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Analysis and application of sheared and fallen roof structure during shallowly
buried fully mechanized mining under thick loose bed and thin base rock
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Abstract: Severe ground pressure problem during shallowly buried fully mechanized mining under thick loose bed and thin base rock
is increasingly prominent, which has seriously threatened safety and efficient production in coal mine. This study took 22614 working
face in Shendong mining field as engineering background, adopted the combination research method of field monitoring, similar
experiment and mechanical modeling to analyze the characteristics of its strong ground pressure, to reveal cause of mining-induced
roof broken and instability, to build mechanical model of roof broken structure, to determine working resistance of hydraulic support
in working face, and finally to perform field example application. The study results showed that: based on field monitoring, the
average roof broken length of 22614 working face was 11.2 m; the average working resistance of hydraulic support was 8 450.1 kN,
and the maximum working resistance was 11 857 kN. In similar materials simulation experiment, the average caving length was 12.5 m,
and roof sheared and broke as short suspension beams, crack extended to surface, which led to the whole sheared roof falling behind

coal wall. As well plane mechanical model of sheared and fallen roof structure was established, then the structure instability criterion
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was put forward, the positive correlation between instability coefficient and roof sheared and fallen angle, bearing capacity of

hydraulic support was pointed out. Certainly, working resistance calculation formula of hydraulic support in working face was given

and calculated average bearing capacity of hydraulic support was 8 364.22 kN, which is in good agreement with the field monitoring

results. The results provided important theoretical basis for support selection and roof control of shallowly buried fully mechanized

mining under thick loose bed and thin base rock in China.

Keywords: shallowly buried fully mechanized mining face; thick loose bed and thin base rock; sheared and fallen structure; plane

mechanical model; instability criterion; working resistance of hydraulic support
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Fig.1 Working face engineering situation
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Fig.3 Mining-induced roof disaster
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Table 1 Physical and mechanical parameter of protolith and model
i T L iy YR 5 /M Pa B 25 FET 5 FE /MPa T ) 2 —_—
fem PEMEe  PimEe  Agre®)  REmEe  bihigiEe /(g comd)

KAV 14.0 — — 1.28 — — 0.86 —
R 51.0 — — 1.69 — — 1.06 —
WA 7.5 54 3.7 1.95 0.36 0.025 1.32 555
HRD 3.0 48 2.7 2.18 0.32 0.018 1.47 755
EIbAT S 5.0 63 3.6 2.39 0.43 0.024 1.61 637
Wb 5.0 66 33 245 0.45 0.022 1.66 737
s 2.0 43 2.5 245 0.29 0.017 1.66 755
22 Jit 55 34 0.9 1.30 0.23 0.006 0.88 873
iUz 8.0 66 33 2.45 0.45 0.022 1.66 737
WA 6.0 51 3.1 2.43 0.34 0.021 1.64 737
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Fig.4 Similar experiment model
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Fig.7 Mining-induced roof movement phenomenon
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sheared and fallen roof structure

PRIE, AR BT B S AA R W A 43R AR I
TERBE VIE R G RAGFKAT, "R A VIR AR
HEEWUE 2 — RN, HLEITHE AR
A

G, =yHL (2

X G AB A VIR RS BRIUE R B E T (KND;
y NEE VIR S BTS2 PR (KN sm™);
HONEAVIRE S HZTUA ZIEE (m); LAES
DIVE S B TUE R UIVE LB (m).,

R B W A T el 73 D9 T B AR AR K /S 4 4% ik
I, RENE A VIR R R ERt, VI Aitm b
R A AT PEPIRGS, B

2(Gycosx —T —Rcosa)tangp — G, sina + Rsina = 0

(0° <a=<<90°) (3)

Kb o NEAVIERS BRIUEZ N ELEM );
a NBRVIER S BEEEVVEM ) T hE
EVVER S EETUEZMBET (N, 56, %)
IR, T=2G,, A NFEET; R NI S A&
71 (kN).

— ER BN A VI AR T L 8 PR A
WK, A VIR RS R AR .

