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Optimization of cross-sectional shape and support parameters of headgate in fully

mechanized coal seam with large dip angle and close distance

PAN Kun1’2’3, JU Wenjun1’2’3, WANG Juncha04, JIA Houshengs, HOU Bia01’2’3, WANG Yinweil, ZHANG Zhiming5
(1.School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China; 2. Coal Mining and Designing
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Sichuan Chuanmei Huarong Energy Co., Ltd., Guangyuan 628200, China; 5. School of Energy Science and Engineering, Henan Polytechnic University,
Jiaozuo 454003, China)

Abstract: Aiming at the problem that the asymmetric deformation and failure of surrounding rock frequently occur, making it difficult to
control the surrounding rock under the conditions of multiple intense mining actions in thecoal seam with large dip angle and close dis-
tance. Taking the headgate 31233 in Daichiba Coal Mine as the engineering background, the mechanism of surrounding rock deformation
and failure in roadways with three cross-sectional shapes under thecoal seam with large dip angle and close distance was studied through
theoretical analysis, numerical simulation, and on-site monitoring. The optimal asymmetric roof shaped roadway cross-sectional shape was
further determined and optimized. The research results indicate that under the conditions of intense mining of steeply inclined coal seams,
regardless of how the roadway cross-section changes, the form of surrounding rock failure always exhibits the maximum depth of failure
towards the roof, and due to the strong stress sensitivity of the plastic zone near the upper working face area, the range and depth of the

plastic zone reach a maximum, However, there are significant differences in the overall failure patterns and distribution ranges of the
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plastic zone among the three cross-sectional shapes. In contrast to arch roadway and inclined roof right trapezoidal roadway, the asymmet-

ric roof shaped roadway can adjust the height of the left and right sides as well as the angles of the left and right slope tops in response to

changes in surrounding rock conditions. This adjustment leads to a more rational overall stress distribution within the surrounding rock of

the roadway, enhances the controllability of rock failure, and improves the utilization rate of the roadway cross-section. Based on the dis-

tribution of the plastic zone in the surrounding rock, an uneven control method is proposed, and engineering applications are conducted.

The comparison of technical and economic indicators before and after optimizing the cross-section shape indicates that the uneven support

method significantly improves the control over surrounding rock deformation. The research results provide an effective scientific basis for

the selection of cross-sectional shapes and the optimization of support designs for similar roadways inthecoal seam with large dip angle

and close distance.

Key words: large dip angle; close distance coal seams; mining roadway; shape of roadway cross-section; roadway support

0 3

W 5 ¢ TR i 2 380, A TR el fj o
TFR RN N IRTTR A, RABUA T B M2 T
RAFOLHH B T REEEYN, ERBRPER)S,
TIEBIRZAE T RS X RBERE T 5, 2 3 F AL AL
I ST, T LR TR 25 1o A A2 H
P IR 2 131 ISR L 3 D
TETHE AR AN 53 34 T7 AN I KA T R B 2 4
i, B A R A AR AR, FE5 ] K
FeR LS SR

X2 W2 RETF R Z [ 2 AR AE Al
DA RAGUf S5 26 AF D A T8 LA R R LA K Bl 4%
e ST S PN R A 38 N = &
VB X UL BB R AL Sy SR IR SR, 4
AR SRR B A A 6], SR A R B AT A R 4L 5 7 5K
AT TR0 X B A4 3
EYESIRIME, PR T =R S TEOR, RIZK ) K
AT 22 1 AR TR A TR A 2, A 12731 5
FEZIREE R e TSR £l W AR
AIH R F B AR, BT o XS A I s,
FR T LBl 28 S 3, U B S A O fil 2B
AP HOR . SRR G B I ]
AT T 028, AR OB Z RO OE B SR B
LB Bh A R AR, T P AR A [ Y

i

PRSI G 2 2 IR SR B A R A . L A2

XIAO %51V 1 GAO S5 % B R AU £ 1t J2 68 3 THUb.
REICREA AEXTFR B R RHAE, B 807 1 S e
FE TR Hr R ol i 3, P R AR R = M
HEER BT YIRS, LIS 1 A m ™ &, b4 i
IR AE TN F7 | s X SR AL AR, BSCR
PR RIS S22, ELLAEENT £t A fi A A
JE WA MR AR T Z shak e m 2 th B T, 45 4%
SRS, FEH RIS ST A SR

