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mining height stope, the increase of mining height will inevitably lead to the increase of the activity range of the overlying
strata in the horizontal and vertical directions. According to the characteristics of bottom-up movement and caving expan-
sion of the overlying strata in the stope, the caving space in the goaf will be close to zero at a certain time, it is proposed
that the roof strata that product stress on the support are within a certain range, that is, there is a boundary strata in the
roof, and the concept and judgment method of the boundary strata are given. With the continuous advancement of the
stope, the falling gangue will continue to creep and compress again under the action of the overlying strata, which will
cause the overlying strata to sink many times, and cause surface subsidence until it finally stabilizes. Therefore, the overly-
ing strata from the stope to the surface are divided into near-field strata and far-field strata from the perspective of the in-
fluence on the ground pressure behavior of the stope, the near-field rock strata refer to the composite rock strata that from
the support to the boundary strata, and the far-field rock strata refers to the composite rock strata that from the boundary
strata to the surface. The movement law of rock strata in the near-field is the focus of studying the ground pressure of the
stope, and the movement law of rock strata in the far-field is the focus of studying the surface subsidence of the stope.
Based on the characteristics that the lower composite roof of the large mining height stope cannot touch the gangue before
it collapses and presents a “combined short cantilever beam” structure, and the upper composite roof rock strata present an
“articulated rock beam” structure in the horizontal direction of the stope under the support of coal wall, the combined sup-
port body of support and direct roof, and caving gangue in the goaf, the new concept of immediate roof and main roof in
the near-field of large mining height stope is proposed and the quantitative judgment method of immediate roof and main
roof is obtained. Therefore, the quantitative structure of “composite short cantilever beam-articulated rock beam” of roof
in large mining height stope is formed. The main roof strata that form the “articulated rock beam” structure generally have
one or more layers, depending on the mining height and the thickness, strength, and position of the roof strata. The basic
conditions for the formation of the articulated structure are:(D the possible subsidence of the main roof is less than its lim-
it subsidence (A, < A), @ the stress in the upper part of the middle section of the structural plane is greater than its tensile
strength (0,>>[R,]), the stress in the lower part of the middle section is less than its compressive strength (0. < [R.]),
(3 The fracture distance of the rock strata is greater than 2 times of its thickness. Taking the 10 m super large mining
height longwall face of Caojiatan Coal Mine as the engineering background, the objectivity of the existence of boundary
strata is obtained by the field measurement and analysis, as the application of the quantitative structure theory of “compos-
ite short cantilever beam-articulated rock beam” of roof in large mining height stope, the support strength of the special

stacking support for the longwall face retracement with the 10 m large mining height was determined.
Key words: combined short cantilever-articulated rock beam structure; boundary strata; near-field and far-field rock
strata; ultimate subsidence value; potential subsidence value

[ e [l R S R B e ol TR A

035 = SRR FTIIE TS 24 T R TR H 5

LA A Rl LS 5 B AN W7 T S5 PR ER 1Y
BT, F R BRI [0 5R 3 BRI R 5 £k Al
RR LA, KR ELGER RO LT 3.5~
8.8 m, I HifPRIMELE AT MM IEFEIRER 10 m K
RFEEREAR . KR EEER TAERA R K, et
PR, P AL, A E e BUR T Iz M
FEF B AR B A [, P R =k,
ORI TR s I R340, (515 R0 15 2 30
s Z P IR, R R 8 2R 5 T e
TR 2R LA R TR e J2= ) A FI AL, 2 R
1o SR G e R e ) i AR LA B SR AR BT i 1Y
AL

FE S RAEAT TIRABISE, 31 T “BIARy” fi“x
G BETTO | “fliha ey U SEEE, 8K T
JEIE IR R B TRRE R B B . LA T Al T i A e 4
F L, ITTTRAIE T/ T 22 4 el 3R . Herp, e
JZBRE R R b B R R B R A
=T SR BN R H S B 2, i FR o I
FHEZ, RHEF E MR . ZEISIA N LR
Wi 2 TRk 4 AR P A B RE Bl R
B B R T BER 1L — )2, T R R — 2
{EL B 25 5% w25 B35 0, SR )2 16 sh 11 B S ok,
K S A A ) SR 2 AR A &, X
KR ERGH TEEIEH IS . NI, 2T Bk