2(Gycosax—T —Rcosa)tang -G, sina + Rsina <0
(0° <a<90°) 4

JEEA RN B 0 3 a2 fo T AE RS 5 2 PR PR AL AEL

e MNMEER R, HAN—BUNT 1. DUEBEREL

VENVIEARTE R RAGHR G, ATHEH R ha fl =

SA CRR AR R B A VIR R S5/ A8 HHE
yHLsina — Rsinx

tan @ < (5)
2(yHLcosa —T —Rcos )

Bk N DI R A AR E R 5L I

yHLsina — Rsina

U= (6)
2(yHLcosa —T —Rcos )

HTEAVIE RS ERTEEPYEE. BE
MYNEDERIEE , A VNSRS AR, i
JE AR R MR R Sk AR TR E VI AR S5 AN
e RN 5 5 VI A AU SR 3O K

(1) AV AEH

VRS SO LA BN, TR SRR [ E
(C T8, WH EMBUZ MR A LR TAE T
KRB E V)RR GG E R ERR T A VI
1, HJ

sin sin

= = 7
# 2[0050{ ~T(yHL - R)'l] 2(cosa —C)

Wk 15 Fios, ANRa g R BT 5 D) fi 1 i
WRP, KT MG, B DIV ARIR) B K 4
NEATE BB, BAVIRRESI RIS, Lh
S22 SNV SR AR R 7

(2) WS IR EIIEH]

VR SR ASHERS I, MRS SCAR ) EHE
HEBRESHE NI R (X R i) W, e v)
VAR, HIH R RN R M S SR AR K
H VIR S AN E R BT ZR ] TR SR
71, Hp

sina sina

a 2[cosa—T(7/HL— R)’l]  2(cosa— X)

(8



10 3

AT 5 AR E AN BUR A SR AR T T R VIR AR S50 53 Bt S B H 3019

0 1 1 ]
0 30 60 90

HAVITERC)

B15 FrERBEMEARRML
Fig.15 Curve between instability coefficient and roof
sheared and fallen angle

B 16 P, ANFaE 2 BBE IS SC AR 185
TR, R, A VIR EEE D
BUNT AT E BB, BEA DIRAR S KA
SRS ATS I KNV SR AR R

0 3000 6 000 9000
TR SCARF AN

B 16 ARERBEBIESIRAR KA MK
Fig.16 Curve between instability coefficient and bearing
capacity of hydraulic support

5 WESCBRTAR I €

51 HERGHE

BT ORI R BUR R A SR AR T
TR G VNER R AR, Bt — DMy
HUIRAR SRS SO EAR T H 77228,
B 17 iR is s P JR B, TSR SO A
BH77.

B, WREWES VIR BRI R T2
Jiobr, At

G, —N'-2T;sinatanp =0 D)
G, =yH,L (10)
T, = AyH,L (11

Kb G NBEAVIRARE ) (ND; N/ ONEFETICS
EXE S VVERIER D) (KNDs T AR V) TE k(8]

FrIs71 (kND; A N A VIR T BI5 S A 7

LT T S P
4
+ 4+ o+ o+ 4+ Nt

B 17 BEXRSEEVIESIERTE /I #EER
Fig.17 Plane mechanical model of hydraulic support
interact with sheared and fallen roof structure

SR MR SCORM BRI T2 AT 52 100 W

N+G,-R-2T,sinatanp =0 (12
G, =y,H,L (13)
R=7P (14)

T, = Ay,H,L (15)

A: N AEE VIR BERTUE ZEH T (KND;
Gy NEETIAZE S (KN); T NEBETUA 2 EFF
71 (KND; p, NEEETUE ZPIEE (KN +m™);
Ho MBS R IRE (m); n MR SRS RR
(%); P NBESCHETAER ) (KND.

&, Borst (9) ~ (15), H, N'=N,
QEs
P:7/1H1L—2/7,sinatan¢7(7lHlL+72H2L)+72H2L

n

(16)
5.2 SEfI5 i R EHIE
MRIEII7 GOR A E S, 22614 TARMHEY)
K 1.880~1 995 m [X 5 Hh 3K 27 VU R AABUZ T 45 JE P
NT725m, PEIEEN162KN - m3; ZIiHET
YIEE RN 13m, FHEEN234KN m>; HHZIN
FIETPYEERN 2 m, FIEEN 245 kKN e m ™,
TR 2 T R AT PR N 12.5 m, B A VIR K
SRR TN 0.44, TN EE M N 37°, T
PITEM A 66°, ZY9000/25.5/55 HE4 2k S 2487



3020

Inl>
H_

2y 2023 4

BISCHEETT 90%.

MH (16) THEAZ AR RS 2 AR ).
PP,y H L= 18 483.75 kN,
7,H,L=6125kN, JIf P=28364.22kN.