5 IR, 77 2 27 5 38 2 O Ak el 2s 45 38 W 1 B
ARAH B R 55 A0 IEL 5 Jmy i 07 ) S rh R B, DA S B
X 538 [ A AR T i R ¥ il . ARGUELLES-FRAGA
el GHOTBI ZE U7 1 LU 26U B 9% T 4 38 1 i
TE R[] SR 5 3 o 1k ) S i, & B TR 4538 [l
R ML KT AL AR TE, X T A A 2 a2 i [m]
KA LR IR . BRI 0 TR
TR VR 1 A T ) R 2 B X 7 g AR R R 43 A R A
Wi T A E W TR, HESCR A R -+ AR+
KW IE

A LRI 31233 s s o TR =, A
T IR 3 B R AN (] T T T R T LA AR T
IHLEE, B2 T IS W AR, $2 40 T 3T 451
FELE SR X o A A S S s O vk, IR T T 3%
SC, 25 R R AL R S AR A S
Xof Pl AR s o 2 SR 0 S, 3k SRy KAV A U A2
A AE R s S A TR BRI AR T AN A 2

1 IEE=

RIS H AT R 12 S0, RIS B A 12
SHES RN 22, FE12-1 SEEEE N 041 m,
122 SHEZIEEE N 0.63 m; 31233 TAEMIHEYR 520 m
£oAT, TAETE AR 770 m, 42 S 1.95 m, 2l
JEHE 1.04 m, ] Je— 2 PR EE 2 0.40 m 1)
o, B2 45° ~ 56°, F¥fiff 50°, 5 L#B 115
R TP B A 5.3 m, J& T IR 5 R £ T iR
BE . BENTU KBRS SHE, B
FETOUA I Ao R AR B DA S I, BRI
SRR R R ZARVE B, 31233 itk 5245
FRGFLARIR I AN 1 s o

31233 iz AR AR B AE 12 52, 31233 T4E
1w L #R Sk 31133 TAEMIRZS X, 31133 [H1R T4 i =]
KSEHERT R EE I 1 a, HTAEW R 2 X 23
AfGsE, BIXE 31233 AR A A A B, 31233 TAE

13



2024 45 12 ]

# £ M FH K 5550 %

A JZ )5 /m

11504 0.95

HIRREA 1.95

(M
‘ 1150 1.42

ATJEE | 240

ALY A 1.20

WA | 2.10

HIRRSE | 039

—— 12-154 | 0.41

pp————— Jett 0.40

12251 | 0.63

WA | 2.20

ATRE | 2.00

WA | 2.50

!

B 1 R 31233 S B 4 AR AL AR
Fig.1 Borehole column diagram of rock structure of headgate
31233 in Daichiba Coal Mine

T [ SR B T A 4 NF, 31133 R 7% 2 4> 31135 [1]
K TAEHZA 200 m A B AT TR, 31233 TAEMH
5531133 TAFM. 31135 TAEMAZE ERNE 2 Fn.,

31233 TAE

3113508 XA \Q%

B2 31233 THWS 31133 THE® 31135 THEm & H 0
Fig.2 Space distribution between 31233 working face, 31133

working face, and 31135 working face

2 BEBRSWIMHERZmMER

21 BEEETHRFSE
A0 I L SR 38 ph T 2, 7
14

A E DT S A R B ) 2 A R e A N,
5 I3 N, Y1) 43 Sy MG R s TR S v . Bl
Y DL R A5 B R FRAE 5 R RVE E A & W B A
)02, 31233 i A I an sl 3 B

e B 1L 20 3 400ldER 31233 BRI AL E
B3 31233 R A AREH
Fig.3 Asymmetric deformation of the haulage roadway 31233

31233 iz AV K A B2 F 2R
LRI 3 ANMERAE: (D 0 Tk 30 I 5 A A8 T B3R,
TiAER R RN 202 mm; @ ZEMIEREHE A o B
A FIERAEL, SRR 2R s B A MR Se R A
LEMMBAE S 4
22 BEEETHEHEAZMEZE