1896 # %

F #®

2025 4E5 50 &

HOE S HFTERCR, X T IR R LR R TR A R AR
SRS, BT IOR FER R RN EEA T
T I R A B WU A, AR R EE R TR 25 H 5
R 2 E B SRR R R TR 1 BT 4544

TEMCEERR I, AR 272 HFEA IR R B e 454
HEAT T URABFST, 1212073 S e e SR 22— YR
23 [A) AR A58, X DR o AR THT B4 TOURI L A ToU g A8
SHELT T ECE X, IR T B S o A KR
R TRBSRTYS v 1“3 R - B A T 4kl
VRS, B a0 551> TR T IR R b R e+l
PR S BEE, Jl i LS, T T ORR S B
SR R M MiE B AR
JEREZ T TAR A OFFE T 5, 4410 T3, i e i
R, SRR L TR, S R T R,
TR P I B S A A T AN [ S S T 2

R RARIATE” 45t (% “0-X7 IB), AL

RS (B “O-X"TB). 2B AL T R
JEIT Rz IR, B TR L3 R s 8, 7 W 45 3]
(B IEATIRL Ao L OE R 45 | o B AR T
TR R, —F IR “ BRI A f8 5 Bh
HEBE" it

BRI Bl B2 R 3G, 2R3k
ZE[AIER, FOBL A 4 5 P R R B A A A R A 2R
W o A, 2 BR B R S A TR A o FLE T, FL
ST PR A, LA TO [ i3 (S 5 A%, ol Ao A 3 R
HRETE WS E BAR AT H I DG = (AR TH) E A5 7%
Ay M e 2 UGB 5 g g, i A TR 24514
Wi TE S R LA BRI, LA E R S B FH LI
933 IR, BEPECR - E T RR R R R A
BT o HOC T RR i R % TAE I S22 7 AR T
8 OAR A J2 2 T A7 A — S BT FEL, LR T, A IO
SO R AP, LR A AR
WALOAIE e 2y =N (A EPA PSS (I N E W T N 3t EE RSN
YRR3R/ B, AEEA SRS

BEXT LRI, EH T IR F RS TR “H G
FLE R R-BHC A R A A B, i B AT
WG M ITETTRE TIRAWIIE . ARG R TidR
1) R RS T T K RS e & TR R A X
B v A (] S, R TR SR SR A T A T
A R IEA LI, IR R, 4 TR RN
MR AT i MR KOR iR 2R BRI AR Tl
WSS AL, 20 T R iR 5 )2 N TOUR 9T J 4
PRI T v o FF LU SN 10 m R = T
VT AR 5, 38 B S A 1 i R A AR )
BN, IR SR v A ThT TR 4 B A W 5 vk

THAASE] 10 m R AR L PSS
3 E I SR

1 RRSRFMR “BEEEER-KEER
251

L1 AREXRZ AAERER-KEER HHE

AR

FEUTTRIEEE/INT 3.5 m AT R SRR, SBR[ 1]
B s THYUZ EO7 ) — 2R s LRSS AR, BLRE T AR
SR T BE R B8 8 A R RO B T T T A Tz
RS SRIZA 1LE B R R B R e S D AR
Tt HEA T — i REABIE AR E 19 “RIARE” 4544, i &
HERRE A SN 1 R

Bl 1 R rh R (1.3~3.5 m) FFRE S45H

Fig.1 Overburden structure of thin and medium thick coal

seam mining (1.3~3.5 m)

TR B2 R (30, KR i R 3 TR T 328
6] B S Ik, BUARIEZE 2 B AMIR A 55 2 BE T A
T R AR R B S (EATY A 500 IR A 25 2 B T AR T
HEREH R S PS8, o TS0 AR A &
A —E W HRBE S, BRI YSIEN Y, 7RSI
MELUAT, DL B g5 is s, A TIRR 4% il £
JE, KGO0 T S HR L DL B BB B A 2R
TR R AT (AL B R E A )2); X
BT R AN I — 2 T S 22 2 A S [) )
BEABE, N U RER, BB A
JE MW B R T A WP IR, P AT AR
“UA BB A, T BT AR A R
T2, Bl T AR T 2 A B 2R T 5 2 BRI T B
PR R, UL B3 s s 8h, XIS ER N
TR RIGIEATI, K A IR 25 R AR A 2
RS FIFR N “4LA M B R -Beea i giit,
e 2 Fros.
WE RGBS AR E, KR m R G EARTUE
JLI BT A 5 e R R 3 S AR T Y