PRl it , B AR 1 78 o DD VR AR S A0 R AT VR
VR SRR AR S Hifif 9 8 364.22 kN, 5 LAETH
L 7 7 1 A - e 0 B O (S W
8 450.1 kN BN —H. Bzt ZY9000/25.5/55
AP 2O SCHEAE TAERR /179 9 000 kN, —H. T
VR & A R A, e N LR B U2 J5
HEIN X 35K, 7 o VDT MR G5 R A T TR R4 K
25 5y L VU SO AR E AR Ty, RA R
FITEL, 2Y9000/25.5/55 g4 AlUE SCARIF A BESE
T FE R B A U T S SR AR T TR S 9 2
R, ERUUE e I BE K TARRH T AR S B

6 4 W

(1) 22614 TAEMFRIHBCKRIEL IR, 25
AN, AR, Wi S
x, EM FULESE, TEBIEIZL, SRR
FROE RIS, Wo KA RS,

(2) BT TARH T R 6 5 S EE) V& 1 1
B, G T A VIVERG P AR, R T
TR E A HUZ R A 47K TAE T R 3 A VI AR 2
AP HERIE/

(3) 437 T R SR U2 A R TAE T T
KRB AVIERGER R E L E R R, BHEA
e B2 HUS 1 E Y A AU SRR AR ) B A R
KR

(4) 255 T 3R EAA BUZ B E S8R TAR T
RSB TAEM I E AR, BEAZ AR S 4
HKE 1N 8 364.22 kN, 5 A i & J5k 1K i Bl 52
DUESH B A LT i — 350k

2 % 3 W

(1] BORE], 555, HEE RERRITRAKGIRRTHH
HORBEFURERED]. BERBHELIR, 2016, 44(1): 1-7.
GU Da-zhao, ZHANG Yong, CAO Zhi-guo. Technical
progress of water resource protection and utilization by
coal mining in China[J]. Coal Science and Technology,
2016, 44(1): 1-7.

(2] FNIEZE, FKRAK, wa, S5 S E IR RE X AR K
RIERHERIARE R[], B AR, 2017, 42(1): 56-65.
SUN Ya-jun, ZHANG Meng-fei, GAO Shang, et al.

[4]

(9]

Water-preserved mining technology and practice in
typical high intensity mining area of China[J]. Journal of
China Coal Society, 2017, 42(1): 56-65.

FEAETT, BOK, PAATHA, AE. SRR IR R A BEJT R A
HRBNE N5 BRI, A S, 2017, 38(9):
2693-2700.

WANG Bei-fang, LIANG Bing, SUN Ke-ming, et al.
Research on overlying strata response and control during
typical shallow coal seam longwall mining[J]. Rock and
Soil Mechanics, 2017, 38(9): 2693-2700.

VPR, R TEE, B, JRILBEIT R L 4L A(]].
IR 241, 2014, 39(8): 1625-1634.

XU Jia-lin, ZHU Wei-bing, JU lJin-feng. Supports
crushing types in the longwall mining of shallow seams|[J].
Journal of China Coal Society, 2014, 39(8): 1625-1634.

By, AP R, EA IR 5 BRI M].
TR AL A H AR, 2010.

QIAN Ming-gao, SHI Ping-wu, XU Jia-lin. Mine pressure
and rock control[M]. Xuzhou: China University of
Mining and Technology Press, 2010.

QIAN Ming-gao. A study of the behaviour of overlying
strata in longwall mining and its application to strata
control[M]//Developments in Geotechnical Engineering.
[S. L]: Elsevier, 1981: 13-17.

B, B0, EE. R WM SR
BT, BB 43R, 1994, 19(6): 557-563.

QIAN Ming-gao, MIAO Xie-xing, HE Fu-lian. Analysis
of key block in the structure of voussoir beam in longwall
mining[J]. Journal of China Coal Society, 1994, 19(6):
557-563.

R, G ORRRR B A N BT 7T S HL S H e (D).
PR 4], 2001, 26(6): 611-615.

HOU Zhong-jie. Study on application of combinatorial
key stratum theory and parameters determining[J]. Journal
of China Coal Society, 2001, 26(6): 611-615.

RIRGL. SEHIF i P M. AR oK 2
AL, 1988.

SONG Zhen-qi. Practical mine pressure control[M].
Xuzhou: China University of Mining and Technology
Press, 1988.

FEEF, A, MR, . RECE R R LR &
VRS BT FT[CY/RE 6 2 1 | B 5 BOR BE e :
33 Jm PR R H 2 W (P )R SCE. bRt R
Tk i pitL, 2014: 41-46.



%10 3

l

EALTT R B E BRI 20K

TARTHIF R B A VIVE R 2

RYAB I A 3021

(1]

[12]

[14]

[15]

[16]

ZUO Jian-ping, WEI Xu, YANG Sheng-li, et al. Research
on progressive fracture mechanism and plastic hinge
theory of deep strata[C]//Advances in Coal Mine Strata
Control Theory and Technology: Proceedings of the 33rd
International Mining Strata Control Conference (China).

Beijing: Metallurgical Industry Press, 2014: 41-46.

