f 8 S22 e B9 58 B 5 550 O 1= 3
B AN IR R Sy — 38 BEAS B At St R AN ]

4 SEHW

SR ] FE 0T BV S BR b R B R
H R 2k VIR ES R (RIRER ST ¢ SNEESSA @)
XT3l oh i R AR S R R P (14) s A
JZINERIE L 52800 IRFERTT ¢ JNEEE S ¢
Tk, B IR R REA S HOR IR % 1,
4.1 HEEN DM

S b RS WURE I SR 1 v ] SR I RON R
AT LGEZEI 0 ~ 1, 350 b=0 FR M2 E 5 £
ST FFE MCHEN S8 b =1 FoR =08 1Y
Ha ) S8 1SR B R A B LB R HE BT 5 4 i
TSHb H0,0.5 Rl L0 B HEZE AGIBIE X FERE «, R
SR L ANBPE XY R Q BESE b AR AR

HIPELS A1, S 80 b =1 BRI )2 0% 98 1 DX 9 B o,
F b =0 /N T 25. 3% 33 32 W e ] 32 17 7 3800
4T, REW s /N2 il R AR B EIRE R . D3 Ah,

HSHo N0 KM 1A PBITRIE L AR FEANAE, T
MY A Q AN 0. 63 /NE 0. 47, RIBEZE r [H]
T2 T AEORE B BN 2 ok R A A0 e P W R
Wi o N FE 25 R 2 i B ) rh ) 32 07 3 000, B
AR 500 BE T RE

15

1 ! ! 0
0 0.25 0.50 0.75 1.00
b

PS5 ] 320 i B
Fig. 5 Influence of the intermediate principal stress effect
4.2 KREEBEBR5EE
WVR H e T2 2 FEA R RGN R
INE6 B TS50 b=0.5,H=200,600 A1 1 000 m
PR R A IRYE X T8 %« IUSIRIE L FIIR 1 X 4 e
2 Q BERE TR,

15 1.0

x_, L/m

1 1 1
200 400 600 800 1000
H/m

El6  HEZHIRI M
Fig. 6 Influence of the depth of coal seam
HE 6 ATH, H=1 000 m B 32 09 38 P X 56 BE
x, t6H=200 m B4R T 2.7 £, 50 B TR HEARE 2 1 o

i R AR B IR BB LA 1S . 3 Ah, IR H O
200 m HEHME 1 000 m B, SEEHEE L KT
3.85 m, MAPEIXP R Q M 0.27 HEKE] 0. 68, X 2
H T HRR BRI 2 A0 Id 1 1 IR A TR
W2 E RS KA AR

JEJE 2h R RAEE R TU R i 2S5, 18 7
BT BEb=0.5,2h=2,4 16 m 2 A ME X
VoI v, ILBNEREE L FIBPE XY e A Q BEMZ R
AL R

M1 7 IR0, 2h =6 m IEZ A IIVEIX SO ) L
2h=2 m BFHER T 1.6 £, RIVJEEARE 2 A0 L A5 2 & A=



www.chinacaj.net

2594 # X A 4 2019 4F45 44 4
P JC RS B M R PR S G R Sy Ah, YR L0
2h N2 m 3ESNE] 6 m Bf PREHTRE L IR T 9.39 m, s
MEBPEIX YR Q ZIM 0. 72 Wi/ 0. 50, X H Ik L
VIR 25 ) /N BB A b SRR | R Z Y 0 == S
SR AR /N T R RS I A IR R A 2 04
Ko %
15 1.0 0.2
708 2 30 35 20
10 @/(°)
£ 1%¢ N B0 B R 0
NG 10 4 Fig. 9 Influence of the internal friction angel of coal seam
’ H T 9 T, @ = 40° B 4422 O SR IX 96 B v, b
ks @=20°MF /N T 55. 4% , Ui PN BE 482 £ % )2 o o
0 . . 0 RISHIRIE B 5 AR, 53 4h, N EESE A @ DA
? P m ° 20°HIIE 400K, e ShIRKE L IRHEAAE I HEIX

7 B
Fig. 7 Influence of the thickness of coal seam
4.3 HERESH
FiR I ¢ RAGRMEZ N BURL IS 5 7 1Y 5 B 2
B ESHAHE TZS%86=0.5,c=1.5,2.5 f13.5 MPa
P2 A BB X S8 o, USRS L AR IX Y i
QO MERZRRT) E’J“’rﬂﬁéﬁio