44

D6 AR TR IR “AH 2 A M e SR 4540 1897

2 R DN A R R B A R S5
Fig.2 “Combined short cantilever-articulated rock beam”

structure in roof with large mining height stope

1 BRI SRR —E, R X RIET “Wikge”
LERY E SURRAE 5 J2 W 25 25 B i) ARSI )
USRI 25, DR 4 TR S L G TR i 254, JE
GERIRR N “EATE” , N SRV 4 1 T B R
Pk AT RN N S A P (|
KEo

SCHR[13—14]B5A T AR @R Ttk “. /N A
WIRIERIBLG, LA 5858 B 3z sh iy R U 39
PEB I, JECR /N R s BRI TS 2 A
SRR BT Sh BRI, TR SR R e
12 RRSRF EAEEEER-KESR FHE

EHEIAR

UTARRBEE W UG R R AR At 5k
A IS A IR AR SE RN H, IF-25-6 B 5, X it 2
WA T2 RGN, FE A

1) H T AT R w8 R, A L4 TOURI B AR Tt
INEL B 45 “Baka it siib s s s
F—feofi —ZEEZR, BT TARHEER 5 -5 TR
R BAARRAE, QSR SR SRS

2) bt TARHERE, KR R HAE T, ZEACTI
H1 R 1] B SRS Vs O F e i RS R R R A
X B S 0], AR A 2 b A — a2 A
BN DRI T, %00 2 A 2 BT R T 14
iy, X Jm UL o 2 A 2 R S Y
Feid A, IR IMORE X — 5 SR AR A X SN = A
MRS, W LUR R F AR Z o SR A
T Z AR, R R EEA =

3) RRm R HAE W Z 552 Z A R JEA
DA 2 B B HEA e e (D SEATHAT g
DU/ NTHA R F U (A < A)); @ FEARTRSE 4 i 7E
AR R R TIPSR (0> [R]) HA#
TR R B S /N T HAURIRE (0. < [Re]); B )2
SUPHIRTIIERER 2 4%, b, AR RE T Ui
A P (1) TR E Y

Am =H_kazihzi_zkpljhlj (1)
i=1 j=1

St RS ko 5 122 0 TR ORI B Wi
JE ETHE TSI B TURR k45 R HEATH
FEY T 250, 2 1 3 T 9405 2 0 B A5
W R IEATI R s A TURAC.

R (1) A3, 2 H = ) kb= e B, 44
J2 17 R T A T kA B T2

SEF RS “Al A R e R 2ty
BB, 4 T XM T e e R o,
W R 5 T 5 T TR 48 4 B
Jo2 R, U AR 57 T 5 e e 3
R B r, AR5 R A TR “41 4 A
BB AL T
13 KARERFEFLESTHEE

e R S 1 ML BT T AR e,
R, ST R 1 | i
VBRI S R X 2 L, AR
TR AT RS F YR T, 117 3a
. B TR ARSEE, (0 R (R ms
K B B TR 1 R i P 72—

| FIE G (S

NS

N s L

NI

{1 = P o T I

(b) 7853 FESEH B
K3 KRR R B A s

Fig.3 Overlying strata migration situation of large mining height

stope in different periods



1898 # %

F #®

2025 4E5 50 &

AL AR UL, AR XA B AT a 5 B )=
)2 8 22 2 ), T I&] 3b R, SEGS A4 2 A T
PR, FE Y S R, RIL HR AITTRE .
AN R L B A AR ], A7 0 e TR ]
MR, AR OB 22, 32552 TARTER . M2 HR
AR AR S R A R R AR5