PRI BT . 538 Bl 2 BE ) 2 2 80 46 S 36
B, 31233 iz kWi IR AN G318 . TR 2 A 4510 He
fEWL I, HAS 3 2R AR 2 2B R 1
AT A MERE, I I A T BOE 8 A HE X RR AT i
I, BARS AT

DB BT RA GG . 2R BRZ IR SR
PR, o T S HEE Wi, 5 O S T G AR T 2
TOURR A 2 i, I AR R B G TE h W ta, SBPE R IR X
TR 2 i — A 14K, [l At o3 T b A7 8 A 3 1 1XC
5 R TAERRSS XN XY A st — B
A, B A AR M AR

2) WA B2 A A A AR A A, HL45 43 2 0 B 41K
12 SRR EERAR . HBAT R, H 12 SHZEM)
DIV SA RN 3=, 2 T00M [ R AR Ry s s e
o R E  ARIEb . R ITIA, e R, 1
ZWRNER T Z A B2, weiE., H 31233 55
AR TOUR e M A R | AP B RS, TOURRARME T RS
g5k, ZW R IG 575 & B 2 8RR E T,

IVEE R, —UCR3NA LA 31133 TAE
T SR 25 DX 30 368 18 A 1 0 B 8T 43 A, R Bl 28
T 31135 TAET PR HBLE R IR EE” (GRS &
FE &) LG, T8 B R AT SR R ) 50007 3K
FE S RHZ AR B, IR KB 31233 AT



W AR RMURITH AR SRS R W AR 5 S SR

2024 455 12 #8

AR 01 SR 2 BGRB8 e 3 X2 18 B R
1M 52 SR Bl A TR [ S A 22 T B8R Y S i 5 T
?O

3 AEEEEERRE S BIRYIE

3.1 AEBEHEMRNZESH

R ot I 45 ) BT 5T T A S AR
R FAEIE B 3B I [l 0 ) SR AR R, AR
AE TR R EA Z AR RN R
W BREIR AT A 0E 2 0, RAGUAIEIZ P o5 FE IR,
JO7 P ) A T B 1 2 2 T B SR AR I L R T EL A
B 38 AR X AR R DU AR, T 1w i g2 4%
PR 5T 3 TS T W IR 003E I . T2k sl
SRR, A8 DU 52 1 4y 2808 30 Z M RE, N
V3 — R, e ] T B4 A e, IR AZ R
ZHTHE 2 F L
3.0 BBARE TR A 5T

A ARG 0 BN, R BB IE B A R
HIZHBEEMT, HEEHN ) ¢ W20, WHHE &
T TR AL B Ak 52 B A K1 128 T, SIS B Ak 52
BIRE B F, BTS2 SRS WA 4 Fos .

q

2/

(a) Bik2)

(b) Ttk 32 7)

B4 HHEEZIRE

Fig.4 Stress state of arch roadway

SIS ) IR S N S S

Fl—qlz()
1 (1)
Tlhl—fo xqdx =0

(D) AT

Flqu
_q_12 (2)

= 2h,
Ao BB R —2F, m; b, WEERE, m; g N
TN I, g= yH, MPa; H N4 E TR, m; y
FEH)EAE, KN/m’,
3.1.2 #IR A AMTRE R ) AT
AT WAL AN A B L, B AR E LA )2 R
BN T q Y9515 A, WITSORR A A7 i Ak A2 30 0 7

F J3 00 Fy, TN 7 1 o B Ak 52 ) B J2 8] 55 10 75
N Py, KBTI S AR K T7 1) 1 3 iR T, AR
Ji 16 {9 73 O R,, A& H T Y 2 SRS A 5
NS

q y
q
\ l l l R, P,
< 0
T,
by o 7 [ X
(a) #4527 (b) Tt 2 7

s SUEAMYEEZ RS
Fig.5 Stress state of inclined roof right trapezoidal roadway
R 1 Z oA U, AT AR R R P
F2 = ql + R2

1
Tzhz—foquxzo (3)
P =T;+R)}

P (3) 14
_4ar
" 2h,

gl’tan 6,
Fy,=ql+ ———
2=4q 2h,

_qP VT + an’,
2h,

Ao 0, HABETAMRA, (°); hy AT H 0
M ERTHET S ENER, hh=I[tan6,, 4
0,=22°0F (EPYHIRIBAFE ), hy = 0.4047, m.