15 1.0

10.8

0 1 1 1
1.5 2.0 2:5 3.0 3.5
c/MPa

I8 BT S R
Fig. 8 Influence of the cohesion of coal seam

8 AI 4, c=3.5 MPa B2 08 38 P X 6
x, o e=1.5 MPa IS/ T 38. 7% , RIIBE R I %R
ZEhi KRR R A — 2w, SAh, SR
J1¢ 1.5 MPa 8405 3. 5 MPa i, ISR L 1545
AR TR IX Y R Q A 0. 60 J8/NF] 0,37, X
JEH TR KA T2 R e v, AR o
i AR B e P A Tk s

PIEEBE AR o S P I ARE J2 PN S0 AT JE 45 2550 17 11 5
JESH K9 S T S8 5=0.5,90=20°,30°F1 40°H}
PR IBVEIXTERE « ) PSR L FEBIE XY A Q
BEIE 2 N RS A I AR IEE R

JES 0 HI0.79 BN 0. 35, BVAE phili % B 1y 1
() PR SN, HLNEEBR AT @ O 2090 Q 2 0.79, 11t
A2 8 7 o A T i

UL %5 I AR SR AR ) ¢ P B
1 @ B AE A B, A B T A 0 T L2 o o 2
FARBESRTE I, ELXY LGP 8 I O T P 45 A i B
eI ZLESIE

5 & it

(1) FE TG —sm B HIE , AR SCH e 57 9 TR A 2
ey SR AR 2 AR L ) G — fige AN BB P X5 48— fi
R8T R IE] RN AT R, AR AR S MC DI g 2
XU 3 DU g 2 HLAD AR 22 R DL A R (R fige 25, I
RETE o> R AL Z A5 BEVERE , BAT T2 1 B G 1 SCRN
R A8 TR RS

(2) 38 1 5 3CHR[ 7-8 ] 3T MC HEI] (HB 7D )
FREJZ N 355 BRI DX T BT LU, Bk 1 AR ST FY TE A
PE, SCHERL9 IR JHAMER DP N m i 1 e) 3200 )
A ELSEAR T, T A 2 88 ri) 17 ) D A8 i A | A IX
JERA A/, eI AE RV, SCI B Z 21
DX G RS BRI B SR 200 S

(3) P I 3 10 R0 6 2= v el 2 B ) 52 )
TS DX B A ok A i A 2 e e ) S 0 03K
JO7 B BTV ) 5 SR SR S22 ) vl ot 1) A vy, L il
RAS BRI B, [RIRHHEREIZ 55 Az /N L o
%9%%5 BEZ 50 SR RN W], 025 AR S
Rl R R BN A

BT RR il AR R B 1 2 R A AN SO
HEST IR PSSR AR (AU D) s Rt AT TR
ARG LA K 5 SCik b A B9 MG U % %% HB



%8 4

www.chinacaj.net

TR A BTG I AR gl b i R AR

2595

TEN 2 AN EE B DP fE I fi# 225 F1 Lippmann B8 5
(A2 %8 FE B IE , o R AT A OC TR B3 A A ik
B0 S B A BROCEE R ZS R 7870 VRS IE , $2
IS G AN R Z 0 B R E R S b RO R 2R A
T A R R R T G S bl EC SR O

2 2% 3L #K ( References) :

(1]

(6]

WLl 2o BA i, JRIE whf MR o3 A 28R PLE R B iR

WEFE[I]. 2t Ji2f 5 TR, 2003 ,22(11) : 1844-1851.

PAN  Yishan, LI Zhonghua, ZHANG Mengtao. Distribution,

type ,mechanism and prevention of rockbrust in China[ J]. Chinese

Journal of Rock Mechanics and Engineering,2003,22(11) :1844 -
1851.

DOU L M,MU Z L,LI Z L, et al. Research progress of monitoring,

forecasting, and prevention of rockburst in underground coal mining

in China[ J]. International Journal of Coal Science & Technology,

2014,1(3) :278-288.

MARK C. Coal bursts in the deep longwall mines of the United
States[ J ]. International Journal of Coal Science & Technology,
2016,3(1) :1-9.