ET B, # R DR AT T LI 2> 2
AV AR, R AR ARt R F L
A BGRZUA T LB ), R N 5 =18 32 xR
Gyl e A R, DR MRS X R At 25 5 0
froa E L MO )=, M SCOR B R A A
7o BRI A ZIE SRR TEIR K
H, BB TR A X B AT A 80 UUEAR IR 2%
FAE T I ERORAE, NI — B Befr AR S0 RSB BL
WG T A I RSt L BN A R e LA
JEBIME R OO A 46 R DG, (AR S IXCE v
b 7 AR AR RO, RIS Z AR 2 L R R
WU, R 2 SN B R B A JZRR I E =
ARz s S AR T SR DO 1 B, B
Berh TR X BT A 2 BS540 . F UL e flifs
1o o T2 R i H BRCRE , [R LaX — B Be kol 7250
JESE BB

LSRRI, X S AR T T R A TR
A — 5 SR, HFE DD TARRER & A JRIRE
HIZREE, VL EIE U B A G B R
14 KERBRFOAEFEHERME

N T B UE KR 8 R B iz 2 1 B BUORFIE L K
RS AT AT AR AR T8 30 RS2 [ BE 2 I REAS )™ A= i 22 A%

2d e

1047H 5 6 1158 4%

104THITF R [ ] 10418 MG

VL, 5 2R 5 TR 321 P2 A6 0 WP, MR A 32
FTIASTE A i AN R U AR AR T 50007 <

M 1 o — eREPE TN, 25 eIk B N I 2
Ja e AR T SSFREIR, RIVE G 0 ) SRR AR AR SRR AR,
FAOMIREENS KR R ARTE o ST I, S M RIA TR
V%52 IR ARIUAT B, Z TAE I RIL s m, R2s
X ToMR [ R T Y5 I R A e, R
TAE T T 1) A, {8 TR ) B VR ATt fin ) AR
1, Fa S R SR A 7= A TR 4 AR, HAE AU
SRR AR S A Z R R U RHES
PR Z I B2 [ 2R, IR i A, 5
UL, R B R Z A Y 2 B R 4 S, LR T
Tk TRE . I, SRS KN R 4R AT i 12
A~ 55 I (AL AH OG5 A8 i A, 2 B ASA A 4

Gl EN e SUE YN IR UN Y S &

BEXF A, BE T M e T 0 S I S AT e 1
FLEMT . Z MR 10 m KRS 122104 TAE
Il [ 2023-05-29—2024—04—27 X} TAEH# T Uik
77 6 IS MU &, F A UL s AT D1 R J=
J7 8 m FUR, Wy TAETHHEDE J7 ) ZE{H 1 800 m, WA 4
JER o 4 1 IR SR 4R T 2023-05-29, AR M 7E
2023-09-26 FEA7 2K, 1E 2023-10-07 ¥EFT T 46 2 1
Ba R4, BUA B R B B R Ui ARk, B AR
3 1 (2023—-12-06) JT 4 Bdfe SR 4 Mt B 2 0% R L
Ak, WAL S FitaR o Horb, &0 i R A0 Y 3K R T
ST 45 T8 ] S0 S T A b 3 P 0 5 1) v R O 2 2 1
Wb E AL, [FINEEE 3. 4. 5. 6 WIHART T/ 5 F
VIR A 4330 275, 1154, 1425, 1 768 m,

i
i

T L R

4 122104 T AT b 2 TRE W X 355,

Fig.4 Surface subsidence observation area of 122104 longwall face

MR P 5 A ) R 09 s 3 R e 4k nT LA
b T UTERES TAE T IR E B, aniE e T
YETE FF PR 100 m B, 55 3 A9 FUTEACA 63 mm,
{HAES 6 WIMTHART I R Ui A E] 4 281 mm, KW HE
T T UUR— B WY A L AR B T AE w2 i 2 Bk
TEMIRES X, Reas X R RA It I, 4
FEER S WHSZM S, TAETH 5 75 300 m v AL e T T
oM 48 mm, TAETS 75 500 m {3 E AL H3& F iiE>