e (4) 520(2) 0T W F>F,, P>T,, TG4 E
oA rvacs A (9 2R THT (B D/, 4% T HE A7 AL i
MR SER R . R (4) BE— 20 4Bl %, Bl T
M AW 11 38 K, Py /N, T F B 388 5 TR 7K 7 R
FIRTRMRAT F 247G 5, RIZK PR ) A RAE R | ToidR
o ff A, 0 LR 7 3 im ok

J T AEF A AR R AR 18 [ 9 4 A
FHET KRR R . ik 7 AR N ) 77 ), 6Bk
MR, B P BEE R TE 5 A T B A BRI
FEL A N 0% L an &l 6 B o

H &L 6 W LA, 76 [ — 3R A B AL, T A5 1E
TOARFR T, 54T B A BRI T0UAR N ) R F HE P 45 38 T
MON; 3, ELASHIOU L A o T 5 3 2 5 17 T3l I, A 5 g
TR . FEREE 250, h TOURZ L,
HAAEFESGERT, #H0E AR IE A 18 22 55 A
TR Sy ) A58 P B, T B A T 22 B — i A2
RIS S S ep Sl SRS S S S UN 37
15

T,

(4)

P,




2024 45 12 ]

#HEHMFHAK

52 %

A 5 B P R BUREZ BERDG T, (AR 51
I, LV A A RS R S/, i i T AR
Fe BRI AN i, FURBRE #2137, (B A
I IAVERR ORI ik — 3R

(a) RHIUEL BRI

TE: BT Ay B Z B TE B )
Ko #TEAMMELGHYEEEE LTI

Fig.6 Comparison of surrounding rock forces in inclined roof

(b) HEHEE

right trapezoidal roadway and arch roadway

DRI, 0 T 7 0 1R 8 T X 1P A 1 42 1 28
SRAETHIE AR, (HR AR R AR5 P A3 THOH Lt
AR E RS BIR. J35h, BT AL A E
ZERRE G, AN T b, H AR W A R,
(A AR T E A AR LA 4 P 52 21— 7 PR

3.1.3 FEXAREMM AL % S oM

B A E BT AR, BR T 2E5% 8 AR, ih %
e A TR SR e s | it T T2 %
JEEN R EL AR BR T A 18 X P S AR Y 45 R RCR I T
HETE AR 8 A4 i ROCR, (E R0 B A A TR 45 18 e A 1
I Ak TR A7 A i T PRI X, HETE A5 38 T0HR 7K 25 RE
1 B ARE R, HJRt T T 28 2% HAIR 1T T A 4544
SEEEME, FEMIRE S ZRAETT, 5 DM A 2 08 B B I
Sy RAEVEE MG . AR TUE AR IE H T AETES
T, DR AR Y AN AE i T PRI, PR R
FHAEXTFR 2= IO A 18 B8R A 82 R R AR 1B 1Y )
— P,

A TE TR Ao AERT PRI T, i A58 s
JEEEE N TT g Y5053 A, W AE 3 T TR e £ o7 & Ak
Z RN RS R Fyy HoA A0 B AL 52 3 /Y )23 18] 5
YINL 128 Py, B YN IHE KI5 [ ) 53508 T, 76
BT M W At R R FRA Y T T0U AR A A7 A7 Ak
Z BN E R 1R F,, HZe A A 32 200 )2 7] 5
VIR I8 Py B VIR eI 0 B i Ty, 7R
B WIS Ry ASTE RS2 RS IR 7 Fs.

q g Yo
T TT] : N
< | |
4{ R, P R, P
=" ="
{ T. <| T,
NG 3
I I = < L
2l | 0 a x O T X
(a) Bk 7 (b) ZE T2 (c) A5 7

K7 ExRETHEEZ RS

Fig.7 Analysis of stress state of asymmetric roof shaped roadway

TOUMR 2 AR 38 7 32 1 S, il 754 56 R P
F3 = qll +R3

1
T3h3—f0qux=0 (5)

P;=T;+Ry
R (5) n] 15

_ql’
" 2hy
qllztan 65
2h3

qll2\/1 + tan293
2h;
P [ A ZES TR S RE, ms 0, R 438 Ze T AR}
i, (©) s hy O 22 BT AR 0 2R A5 TR B RS
16

