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Longwall Top Coal Caving (LTCC) technology with great cutting height
is a new development trend in mining thick coal seam. The cutting height
of LTCC face typically ranges from 2.8 m to 3.2 m in many coal mining
countries, but it recently reaches up to 4.2 m in many coal mines in China.
Because the cutting height increases, the caving height accordingly
decreases that changes the stress distribution around coal face and law
of roof rock caving. Based on the geological condition of Longwall 4108
at Ping Shou coal mine, ShanXi province, China, this paper presents a
modelling of LTCC mining process with a cutting height of 4.2 m by using
the numerical program FLAC3D. From the modelling, the paper presents
an analysis of stress distribution ahead of LTCC face with great cutting
height. The results show that as the coal face advances, the stress
magnitude ahead of coal face increases. The peak front abutment stress
moves further away from coal face. The stress concentration ratio
increases, and stress concentration zone expands correspondingly. These
changes of stress facilitate the failure of top coal, increasing the efficiency
of top coal recovery and improving longwall face stability.
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Nghién cru quy luat phan bo &ng suit trwedc gwong 10 cho
co gidi hoa ha tran than néc véi chiéu cao khiu 1én

Bui Manh Tung ¥, Nguyén Phi Hung 1, Nguyén Vin Tuln 2

1 Trwong Dai hoc M6 - Pia chdt, Ha Ni, Viét Nam
2Tdp doan Cong nghiép Than - Khodng sdn Viét Nam, Ha Ni, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh:

Nhan bai 18/02/2021 Khai thdc véi chiéu cao khdu 1én cho via day la xu hwdng phdt trién trong

\ céng nghé ha trdn than vdch. Pa sé chiéu cao I6p khdu cua Io cho cor gidi

Sra xong 09/5/2021 héa ha trdn & cdc nwéc khai thdc than trén thé gi¢i dao ddng tir 2,8 m dén

Chap nhan ding 15/6/2021 37 nhwng hién nay & Trung Qudc dd xudt hién nhiéu lo cho cé chiéu cao
v khda lop khdu dat dén 4,2 m. Khi chiéu cao 16p khdu tdng Ién, chiéu day I6p than

Ttr khéa: oy ~ Ny, o g A .

ha tran gidm xudng, tir do thay doéi trang thdi phdn bé tng sudt xung quanh

ggfg‘rfgﬁekﬁi‘ra i 16 cho ciing nhu thay d6i quy ludt sip d6 cua dd vich. Bai bdo dura trén didu
Hiéu qua thu hoi ’ kién dia chdt l6 chg 4108 mé Ping Shou, ShanXi (Trung Quéc), str dung mo

1eu qua thu hol, hinh s6 héa FLAC3D, mé phdng qud trinh khai thdc lo cho khi chiéu cao 16p
Than néc, khdu la 4,2 m, sau dé tién hanh phan tich quy ludt phdn b trang thdi ting
Ung suat phia truérc.

sudt phia truéc guong 1o cho khi chiéu cao I6p khdu Ién. Két qud nghién
ctru cho thaj/, gid tri wng sudt phia truéc gwong lo cho tuy theo toc do tién
guong tdng Ién ma ciing tdng lén; vi tri wng sudt Ién nhdt phia guong dich
chuyén ra xa so véi guong than; hé s wng sudt tdp trung theo téc do tién
guong ciing tdng lén, ving dnh hwéng cia tng sudt Iém nhdt phia trudc
gwong phat trién rong hon, diéu dé thudn lgi cho qud trinh phd hily than
ndc, tang hiéu qud thu hoéi than ndc ciing nhw ndng cao dé 6n dinh cta
gwong lo cho.

©2021 Trwong Dai hoc Mo - Dia chat. Tt ca cac quyén dwoc bao dam.

nang cao dwoc san lwgng va nang suit ctia 1o cho.
1.Mé dau Tuy nhién, nhwgc diém cia cong nghé nay 1a ton
that than trong qua trinh ha tran than néc van con
rat16n (Bui Manh Tung va nnk, 2016; Tien Dung
Le va Xuan Nam Bui, 2019). Nhit 1a trong mét s
trwong hop nhu: khai thac via day dén rat day, via
c6 do6 kién c6 tlr trung binh trd 1én thi co ché pha
huy, sip d6 va ty 1é thu héi than néc sé bi dnh
“Tdc gid lién hé hu’é’ngvrﬁtvl(')’n. Mff)t t}"ongA cac §ié\i p]:lf'lp nhf?tm nérig_
E - mail: buimanhtung@humg.edu.vn cao khzi.nang p}}a k}uy: sap do Va_Pleu qua Ehu }301
DOI:10.46326/JMES.2021.62(5).02 cua khoi than néc la nang cao chiéu cao khau cua

