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Abstract: Since widely accepted by international scholars, Voussoir Beam Theory proposed by Academician Minggao Qian helps the re-
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search on underground mining pressure realize leapfrog development from the stage of qualitative hypothesis to quantitative analysis. In
the past forty years, an integral system has been formed for strata movement theory and strata control technique, contributing to safe, effi-
cient and green mining of underground coal seams. By underlining the voussoir beam theory, critical developments on strata movement
and its control have been reviewed. Important topics are proposed for future research. In the voussoir beam theory, rupture characteristics
of main roof are studied with beam and thin plate models. It is revealed fracturing line of main roof locates ahead of the longwall face. Due
to supporting effects provided by coal wall and caving materials, the rotation of broken blocks of main roof results in the occurrence of
compressive force, forming the voussoir beam structure. Both slipping and rotating instability modes of the structure are identified. The S-
R instability conditions are determined. Based on such understanding, determination method for roof load is proposed through keeping the
balance of voussoir beam structure, realizing quantitative analysis on the relation between hydraulic support and surrounding rock. Until
now, the voussoir beam structure stands as the most impeccable model for explaining underground mining pressure. It is a major break-
through for conventional qualitative hypothesis, which makes historic contributions to living safety and working efficiency of the miners.
The Voussoir Beam Theory further brings about many achievements on strata control, including three-coupling relation between hydraulic
support and surrounding rock, dynamic load model for roof control, medium plate model, far-near field model in longwall face with large
space etc. Based on the voussoir beam theory, the key stratum theory is moreover proposed by Minggao Qian in the middle of the 1990s.
Mechanical relation between different overburden strata is established during movement process. Coordinative analysis on mining pres-
sure, strata movement and surface subsidence is realized. The Voussoir Beam Theory and key stratum theory provide significant guidance
on the research of coal mining pressure and strata movement, contributing to a series of theoretical developments, such as mining pressure
control at the face area, mining induced fracture distribution in strata, mining induced stress distribution, strata movement and surface sub-
sidence. Such achievements serve as the foundation of green mining and scientific mining. Further development of the theory should pay
attention to unified field theory for strata movement, strata movement based accident and damage prevention technique, strata movement
under complex mining conditions, visualization of strata movement and intelligent strata control.
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0 3| - BRI SE N30 325 1 T BB A BT A T, 18 S 4
= WA e TR TR Rk . R0
BT TSR B A I S K B R TR0 3, X 1 77 SR 2, M DL B Bh ey 22l

THAZ SR G SR N ) B M o0 A, R T RE FA AR
R A Zsh, NG — R0 1L E ) BG,
Wk, AE | = FA SR, TR whifi b
ISR RGZK, MR F U, X 2Em IR
10 BRI 2 A PR R BERAPA R T i 2 A
sE, L, AR AR S 2 0E sh A LA R = il 1L
FE I G — ERR A Mol & FEMIE A B Y 32 24T 55
Z—. RIEHEMEmICSEY, REAORTHEARD
A AR, CAEA5IE tAUE MR & R EIVE . R
HE AR 2, SEIFIETR AT 35 50~60 m, Wi AT 35
1.4~2.0 m?, FAR RS BE T 3K 1.5~1.8 mo FFIR M FIHE L
o B EBUHRE, B AR RS, T
BT H AR . RO E ZH AR K AT R
T 15 2, 1487 AEERIMN HBE T (Bl 1k R T A 1
WL E ). 19 142 30 4R LU , 76 LA
i VR FRECRTER, T B IR R AR
TR FR B TFRIG S B REIR, 8 48 o — gt
B R AR PP IR RS (R i, IR T — S AL

20 L LISk, B FF RIS H 258K, 5010 E
JIFASCIE Sl £ &, 30 R A G i & LR
WFFEW LR Sy ), 75 20 1L ) AL 2 il )

Bt rik s R ZiE s . ik, s
BT L IR, LiAE R IR S g
(PSR 2, I S MERR B LU 248 s
20 2w A T IR R YA 2iE 8 58 LR T
B, Gn s 24 F TG 7E (K. Stoke) T+ 1916 4F 4 H
[ B R B, M 5T (W. Hack) A1 75 BL 36 /R (G.
Gillitzer) T 1928 4F-42 9 “FR JHE” (R Ui S5 . i
FRBEFF R F AR BIHET D, LR 2 12 sh i
FOR | LR BT, B I8 0 5 2R AR
(Kysueno) T 1950—1954 4E[AI# ) T “Bed i He”
B, FERIR2E 3R (La Paz) T 20 40 50 4F4X
WIBE T “PUS PR Bidd. iR — e R
YR IR B A2 S s T 2w
JE T B ZE R AT T e MR
Wil 25 BT TSR B AR 11 25 A 6 o s 7K 1 i
e AP OSSP Ny [| NS
PRI IR 22 42 R T 2R, HOG RS L R b 47
FEPERAR ARSI . FRIE RN = B AE B
“BrEEE Y UL “T B UL SRR, 5 A
2 TF R AR T RS s AR 1) K B 37 UL A5
T 20 42 70 4R E 80 AW T A ARZE R Y
81



2023 455 1 14

#EHFHAK

%51 4%

“RDASE” AR, FE AU N E R TR
BB S AR E AR . 1982 4RERNS = e 1+ 7E
B E PR E 2 ek BEEE T (KRBT RE A
SRR S HAE A 2 4R R F5E) (A study of
the behaviour of overlying strata in longwall mining
and its application to strata control) 5 3C, #53| T {7
FREO L R L A BV, 5 R
Ay N AR R B Ak R A B
Rz R, IF T 1989 AFR4RAG TR R G —1
KARFIEAL . [N 1982 4F “WIIAR " BB RIAL7E
LN ZIN BAEA 40 4F. 1X 40 4958,
F B TT R ARG T B R, IR 55 T8 TF
SR B B S R Pl AR S T ik,
T 28RN B YRR e, DL SR
HAY “OCHEZE” BE | S ETFRABR R 2 AR A,
FHEE AT

1 R =i

“WIATE” BISARIAN R 1 R, R R R K
BUERN I R =T R e =T o TAR MDY
fi] b A0 SEBE SR X AR X)L B R IX
B (1 DX FIEE T e 52 X COR IR X)) 5 18 BT 1]
T ALEE E Al T G T RN i R Ui I

TG BREXRAET N R DO E R Al REIE
BN ESAGIEAT T RS L 12 A S, SR
TR TR o AR B 5% R e nTE AR DL,
SR LA T T RERE FISR 23 X E v A A1 O SO > 4t
BERG, F HE SO IR S5k A 2
SREEHE MONTN, SCHEBZ [RIAF FE 45 fi i, SCBEE M
[V RSB N 1) [l B A fih s KB TR T,
NEEH T BE T AR B T AR, R
PRGE” SRR ZAL T B P IR, 4 A A TRk

EEES

FASECRIIUORIE. 3 “BIR” S0 17355
744 A LA A 9 (Siding) SR A
# (Rotation) 4K 2 ISR, JF4h 1 T 4K Akt )
R,

A—RBESCHEPIA ; B—RRX; C—EFHREX; | 5%,
—sei s W—2il Ry
H1 sREshsRKER
Fig.1 Zone division for overburden strata movement
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