4 841 mm; [F]IF, S[R30 A b 26 R U B A BT AN TR
HrP B T AR TYIHR 100 m 7 B AL, 55 6 11— 5 )
HEUEH 104 mm., 55 5 125 4 WG 0ESH 57 mm., 5
4 W55 3 WIIGIE A 4 057 mm. SEINEE R, Reas
XN I PE A A B R TR A HE RS & AR T S R 4
I, A m LA R RS K G T S i, 3
A S 4t 2% T ORI I A 2 e 0 AR B, BR T i,
ANFFI2



%4 IR A FRB IR BRI TibR “H A R - B A B s AL 21 1899
1320 L
13m-* | R
JE0 —— B3R Ak
= SRR
1300 o RsHIER A
g P FoMfAE L
# =R
E 1290 F y
® SN
=) o
1280 | N
} 1-6
1270
L AE R T 1) 1-7
1260 1 1 1 1 1 _ -8
37405600 37405800 37406000 37406200 37406400 37406600 37406800
A e T 1] AL AR
5 104 TAETEAE IR T it
Fig.5 Surface subsidence of 104 longwall face in different time
N NIE S 7 = l2
BG5S IR AT R, SR K B R A A=h- lj[ ] )
oc

FEARFE O IR SE T BHE 2R 1 i J= 0 R OL, FFRHWT 1
1o S TR R R SO T 12138, TR IHE X R 3 S 28
AEIEZ A — R . BEF RS, R
73 DX A Y B VR A K AR SE 23 T S B B I D 5803
Fe SR BE, 1X— WP R 25 X B2 n R Ak ek L,
{ERY B BT e DXk, PR 5 70 e SE B B ) TR
JZ R UCRE AN SRR S HE IR

2 KREBTRESEREENEEFIETE

21 KARERGEETMEARTCEEHHE

M TR —UCR R R, BlA G s B K,
— R R RER A, T i 50 SO i AR T
AERERBE R , (R LUE RS A B s 1, i
ARG mas kg B CAEAE, B LU TR A2 1 £ i A
WL BRI R w8 SR g B TR AR TG 7 SCAf S R
R R LA TR HEAS THE

SCHRLI3 T IR R 9 AL DU R AR PS5 R XE
PAfiit, ELLLBER 'S S5 R 0 4541 5z gl
MFEATIUE JZAE R IERERTT | SCOR5 HAR DU 52
P SRS KR P A B S R AR 1) I Bt
AL

ARG R R i 2R b A TOUMIRE AR TOU T2 B 7 25 9
R B HAE BRI, A5 8RR 2R ) B T AR T
fR E 2T, B

T A= An < ORYTIACE J2 4 KR o ELAE TS
J25, SRl PN B PR 22 T I TR T 254

W A=A > OFY THCE JZ O IOR i SR TS
JZ, WIS BN RS R AT A B At

Horr, H 2 R Tt AT R ) iHHES
@J[M]

A RN R R, my kol F 8, HOI LA AT LB
k=0.1h; [0.] = (0.3~0.5)R., RAPLEIRE, MPa; g N
R AT, N/m; D )2 W80, m.
22 RRERGEZEE B AR S ARMHE

R R o B VU J2 W T 5 Vi R i ) R, it A2
Aj— Ay < ORI A 20 B TUA 2, Hid AR —A>
FEAEAEL, X T3 —HARMY R S50, B TUE 2 R
FEh . BURTREER. . JA AL BUE A0 E 1, Fr AR
UL AEA B . AT BN U0 A IR E R
T H | E WK R Bk, LA B TS 75 TS R AR R T AR
b, J—EAME, XFREE R T2 S 5%, 1224
SRR R AT R, BEE R = HIWHE K, FTRET
TUEE A BT AR IR, (0 2 15 A — A <O I
JEVE R, WAl 6 FR .