Céng nghé co gidi hda ha tran than néc la mot
trong nhirng cong nghé dwoc ap dung chi yéu dé
khai thac than via day & cac nwéc tién tién trén thé
gi6i. Thuc tién cho thiy, 4p dung cong nghé nay da
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may khiu hay con goi la chiéu cao khau gwong.
Théng thwong, may khau & 10 chg co gidi héa ha
tran than néc ciia Trung Quéc c6 chiéu cao khiu
ttr 2,8+3,2 m, nhwng hién nay ciing da c6 rat nhiéu
10 cho ha tran than ndc c6 chiéu cao khaula 4,2 m
nhw Xinglong Zhuang, TaShan, Da Tong, Ping Shou
(Gong Peilin, 2008). Thuc tién cho thdy, khi chiéu
cao khau gwong 16m thi ty 1é thu héi chung cda 1o
cho ting lén, vi ty 1é thu hoi ciia phan than khiu
may thwong dat dén 98% (He Fulin va nnk,, 2011;
Gong va nnk., 2001). Tuy nhién, ty 1& thu h6i phin
than 16p vach phu thudc vao nhiéu yéu to, trong
d6 c6 sy anh hwdng cda ap lyc xung quanh 10 cho.
Do d6, can thiét phai c6 nhitng nghién ctiu ti mi vé
su phan bé (rng suit xung quanh 16 cho. Trong bai
bio nay, tic gia str dung phan mém FLAC3D dé mo
phéng qua trinh khai thac 10 cho co gi¢i héa ha
trin than n6c 4108 mo Ping Shou, Shanxi (Trung
Qudc), tir d6 phan tich trang thai phan bo rng suit
va dich dong ctia than va da phia trwéc guwong 1o
cho.

2. Pac diém diéu kién dia chat - Ky thuit 16 chg’

Lo cho 4108 thudc via 4, c6 chiéu dai theo
dwong phwong1a 2.690 m, chiéu dai 1o chg' 300 m,
dién tich khu vwc khai thac 1a 80.700 m2, chiéu
day via 6,9 m, chiéu cao khiu la 3,5 m, chiéu cao
16p ha tran 3,4 m, ty 1é khau - ha tran 1:0,97, bwéc
tién guwong la 0,8 m. Chiéu day vach truc tiép tir
5,51+50,33 m, trung binh 11,88 m, mtc do nirt né
phat trién twong d6i manh, thanh phén chu yéu la
da thach anh. P4 tru truc tiép day 0,5+4,84 m,
trung binh 2,88 m. P4 tru co ban 1a da cat két, bot
két va thach anh, chiéu day 0,74+9,8 m, da thudc
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Hinh 1. Pia tdng khu vwc khai thdc.

loai kién c6 trung binh. Theo tai liéu bao cdo tham
do dia chit tai mo Ping Shuo, dia ting va so do
chuin bi khu vire khai thac dwoc thé hién trén cac
Hinh 1 va 2.

3. Nghién ctru quy luit phan bd rng suit xung
quanh 10 ch¢ co’ gi¢i hoa ha tran than néc khi
chiéu cao khiu gwong lém

3.1. Xdy dwng mé hinh

Can ctr vao diéu kién dia chat1o cho 4108 md
Ping Shou, str dung phwong phap nghién ctru mé
hinh m6 phoéng s6 hoa bang phin mém FLAC3D,
tién hanh phan tich anh hwdng khi chiéu cao khiu
guong lén dén kha nang pha hiy, sip do cua than
va da vach trong 10 cho cling nhw sw phéin bd tng
suit xung quanh 1o chg. Chiéu day ctia via than va
cac lop da xung quanh mo6 hinh mé phéng dwoc
14y theo s6 liéu thuc té cia mo. Do goc dbc via rat
nho va dwoc coi nhw via ndm ngang, do vy thiét
ké& m6 hinh khéng xem xét dén yéu t6 goc doc via.
Ranh gi¢i 4 mat xung quanh va mat day ap dung
diéu kién bién dich vi, tic la dich vi theo huéng
phép tuyén bang 0. Mit phia trén 4p dung diéu
kién bién trng suat. Kich thwéc mé hinh 1a 250 m x
270 m x 97 m (dai x rong x cao), tai trong cda cac
16p dat d4 phia trén dwoc bu bang tai trong twong
dwong va duoc xac dinh theo cong thirc (1):

o= Z Hpg (1)

Trong d6: H - chiéu day cua cac 1ép dat da
phia trén, m; p - gia toc trong trwdong, 1dy p =
9,81m/s2.

