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Mechanical mechanism and support technology of deep—buried roadway

tensile—shear failure of rib spalling
YU Yuanxiang', WANG Jingbin' , WANG Genyuan®, WANG Fuyu', CHEN Baoping'
(1.School of Architecture and Civil Engineering ,Xi’ an University of Science and Technology,Xi’ an 710054, China;
2.Shaanxi Changwu Tingnan Minging Co. ,Lid. , Xianyang 713603, China)
Abstract:In view of the phenomenon of rib spalling in tensile—shear form in the initial stage of deep—buried roadway excavation, and ac-
cording to Mohr—Coulomb yield criterion and the limit equilibrium equation of coal body in rib spalling, the mechanical model of rib spal-
ling body under the interaction of the abutment pressure, the self—weight siress, the tensile siress at the back edge and the slip force on
the shear plane were established. On the basis of the ultimate equilibrium condition of rib spalling body, the theory of key parameters such
as the front edge height, tensile fracture depth at the trailing edge, and horizontal collapse width of the rib spalling mass were derived. The
effects of cohesion, internal friction angle, tensile strength and horizontal collapse width of the rock mass on the depth of the trailing edge
of the rib were discussed. The results show that there are positive correlation between trailing edge cracking depth and cohesion or internal
friction angle of coal and negative correlation between tensile strength of the coal and trailing edge cracking depth when the tensile—shear
failure of rib spalling happens. The tensile—shear failure of rib spalling will develop into a single—inclined rib spalling when the cohesion,
internal friction angle and tensile strength of the roadway side wall reach a certain value. Based on the determination of the failure parame-
ters of the rib spalling mass, a combined support method of bolts and cables for the coal body in the slab area was proposed. When the op-
timal installation angle of the anchor rod is controlled between 30° and 90°, it can form an effective support structure with the anchor ca-

ble, and the optimized support method can effectively prevent the roadway side wall from the tensile—shear failure of rib spalling. Finally,
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taking the 130—225 m section of the 401 working face transportation roadway of Tingnan Coal Mine as an engineering example, the key pa-

rameters such as the front edge height, horizontal collapse width and trailing edge crack height of the rib spalling mass were analyzed theo-

retically. Furthermore, the initial bolt support scheme and its parameters of this section of the roadway rib were optimized, and a good sup-

port effect was achieved.

Key words ; deep—buried roadway ; tension—shear failure; rib spalling parameters; non—uniform support;roadway rib spalling ; surrounding
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2) THMR B T4 [ K BE A 8, BRUE & R B k=
1.8 B FLELAE D, =0.03 m, 5[50 5 FLRE [ B 2 i i
¢, =3.5 MPa; 45T E f1 P, =225 kN, fC AR (42) 75
THNRAS AR B B 41,23 my PR, TR A AR B AT
BT By 2.46 32, 425 I EEAR AR AT
3 R[] Ak ] B B e FH 2 4 K2350 U4 [ 5] i
frvimti, AN A 1 45 72350 RIS 7],

3) A R BE B . TERE & AE B AR
R VIR 5 |, TR 2 R Bk BRF-firHit | B %
EARCETE a, N

a, =3 +45x tan(45° -

o

22
> j = 6.04m (45)

HRar e 1 Jai(45) W b1k 2 BB iR 4% =
AP P ph A PRSP HAE B8 ] 0 TOURROAR PR i 43t
Kby, A

a, 6.04
b2=7=ﬁ=3.78m (46)

W RANERKE 0.2 m, B ARG E B IR K
0.8 m, B 730 (46) & i BIS 1S TR B R K E h
4.78 m; N7 g, Ttk H ¢18. 24 mm x
5500 mm HYGHERL .

4) B R EH B AR E . R 2 AT TiAR
SR K 23.6 kKN/m?, R FH 2 K20 THAR B
R HE oy B S AR AT S, Fa(45) FXi(46)
HYZE R AT, SRR R B oRE ) P, K
p = 23.6 X (2 x 6.04 x 3.78)

: 2
B FBON b =1.8, iRtk &g P, =
55

=539kN  (47)
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# %2 A F H K 5549 %

539 kN, £EfLE AN 0.03 m, 5[5 577 5 FLEE [A) Bh 45 5
J& ¢, =3.5 MPa, 7 2 (47) U AR (42) 1340 R4
[ BE g 2,94 m; AR 2% 2 7 il I 5 ) i
5.88 3, NEAEHIE, R R T 6 ARG E 7, 5
[ B L st FH 3 45 K2350 R4 [ R 64T vl , 13k
e 3 4 72350 AUGH[E ),

R2 401 TEEEHEERS PN EERENETE

Table 2 Deformation monitoring data after optimized

support of sidewall headentry in No.401 working face

S st E]/d B #E R/ (mm - 47! ) ST/ mm
1 6.4 6.4
2 6.2 12.6
3 6.3 18.9
4 5.8 24.7
5 5.7 30.4
6 5.2 35.6
7 4.8 40.4
8 4.9 45.3
9 4.5 49.8
10 3.9 53.7
11 3.2 56.9
12 2.3 59.2
13 1.6 60.8
14 0.8 61.6
15 0 61.6

51.3 R EBH I 5%

BT IR MRS A AR TR T A5
Jiti TEREE , % RN AE S TR SLPR 2 K%
AT (2R) IR B AR IFRA

1) VRAREEAT A, 1 AR B B A %
20 mmx2 000 mm % oY\ 4= R SC A iR Bl AT, &
Bfm T oy TR 9 U0 RS B ATk
20 mmx2 000 mm ) TCHA A 4= BRSO IR B AT, &
S P 55 I A 520 5 MR Al ATl I B3 FEL s 0 1 1
& K2350 B [ 550 A7 v, b {1 4 22350
RUES ] U S350 60 kN, UM 48 A1 356 ] 920
mmx3 500 mm [ TG\ 4 BRSPS R T , %225 £y
JEE ¥4 Ry A BT TR ; A AR T Al 15 B L o (i 2 46
K2350 #U5H [ 7617 st , Shom i 1 4% 72350 A
BT TUE T34k 60 kN,

2) URHRAHER ST, A TR A 3 A S A A
1 #3¢18.24 mmx5 500 mm [T FIHERERLLLE | %4
FARE R 250 FRAR A R 17 B HL o i ] 3 4 K2350 7
BT R0 R AT o 4, Ab i (] 3 45 22350 U [ 5
BT J7 80 kN flfb)a 24 i Z W E 10 fios
52 BEZPHE

SKHEE ¥R LR AL R, 4 33 W I A5 F)
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Fig.10 Non-symmetrical support scheme for
transportation lane in 401 working face
W REITBIEEIAE 61.6 mm J5# THE, W2 %
A EDR

7r 170
~ 67 160
";_ 5t —soé
£ 4t 7401&3
3 3t 1308
"—_ﬁz- RS 12025
<t —— RitBiiE 110
0

55 7 9 01 130
AL [6)/d
B11 401 THEEERALPRAEESFZH RN LR

Fig.11  Monitoring results of deformation of laneway sidewall

after optimization of headentry support in No.401 working face
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