T

F3:qll+ (6)

P3=

hs = [,tan 65, %’] 93:25054‘ ( Hp %/I Eﬁfnjﬂiﬂi ﬁ E ) s
h3 =0.466 311 , Mo
[1EE, THUHA T A5 F 56 52,
Fy=qgb+R,
1
T4h4—f0qux20 (7)
Pi=TI+R,}
A7) AT A5

2
gl
Ty=—
*7 2n,
qlzztan 04
2hy

qlzz ’\/1 + tan294

2hy

F4=qlz+ (8)

P4=



W PR R B R SR s i W R S S S8

2024 455 12 #8

Ao L WABTUKF S, my 0, A3 A7 S T fii A
FARE, (°)5 hy AT B T00 A A BT 5 T A R e
hy = bLtan 6,, 24 0,=50°1F ( B 4 [y 5 )2 i /)
hy=1.1921,, m,

X (8) |, H(6) 5 (4) FT I, JEXTFRZE
TOUR A8 18 P AS (152 7 AR5 BB A AR TE PRS2 )
ARG, FEBURES 24500, i TR B G,
HEENGERT, 38 AT REA Y 25 5 m A 1E
PRI 3, T AR T A IS, F R TSR T,
SR P T IR T S BURA R IR, BLR R T A28 =
FEVR/NILAZ T3, BN AE B R s A S e AR
JERREDGHT, BAEE I GERT, Ho A58 058
FA) G ARl /)N, S T ol 0 % DR 1) e S 28 G T AN T
W%, BRVEREIRUR B 233, R H R e 0 15 2148 T
[Fi] sk 2 g T 455 4 30 T = Ak el T4 R, Az
JIRPHS /N, WA F) TA5 18 FEAFRE, Rl e 1
W T T2 WK A A 00 L AR BT W), 2 5 e R it T 1 5
JEAGUAR 3G MG K, Y 2F AR 5 AP A hn R, Xt
PRI TR AR T 0 0 5 32 AR T 203 T ] A Ae 5 vy
B, AT B AR A i2E A 5 S AP R o PR AR X 2
TR ARTE AT DA L et P AR 4
3.2 AEEEWERREESBEIFEEREL
320 HAAEAZES

SRyt — A 5 KA A AU 8 R 2 AN [ 5 R T
TER BN T B R RHE, IRPE 18] 1, RIA
BRIC FLAC™ BB, #E5r T RS2 R 50
6 T8 B AR Y, AR RSE O 55 mx2 mx50 m( K x
FE > ), 31233 1z i A% JR 12190 B P 0 A% 14T 0 %%
AbFR, A5 TE W IR AR R b 2R B B E A A an 4] 8
Fis o

H=50 m

Nrrre Krosrr Kiesrr Kesr Keso Kesr Kesr Koss

| L=55m |
[ |

K8 #HEHA

Fig.8 Numerical model

T, LAY S BN 13.0 MPa 9 3 BN /)
DI B2 2 0 [ FE, SR O ] RIS A [ 2
B, ASLLR P2 T 3 0 v B ) BE IR S . 4
T8 S 21 PR PR TR A SE BRI 2 BB TR AR )24 5
BE D,

x1 BEEVENFSH
Table 1 Physical and mechanical parameters of

coal and rock

s R PREE SYUIRTRY BN NEEEEA/

(kg-m”>)  GPa GPa MPa (°)

1154 1880 2.51 3.34 3.9 28
ey 1940 2.65 3.40 42 30
154 1 880 2.51 3.34 3.9 28
REME 2140 2.88 3.41 52 33
Elipna e 2900 3.34 452 8.0 41
REME 2140 2.88 3.41 52 33
I 1940 2.65 3.40 4.2 30
12-1'54 1880 2.51 3.34 3.9 28
Jett 2330 3.05 439 6.2 35
122544 1880 2.51 3.34 3.9 28
REMEE 2140 2.88 3.41 52 33
I 1940 2.65 3.40 42 30