Lo doc via théng gio

i

17 300m@

LO CHQ 4108

Lo doc via van tai

Hinh 2. Sor d6 chudn bi o chor 4108.
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Tham s6 co 1y ctia da dwoc xac dinh theo khai thac theo dwong phwong la 200 m. Tinh chat

gia tri trung binh phéan loai dat da cia mo. co ly chia than va da xung quanh dwgc thé hién &
Phurong 4n mo phong chiéu cao khiu cda 1o Bang 1, mé hinh ban dau dwoc thé hién & Hinh 3.

cho 14 3,5 m, chiéu cao ha tran 1a 3,5 m, chiéu dai

Bdng 1. Tham sé cua ddt dd trong mé hinh.

Tén16p Mat doé | Mo dun khang cit Trpng lwong | Lwcdinh két | Gocndi | Cwong do khang
d/Nm3 K/GPa thé tich G/GPa C/MPa ma sat f/0 kéo t/MPa
Vach co ban 2500 32,49 9,67 6,37 28 1,31
Vach tructiép | 2500 25,5 10 6,12 38 1,3
Via than 1400 6,27 1,2 1 33 0,3
Trutructiép | 67,87 23,6 3 15 23 1,93
Tru co ban 93,85 34,65 2,72 1591 29 2,05
FILAC3D 3.00 (a)

Step 7110 Model Perspective
14:11:43 Sun Apr 17 2011

Center: Rotation:

X: 1.600e+002 X 0.000

Y: 5.000e-001 Y: 0.000

Z: 5.000e4001 Z: 0.000

Dist: 5.635e+002 Mag.: 1
Ang.: 22.500

Block Group
bottom1
bottom2
coals
bottom3
bottom4
cutcoal
topcoal
rooft
roof2

itasca Consulting Group, Inc
Minneapaciis, MN USA
FILAC3D 3.00

Step 7110 Model Perspective (b)
14:11:58 Sun Apr 17 2011

Center: Rotation:
X: 1.600e+002 X 0.000
Y: 5.000e-001 Y: 0.000
Z: 5.000e4001 Z: 0.000
Dist. 5.635e+002 Mag.: 1
E— _
Contour of SZZ

Magfac = 1.000e+000

Gradient Calculation
-2.3555e+006 10 -2.2500e+006
~2.2500e+006 to -2.0000e+006
-2.0000e+006 to -1.7500e+006
=1.7500¢+008 to -1.5000e+006
-1.50009+006 to -1.2500e+006
-1.2500€+006 to -1.0000e+006
-1.00009+006 to -7.50008+008
-7.50002+005 to -5.0000e+005
+5,00000+008 to -2.5000e+008
-2.5000e+005 to -9.3367e+003
Interval = 2 5¢+005

itasca Consulting Group, Inc.
Minneapolis, MN USA

Hinh 3. M6 hinh mé phdng qud trinh khai thdc lo cho.
(a) Xdy dwng mé hinh; (b) Ung sudt ban ddu.
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3.2. Phan tich irng sudt xung quanh lo chg’

Trén mo hinh mé phéng qué trinh tién gwong
16 chg, mdi lan tién gwong 1a 20 m, s6 lan tién
guong dwoc thuwc hiénla 10 [an, tong chiéu dai tién
guwong 10 cho1a 200 m. ('ng sudt phia truére gwong
10 cho theo cac buéc tién gwong dwoc thé hién tai
Hinh 4. Piéu nay cho thiy, theo mirc do dich
chuyén ctia gwong 10 cho, gia tri (rng suat tip trung
phia trwéc gwong 10 cho ciling tang 18n, khi chiéu
dai tién gwong 1a 20 m thi gia tri ng suat1én nhit
122,27 MPa, khi chiéu dai tién gwong dat 200 m thi
gia tri rng suit 16m nhat phia trwdc gwong 10 che
12 5,35 MPa ting 2,35 lan. Tir vi tri bat dau khai
thac cho dén 140 m thi vi tri &ng suit lén nhit
phia trwéc gwong 16 cho tang tir 2+4 m, khi chiéu
dai tién gwong 10 cho bt dau tir 140 m tré 1én thi
vi tri rng suat 1én nhit trede gwong 10 chg dan 6n
dinh v&i khoang cach so véi gwong than la 6 m. Gia
tri va vi tri rng suat phia truéc gwong 16 cho thé
hién tai Bang 2 va cac Hinh 5 va 6.