ZEA YT M. IS M]. s R Tolk i,

1957.

QINBAREVIC M. Mine support[M]. Beijing: China Coal
Industry Publishing House, 1957.

BENRILAKRE B, AT BE TR CR M 57 5 R ¥
W], BERFHFS % kL 1985(3): 24-28.
HOBELWAITE B. Geotechnical evaluation of the
effectiveness of shallow longwall mining[J]. Coal Research
Reference, 1985(3): 24-28.

WIKE, e, W R TR SR A
TR G FIRTTE)]. JEaR 2R, 2016, 41(H4 T 2): 279-286.
HUANG Qing-xiang, ZHOU Jin-long. Roof weighting
behavior and roof structure of large mining height
longwall face in shallow coal seam[J]. Journal of China
Coal Society, 2016, 41(Suppl.2): 279-286.

R AR 2 A BEJT R R 1 B L 2 TP R
FREFFL[D]. BB L LREHAR K, 2007.

LI Feng-yi. Study on ground pressure characteristic of
shallow coal seam longwall mining and its safe
exploitation demarcation[D]. Fuxin: Liaoning Technical
University, 2007.

AEHETT, XL, FEPOHn. A R BE T AR A S
SEHIBBNRFIEN]. BTITR, 2011, 16(3): 35-37.

REN Yan-fang, LIU lJiang, QI Qing-xin. Movement
characteristic of overlying strata structure over long-wall
mining face in shallow buried coal seam[J]. Coal Mining
Technology, 2011, 16(3): 35-37.

IEAN. P IR G SR AL A BT LB 2 5 3R
AWEFU[D]. Abut: BERBHEH T, 2014: 70-82.

LI Zheng-jie. Research on the overlying strata breakage
mechanism and the relationship between supports and
surrounding strata in shallow-buried and thin bedrock
working face[D]. Beijing: China Coal Research Institute,
2014: 70-82.

s, IR R BT R TR Sh A 45 4 WFFE[D]. 74
VH 22 RHUR 2, 2012: 75-89.

ZHANG Pei. Research on dynamic roof structure in

shallow seam longwall mining[D]. Xi’an: Xi’an University

[21]

[22]

[23]

of Science and Technology, 2012: 75-89.

SKIEEE, MK, PAR, 55 BE B AL
R SHEN]. R EAOILRZE2EHR, 2020, 49(2): 280-
288.

ZHANG Yan-li, WU Yong-ping, LUO Sheng-hu, et al.
Evolution process and characteristics of overlying strata
macro support structure[J]. Journal of China University
of Mining & Technology, 2020, 49(2): 280-288.

S, TS, VWAL, & KR SR TR &8
%—’f&f%a%%*@%iﬁifﬁﬁﬂﬁEl’ﬂﬁﬁim[]] B
%, 2011, 36(11): 1816-1820.

YAN Shao-hong, YIN Xi-wen, XU Hong-jie, et al. Roof
structure of short cantilever-articulated rock beam and
calculation of support resistance in full-mechanized face
with large mining height[J]. Journal of China Coal
Society, 2011, 36(11): 1816-1820.

RRALE, 1RN, R, 55 REERITR 55 21
HARKIE 40a RJRET]. R 5% BRG] LREER,
2019, 1(1): 1-33.

KANG Hong-pu, XU Gang, WANG Biao-mou, et al.
Forty years development and prospects of underground
coal mining and strata control technologies in China[J].
Journal of Mining and Strata Control Engineering,
2019, 1(1): 1-33.

PRI, Sk Sy, TORIL. SR AT A Wi A 2
IR 7 LRI ALI]. o5 7%, 2020, 41G8F) 1):
106-114.

XU Gang, ZHANG Chun-hui, YU Yong-jiang. Experiments
of overburden breaking and compression frame of fully
mechanized caving face and the prediction model[J].
Rock and Soil Mechanics, 2020, 41(Suppl.1): 106-114.
2R, BR, RON, & ORBEE CEW-R-N
SE R LR FABCRMLIRT]. TR 253, 2020, 45038 T 2):
541-550.

LI Zhi-hua, YANG Ke, HUA Xin-zhu, et al. Disaster-
causing mechanism of instability and “macroscopic-big-
small” structures of overlying strata in longwall mining[J].
Journal of China Coal Society, 2020, 45(Suppl.2): 541-
550.

TS IR AR« UITAR 7 4
Lo R[], BER 244K, 2019, 44(7): 1961-1970.
YIN Xi-wen. Cutting block structure model of overburden

Fe T

with shallow buried coal seam and ultra-large mining
height working face[J]. Journal of China Coal Society,
2019, 44(7): 1961-1970.



