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Failure mechanism of tip-to-face roof based on energy method and

experimental investigation of support-strata interaction

SONG Gaofengl, HUANG Pengl, LI Hehe', ZAN Minghuil, KONG Dezhongz, ZHANG Pengfei2
(1.School of Civil Engineering, North China University of Technology, Beijing 100144, China;
2. College of Mining, Guizhou University, Guiyang 550025, China)

Abstract: In order to study the stability and influencing factors of the end face roof of the full-mechanized mining face, a mechanical mod-
el of tip-to-face roof stability was developed in this study with a combination of the energy method and the “roof-support-coal” system.
Meanwhile, the load monitoring system on the canopy of the support and the digital image measuring technique were utilized in a physical
simulation model to analyze the influence factors of tip-to-face roof fall, the roof failure characteristics and the evolution characteristics of
pressure distribution on the canopy of the support. The results showed that the stability coefficient of the immediate roof within 1 m be-
hind the coal wall was less than 0 based on the mechanical model of tip-to-face roof stability, indicating a high risk of roof collapse in this
area. In addition, the vertical and horizontal displacement of the immediate roof increased with the increase of the distance behind the coal
wall. Enhancing the working resistance of the support can also reduce the roof subsidence, and the higher roof cohesion and internal fric-

tion angle can improve the tip-to-face roof stability. On the other hand, the tip-to-face roof caving, roof broken and roof crushing were ob-
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served in sequence during the process of the physical simulation experiments. The middle section of the canopy showed the largest meas-

ured pressure, followed by the front and rear sections of the canopy in the descending order. When the roof was intact, the support showed

adequate setting load and working resistance, and the interaction between the support and the strata was in good condition. As the roof was

broken and led to an unfavorable support position, the support showed a loss of working resistance or an unbalanced loading condition,

which may easily result in the crack development in the roof, tip-to-face roof cavity, an iron-bound support and an awful support-strata

coupling. According to the digital image measuring technique, the maximum shear strain was found near the tip-to-face area during the tip-

to-face roof caving stage. Lastly, it can be concluded that the coupling between the support and strata is closely correlated to the tip-to-face

roof stability. Thus, maintaining a good support-strata interaction is beneficial to the stability of the tip-to-face roof.

Key words: tip-to-face roof fall; energy method; physical simulation test; support pressure; support-strata interaction
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Fig.1 Mechanical model of roof stability in tip-to-face area
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SR E S 20 em, i R B0 R, B R S
PRI S S VLR 16 ~ 25 eom. 7RI AR
PRI S AR SR S BT AR . P R R Ak
ifig o AL AT LS T AR RER 25 8], FEBE T
VETRAHEDE AT RS 4L . AR R S48 AN 116 R .

3) SCHRTRGE Ry WD R G5 Sy W S 4 b T
M 3 B T0032 7 43 A e, AR F T 20 A 3K
TR Sy WM 2R 45, AnIEl 11 s o 434 =S 2 T g2
W) 2R B8 1) i it BCHRE A 14 A% R AL S 24VDC JF
KLY . USB diE d 1 42t . CY-BLSZ /\BEELF
ARk A% . HZC-30B F- [ ) % 8 M VR4 3k, 4n
Bl 1la firs o T0F2 ) W 2 4 ) A% Jekds 3 8 A,
BI51 o A AER R SRR b7, AR A A &l 11
FI7R o MR AR IR AR AR SR T 7 i AN ], 32
PRTHGE S AR IERAS 1. 2, AR S5 IR 3. 4,
AT AL IR 5. 6, AT RERTHAL RS 7.
8o I A A rp i 3 TOUA A T Vi T i N S SR T 2
FEANTR) PR B B R 7 43 A G 10 o

) RERITFAZ : 1 FARERUKOE RS R, AR AEA AR
FE B AR, RS IR LR I TAE TR 42 AR 0%
AT TAEMHZE 0 A7 R, 0B BT S 2R 5
FE T00 SR A 3 A 2 ) W38 4%, [) Ao e s 0 5
HATIRIR, B IR IR AR B I AR RS e 8 IE % T AE

®1 BEwSEREAMEHNFEMER

Table 1 Physical and mechanical properties of coal and petrol in a mine No. 9 coal seam

THJRCAR HE JELE /m B3R B /MPa HEAF R/ MPa HEL/N 4 H AR S/ (grem™)
FEARTH bitiEey 10.0 272 4800 0.25 2.65
B bievay 3.0 7.9 2180 0.28 2.30
2 I 4.0 7.5 1 460 0.30 1.40
HIEIR HIE 42 39.6 9 600 0.30 2.60
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Fig.14 Variation of canopy pressure during roof cavity
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Fig.16 Load distribution of canopy during roof breaking

TNo TESCHE “FHAR— P47 i A8 rh, TR J) 5
AT AR AR Ry b JE EE >R RS> S . 2 AR
T HEDE 105 om B, T2 17 B2 A S22, TGk &
JIRMEIERHING, WIHET1°H 0.9 MPa, T J) 5
K 1.5 MPa, /Iy 0.5 MPa, @1& 18a /s, X4 T AR
HEFE 120 em B, W4 TR 0.65 MPa, H T THEE |
J7 BT A B R G, TR B o A A FH A S 4
7, TRGE R ik — 203, e TR Gt b J5 R e =
EIAREVER T, TR KR 188 T 2.05 MPa, Uil
& 18b iR o
3.3 iHTE B M B A TR AR 2 2 B

TR0 R P A5 R B A v 1 8 T o 5 4
ToUTE 0 8 S B W AR AR . e R R ey
TP T AEAL AR BEA T 4, $5 B B i &
BHAT A2, F ABCTF G AL AR, 3R
BilE N SR D v 2k s S S NTTEE %17
2ok A v A (] i B ) 4 T A7 % N A2 i Ak = [
AR 6 B i T ' O B T A T L TR A AT
X3k, 12 XIS K im=40 cmx20 cm, 40 19 iR,

DIEEAA . w5 R By Tt 2 B A % an
5 20 s o BEARRTE, SRZS X — Ml ) TR 30 B0

(b) T fﬁﬂ%& 120 cm
B 17 TR AR I B

Fig.17 Deterioration of roof condition
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Fig.19 Schematic of measuring area on immediate roof
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