Vung dich dong cua da vach trwdc gwong 1o
cho tiy theo toc do tién gwong tang 1én ma cling
tang 1én. Khi 10 cho & bwédc khiu thir nhit, viing
dich dong cuia da vach trudc gwong 16 cho la 8 m
sau do6 ting dan 1én va khi vi tri gwong 10 cho 140
m thi viing dich dong ctia d4 vach phia treérc dat
gia trilén nhat1a 30 m, sau d6 giam dén va 6n dinh
& khodng cach 22 m. Hé s6 (rng suit tip trung cling
twong rng tang 1én.

Nhu vdy c6 thé thay, khi chiéu cao 16p khau
1ém, gia tri 'ng suat phia trwdc gwong, vi tri irng
sudt 1én nhit phia gwong dich chuyén ra xa so v&i
guwong than, hé s6 (rng sut tip trung ciing theo toc
dé tién gwong ma cling tang 1én, vung anh hwong
ctia rng sudt 1n nhit phia trwedc gwong phat trién

rong hon, diéu d6 thuén lgi cho qua trinh pha hay
than néc, tang hiéu qua thu hoéi than ndc cling nhw
ning cao do 6n dinh cia gwong 10 cho.

4. Két luan

Bai bao str dung mé hinh sé hoéa tién hanh mé
phong qua trinh khai thac 16 cho véi chiéu cao 16p
khiu 13 4,2 m. Can cr vao két qua mo hinh cho
thdy, gia tri ng sudt phia truéc gwong 1o cho tuy
theo t6c do6 tién gwong ting ma cling ting lén, vi
tri ng suat 1&¢n nhat phia gwong dich chuyén din
xa so v&i gwong than, gia tri lén nhit dat 5,53 MPa,
trung binh 3,3 Mpa.

Hé s6 (rng suat tip trung ciing theo t6c d6 tién
guong ma cling tang 1én, hé s6 (rng sudt tip trung
tang tir 1,01 dén 2,46 trung binh dat 1.47. Ving
anh hwdéng cda ng suit 16n nhat phia trudc
guwong m& rong hon, tai vi tri tién gwong 140 m
dat 30 m. Do vy, tang chiéu cao khiu c6 thé tao
diéu kién thuén loi cho qua trinh pha hly ctia khoi
than ndc, tir d6 nang cao dwgc hiéu qua thu hoi
trong khai thac 10 cho.

Loicam on

Xin dwgc chan thanh cam on sy giap dé cia
Trung tam Khoa hoc - Ky thuat Mo, Trwong bai
hoc M6 va Cong nghé Trung Quéc da cung cip cac
tai liéu dia chat va phin mém tng dung dé hoan
thanh noi dung bai bao nay.

Pong gop cua cac tac gia

Bui Manh Tung - hinh thanh y twédng, ciu tric

bai bdo, thu thip sd liéu; Nguyén Phi Hung,

Nguyén Van Tuin - md phéng phan mém va hoan
thién ban thao bai bao.

Bdng 2. Bdng gid tri va vi tri trng sudt phia truéc gwong 1o cho.

Khodang cach tién gwong

20 | 40
16 chg (m)

80 | 100 | 120 | 140 | 160 | 180 | 200

Gia tri wng suit 1én nhat (MPa) | 2,27 | 2,52 | 2,81

3,08 |3,28(333|326|341| 3,5 |553

Vi tri ®ng suit 1&n nhat (m) 2 2

4 4 4 6 6 6 6

Pham vi dnh hwdng (m) 8 14

18 26 28 30 22 22 22

Hé s6 tép trung (rng suit 1,01 | 1,12 | 1,25

1,37 146 | 1,48 | 1,45 | 1,52 | 1,56 | 2,46
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FLAC3D 3.00

Step 8810 Model Perspective
12:18:54 Sun Apr 172011

Center:
X: 1.6008+002

tasca Consutting Group, Inc.

Mnneapolls, MN_USA

Htasca Consulting Group., Inc.
M MN USA'

(a)

Lo cho tién gwong 20 m. (b) Lo cho tién gwong 40 m.