TR A

Ko HLDUAZEESREMEZE FIRER
Fig.6 Relationship between the range of direct roof and mining

height and rock subsidence

PR IH 0 7 T2 L R e TR A 22 Bt R o 2 ] R ke



1900 # %

F #®

2025 4E5 50 &

L 1 S L SR, BT A T T2 v L
SN, RIIR o R S A2 1) A i) ) B 476 B3
ARy | PN

3 AXRSXRG HAERERREER &
¥af& A1

31 TRERERATIENEN
MG R A5, XF S 2R P AR T i TR A 2
BRI BEATIUS 22, AR e R ) 42 T 5 A T
HENA R R Z)RAR, HALR L 17X RS
MRS a2, B R ZNE)Z . XEA)EA
TR R R E A T SR, P TR 2 AR
T I 2 LR, — SR TIE Fl N A
EAEH T B ERPE T R 4D FE N )2
TER TR B 1. BT, B RICR m T “H &
B R R T SRR T SRR AR L
i, AR BRI R — =G RN, Z G IEH
SN E . I, KRERY “AA RS Ry

Y SR T SR RVE I 0k
P:ZPzi+ZPlj 3)
i=1 j=1

s, ZIPZ%E;@;@ “ELRFI” Beb TS L

s Z Py AT “Beie i 32 SRR T B T

R VIE
301 FARTIUG T BT
KR i FEA T B 7 b 45 BT 80
B BIVE 0 12 A & 7 R . AR rp AR T
13 1 BT, Pyl B HEARTIE 1 2555 1 FEARTH
BIPEI 15 R 5K B ML G 5E 0T 85 B SCHE D5 O
NERPAAM, A ; PRy FAUE R XSS SRR N, i
IS, Py = Ps; Tvn . Fun A SBR[ AH L5
TI S EEE 15 Ty R R ARG AR BT 17 0 K4 g,
’f/EﬁH"E\EX 0.5a ﬂ‘[]], a=(hy—W1)/2, Ty = Tun; kiS 12K
B I S PR S T

C et e it ] AR TR ) (I AR T (B %) [ 34 522

(a) “EEHEH R O

(b) BCEEEE ) A

7 HEARTH “Eetien B S5 2l

Fig.7 Mechanical model of main roof with “articulated rock beam” structure

XS D AR IR, 73 B AR TR T B
TR T8
11

1=—|7
)C22

R Owmi (hi + hygcot 6)) + P3x3 — Fynw X

(hi + hyycot 8)) — Ty (hyy — Wy = 0.5a) 4

K Fun =P+ Oni —kiS 1, Tun = Fun/ f5 ki B V%
A BRI, N/m; S8 B bEA B RS, m; oSS
FAERAA ] R4 KUK, o A FH T Ry BEZS G HAR M, 15 e
SRS, my xs VR T P EE 5 A B M, 5 T i 1)
FRES; 0000 5284, (°); L N5 1 BEARTRAS ik
KB, my by AR 1 SEARTIR S, my W5 1 AT
SERYUAT DU, m.

R (@) (A — 2 FEARTIN E A /ER 7, WA
ST A A TR A TR E G T R

1 (1
R, =x_2 ; [5 O (L + hjcot 6;) + P3xz — FynX
(llj + ]’lleOt 91) —Tu~ (l’llj - Wj - 0561) (5)

FIEE 1 ARG 5 1 BT (0] A 5 2 AR
Tt i A v A AR BERLNE, R IH AR THUIE B )

“BHCETE SRR AN A 1 BRI
P1=R1—k2S1 (6)

Hrb, ko 5 1 EATS S 1 HEZ A )20
MIEE, KN/m. 55 1 FAETUN SO0 550 1 2R
T,

3.1.2 HIEDWEH TR BRI

F IR BBz 7 SR AL 4R ELEE IO N
T3, XPES 1 HETHAT 32 1 40 A, 1Al 8 BN . AR
W T A2 0 ) E A AR AR TR B 455 | B TR



55 4 3 VDA FE R RR I R “U 3 - A R R ka1 1901

[0 et F P [ R ) [ A TR B ) AR

l [~ X |

~. -
S~ P
S~ .
-7 S
- ~
~
H ~
~
~
~

0=

I X,

(a) B PG )y AR
8 ELHEIN R Y LA o
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Table 3 Technical parameters of ZDD28000/33/68 support

B AF HASH
Liess ZDD28000/33/68
SCBRGE Y 3300~6 800 mm
SCHE T 1700 mm
WIS 23 844 kN(37.5 MPa)
T AR 28 000 kN(44 MPa)
AR 2.84 MPa
A T W T AR R 1.83 MPa
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