B 4T ERN 12 5525 11 SHEE I
P BRI R, HZ B 2R Shs2m, (15 31233 i2
45 JR 00 N ) AR AR AR Ry 52 2%, AR AR T A TH R
SN 15 12 T AR it B AR R A% SR T i
MR, BUES A 31233 ik Ak T 1 )2 TR 5 B8
AL N 7 52 e DX 0] 25 IR RORE B Y SR R ) 4R
B, N DK R R BT A # 2.0 ~ 3.0, 31233
1% i 8 SR TR S SR, 2K ST 1) fG R 7t b AR 4
o B — R A B, R, FE R T HEE 1.2 ~ 3.0,
SORE SRR AR T b T AR TS R I F
SE, B, A i LA 2 ) LT e Y TR
HEFA TR 00 g v ) d5e R 32 0 77 69 5 Tl o & A —
SEFERE MR 5% , DR £ FE AT IA 200 ~ 45004771 31233
B AL T 1 )2 TR 5t B AT N T 5 e X s, R
W A S 6] 7 PR B R A REAE . R T Ak
B0 o R I R — MR, BEIR 31233 iz i 4%
1R 3 A LA 3 6B i BB 5 1 7 1) i
£ BERIEAT B, o 5 K 0 ) 5 /N R 1
FUAE ] o o, B0 S I o 3R .

17



2024 4F55 12

# £ # F H# K 5550 %

3.2.2 AL R H5HT
RN 1554 3 i i Wy i JE IR el 5 98 PR X
O A BB AR RS R R, A58 [l A R X B b

FERLITR/ANFEAE A T s AR S ka4,

mE 9 frs .

AN JT R 1.2, FN TR FA R R 1598, 3
oI T 2 RS 3 ) PR YR I X R 5 ) JR e A A
A H AR T W I A2 9 4 a5, BT A T TR 9 1 X
S/, BB AR AT AL B I X AR
JEXTFRE U A58 A/, B i FHE B2 TARm R
25X 23 PRI RAS T A T S M XA TR
Hy ks, &l 9a., &1 9d MK 9g i .

2R B E— 25 L, R Heak E] 3.0,
I 3% £ BE TR B 45°1F, 3 Tl otk o T TS LR A L
SRV X Sk — 25 Ak, BETE A5 3 T AR 8 4 X 'ﬂﬂml
55 A XA S T 2 A T X A R T B

(a) n=1.2, a=15° (b) n=2.0, a=30°
B A o BE

(d) 7=12, a=15°
A E A B AR I

(&) =12, a=15°
R AR AR 1E

(g) n=1.2, a=15°
e R 2 TR A 1

(h) =12, a=15°
FEXI R R IR ARIE

R A BE IR A5 18 TR A7 A A AL S X AR g I 1 )2
TAETE XAk i v i U A 2 i i A LR
T WREY RIS JEXTFR 2 T 4 18 TR 98 1 X
Y B AT, (H IR X3 Pl s HeAth 2 oo T T AR
IAPE XN, FEIT b )22 AR T DX 3 2 DX
Hit—HP R, nE ob—I& 9c. & 9e—I&l of Al
& 9h—&] 9i iR o

YRR 12 SH2ES 11 502 R T
B B IE R, TC1e A5 18 W I anfe] A5 4k, AR 1A [l
T IR TR A5 357 522 B0 Ay e O I R A6 5 1) TOU A, [+)
B 5T 2 A T DX S X e g g gtk
A, YR DX RN R B 3k B e R, (R AR A R
FRALFN 3 A v B 2 W S 22001

i L RE AU B B, AE KA R
WERTERFAE T, REE N, L 3 FhAsiE
Tt A B A 30 1 )22 TR T DX 3 4 e X3 T AR

None

shear-n shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p

tension-n shear-p tension-p

(¢) 7=3.0, a=45°
PP EIE

‘ None
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p
tension-n shear-p tension-p

() 5=1.2, a=15°
RHTOEL F B T A 1

None

shear-n shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p
tension-n shear-p tension-p

() 7=1.2, a=15°
JESHR R T A

WO RT3 ALY EHREEE MK A

Fig.9 Distribution of plastic zones in surrounding rock of three different roadway cross-section shapes under different stress conditions
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Table 2 Comparison of technical and economic indicators

before and after optimizing cross-sectional shape
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