FLAC3D 3.00

Step 9810 Model Perspective
12:28:27 Sun Apr 17 2011

Center:

Itasca Consuiting Group. Inc.
Mnneapolis, MN_USA'

FLAC3D 3.00
Step 10310 Model Perspectiv
12:32:07 Sun Apr 17 2011

Itasca Consutting Group. Inc.
Minneapolis, MN_USA

(c)

Lo cho tién gwong 60 m. (d) Lo cho tién gwong 80 m.

FLAC3D 3.00

Step 10810 Model Perspectiv
12:35:45 Sun Apr 17 2011

.0000e-
Interval = 2.5¢+005.

Itasca Consuiting Group. Inc.
Minneapolis, MN

FLAC3D 3.00

Step 11310 Model Perspective.
12:39:48 Sun Apr 17 2011

ttasca Consuttng Group. inc
Minneapolts, MN.

(e) Lo cho tién gwong 100 m. (f) Lo cho tién gwong 120 m.

FLAC3D 3.00

Step 11810 Model Perspect
43:26 Sun Apr 17 2011

ttasca Consuttng Group. inc.
Minneapolts, MN_Uf

FLAC3D 3.00
Step 12310 Model Perspectiv
12:46:56 Sun Apr 17 2011

ttasca Consuitng Group.Inc.
Minneapolis, MN U

(g) Lo cho tién gwong 140m. (h) Lo cho tién gwong 160 m.

FLAC3D 3.00
Step 12810 Model Perspective
12:31:13 Sun Apr 17 2011

Centor:

ttasca Consuttng Group. inc.
Mnneapolts, MN_Uf

rl_A 3D 3.00

Step 13310 Model Perspective
T S 17 2001

tasca Canautting Group. ne.
Minneapolis, MN U

(i) Lo cho tién gwong 180 m. (k) Lo cho tién gwong 200 m.

Hinh 4. Phdn bd ttng sudt phia truwdc gwong 16 cho khi chiéu dai thay doi.
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Giatri rng sufit 1ém nhiit/MPa

[=]

0 20 40 60 80 100 120 140

Khodng cach dén gwonglo cho/m
Hinh 5. Sw phdn bé itng sudt lén nhdt phia
trwdrc gwong lo chg.

160 180 200 220

Tai liéu tham khao

Bui Manh Tung, Nguyén Phi Hung, Nguyén Vin
Thinh, (2016). Nghién cttu hoan thién cac
thong s6 cong nghé nham ning cao hiéu qua
khai thac than 10 chg dai ha trén co gi¢i héa via
day déc thoai viing Quang Ninh. Pé tai cdp co
sé. Trueong Pai hoc M6 - Dia chat, 16.

FLAC3D2.0. (1996). Itasa Consulting Group. Ins.
FLAC Version 2.0.

Gong Peilin, Jin Zhongming, Hao, Haijin, (2001).
Research on stability test for fully mechanized
mining support with large mining heigh.
Proceeding of  Second  International
Symposimum on Mining Technology. 246-251.

Gong Peilin, (2008). Surrounding rock cotrol
theory and application study of the coal face
with greater mining height. China Univestity of
Mining and Technolory Press. 1-7.

= [¥] w - 28 = ~

Vitri ingsudt triérc giromglo che /m

=}

17

0 20 40 60 80 100 120 140

Khoang cich dén gwong 16 cho/m

160 180 200 220

Hinh 6. Vi tri ttng sudt Ién nhdt phia truéc
guwong 1o cho.

He Fulian, Qian Minggao, Zhu Deren, (2011). A
study of the interaction between supports and
Surrounding rocks in longwall mining face
with large mining height. Strata control and
Sustainable coal mining. 380-384.

Jun Wang, Penggi Qiu, Jianguo Ning, Li Zhuang,
Shang Yang. (2019) A numerical study of the
mining-induced energy redistribution in a coal
seam adjacent to an extracted coal panel
during longwall face mining: A case study.
Enegy Science & Engineering. https://doi.org/
10.1002/ese3.553.

Shanxi China National Coal Pingshuo Antaibao
Coal Co Ltd. Analysis on the structural
characteristics of the No.3 Jingong Mine in
Pingshuo Mining Area, Shuozhou City, Shanxi
Province. CNKI: SUN: ZGMT.0.2019-12-006.

Tien Dung Le, Xuan Nam Bui (2019). Status and
prospects of underground coal mining
technology in Vietnam. InZynieria Mineralna -
Journal of the Polish Mineral Engineering
Society, 44(2): 104-110.