LIPPMANN H,5K7T, 5% 44 4. & TR o« 58 7 (0 B8 — X 4%

JEBR TR 1 2 W T I N 48 (R ki) (1], Ji2e ik,

1990,20(4) :452-467.

LIPPMANN H,ZHANG Jiang,KOU Shaoquan. The theory of bumps

in coal mines-An introduction to the study of mining mechanics

at the T. U. Munich, F. R. Germany (invited) [ J]. Advances in Me-

chanics,1990,20(4) :452-467.

BURGERT W, LIPPMANN H. Models of translatory rock bursting
in coal[ J ]. International Journal of Rock Mechanics and Mining Sci-
ences & Geomechanics Abstracts,1981,18(4) ;285-294.

TR BB, XSO, A5 R B R E VP E b kR =

PRI [)]. B A 1% 5 TR 4R, 2005,24 (16) : 2864 -

2869.

JIANG Yaodong, ZHAO Yixin, LIU Wengang, et al. Investigation

on three-dimensional model of instability of translatory coal bumps

in deep mining[ J]. Chinese Journal of Rock Mechanics and Engi-

neering 2005 ,24 (16) :2864-2869.

IhEREE B TR, ISR, % 55T Mohr-Coulomb #E W Y & U39

SREZAR TN M0 08 1 X 98 FE BT [T ]. R S Z A2 TR 2R,

2017,34(5) :955-961.

SUN Lulu, CHENG Weimin, WU Mengmeng, et al. Study on the

(9]

(11]

[12]

[15]

width of plastic zone in coal rib with containing gas based on Mohr-
Coulomb yield criterion[ J]. Journal of Mining and Safety Engineer-
ing,2017,34(5) :955-961.
WUBE, WA B 8%, 5. BIGERY Lippmann )27 3 58 A2 Y
[J]. BB ,2007,32(4) :353-357.
ZHU Jie,JIANG Yaodong,ZHAO Yixin, et al. The improved Lipp-
mann’ s translatory model of coal bumps [ J]. Journal of China
Coal Society,2007,32(4) :353-357.
4%, X4, T 3T Druker—Prager I 191 2 s o fa
REAIL )] D4R, 2011,36(5) :727-731.
JIANG Fuxing,LIU Jinhai, WANG Ping. Model of coal burst and in-
stability based on Druker-Prager yield criterion[ J]. Journal of China
Coal Society,2011,36(5) :727-731.
AR, KW O, WA, 25 08 B R A Y R ZE O 3 R T
[C]. 26 27 Ja R A5 TR A AR S VO SCEE (58 T , 1%,
2018:65-70.
QI Hang, ZHANG Changguang, CAI Mingming. Calculation
of translational bump for coal seam considering the effect of gas
[ C]. Proceedings of the 27th National Conference on Structural
Engineering( No. IT) ,Xi’ an,2018 :65-70.
WANG J,YAN Y B,JIANG Z ], et al. Mechanism of energy limit
equilibrium of rock burst in coal mine[ J]. Mining Science and
Technology ( China) ,2011,21(2) :197-200.
AR, A MR S — R e RN (1], 5+ TR
4% ,1994,16(2) :1-10.
YU Maohong. Unified strength theory for geomaterials and its appli-
cations[ J ]. Chinese Journal of Geotechnical Engineering, 1994,
16(2) :1-10.
AR RS e K HORE [ M. bt Rl Hiped 1998,
TRHOG, I, XA T LB B A R S X RS B Rk
LB RIS E AT (1], & 1122016 ,37(1) :12-24,32.
ZHANG Changguang, FAN Wen, ZHAO Junhai. New solutions of
rock plastic displacement and ground response curve for a deep cir-
cular tunnel and parametric analysis[ J]. Rock and Soil Mechanics,
2016,37(1) :12-24,32.
FIT W — 10 220 AE 2 R IBE X R B 20 i [BDE 4% 1
i PRI B AR AR TS [ )] B 2441, 2018 ,43(2) :348-355.
YIN Wanlei, PAN Yishan, LI Zhonghua. Critical condition of rock
burst in the circular tunnel based on the strength parameters
of the degradation in the plastic zone[ J]. Journal of China Coal So-

ciety ,2018,43(2) :348-355.





