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Tém tit: Hiéu qua khai thac than 16 thién dwgc danh gid qua hé sé boc da, cu thé 1a goc
nghiéng bo mo dam bao an toan va giam dugc khoi lugng dat d4 phai boc trong bién gioi.
Bai bao gidi thiéu phuong phap mé phong khéi da (3D) trén cac thong s6 co ly da va hé
thdng khe niit trén bd mo nham déanh gia va du bao nguy co mat an toan ctia bo mo khi tién
hanh khai thac than 10 thién (khoan—no min, xtc bdc, van tai). Phan tich 0 on dinh bd mo &
trang thai tinh va dong (chiu tac dong rung, chan dong) nham téi uu hoa cac thong s6 hinh
hoc cia tang, bo mo va trinh ty khai thac phu hop, giam h¢ s6 boc trong diéu kién 16p da
try cla via than c6 cdu triic phtic tap ¢6 nguy co mat 6n dinh cao. Két qua nghién ctru ap
dung danh gia 6n dinh bd mé try Nam, mo than Khe Sim, Cam Pha, Quang N1nh Hiéu qua
dem lai khi ap dung cdc giai phap cong ngh¢ gia b va xuc giam ta1 dam bao 6n dinh bo tru
Nam dam bao giam khéi lugng dat boc giam xubng gan 7 tridu m? so véi thiét ké cia du an.

Tir khéa: Khdi da; Mo hinh; Khai thac than 10 thién; On dinh bo mé; Quang Ninh.

1. Mé dau

Trén cic mo than 16 thién, dic diém cdu trac khdi da dong vai trd quan trong va quyét
dinh t61 viéc Iya chon cong nghé khai thac, déng bo thiét bi va cac thong sb hé théng khai
thac. Khdi d4 1a moi truong dac biét, no co thé 1a moi truong lién tuc, gian doan; déng hudng,
khong dang hudng; bén vimng, kém bén vimg chiing dan xen nhau phtrc tap. Nhitng khe nirt
tu nhién 1a nhitng mat phang hodc cong ton tai va chia tach khéi ¢a dong nhat thanh cac khdi.
Mbi khe nut duge dinh nghia 1a "tit ca cac gian doan co hoc va do bén tach nho trong khéi
d4” [1]. Céac thong sb dic trung cua khe nirt trong khdi d4 dwoc thé hién trén hinh 1. Khe nut
dugc do va thu thap ngoai thuc dia twong g voi cac kich thudc mé rong tir centimét dén
hang met. Trong thyc té, dé xac dinh vi tri mot khe nit thuong chi can xac dinh goc phuong
vi hudng dbc (o) va goc déc (B), do kéo dai, do mo. Thu thap cac thong s6 khoi da c6 thé st
dung la ban do truc tiép cac thong s6 ngoai hién truong, thi nghiém mau co Iy da trong phong
thi nghiém. Céc quan sat va khao sat khe nirt trén mét khu vuc nao d6 thuong dugce thuc hién
doc theo mot tuyén khéo sat trén bé mat theo cac hudng khac nhau, vét 16 dia hinh, vach dé
trén suom ddc ctia khu vuc khai thac, hodc bat dau tir hudng cua khe nut cta 16i 156 khoan
tham do, hoac phan tich tur cac anh bé mit dia hinh, suon tﬁng.

Céc dic tinh moi truong khdi da khong lién tuc 1 nhitng nguyén nhéan chinh gay kho
khan trong khai thac, 1am tang chi phi boc da va duy tri dam bao an toan trong qua trinh khai
thac. Trong nghién ctru nay, chiing toi tap trung nghién ciru dic diém phan bd khe nirt trong
khong gian khdi da, tir d6 str dung cac phuong phap mo hinh mé phong khéi ¢a mot cach
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ngiu nhién phit hop vai thyc t& nham phuc vu tinh toan 6n dinh bd mé qua trinh khai thac
mo than 16 thién hi€u qua va an toan hon.

Hinh 1. Céc dic tinh cta khéi da [2].

Nghién ctru nay duoc ap dung cho b tru Nam mo than Khe Sim viing Cam Pha, Quéang
Ninh. Nghién ciru s& gidi thiéu cac phuong phap phan tich dir liéu khe nit, md phéng ngau
nhién mé hinh khéi d4 dang 3D, cac két qua phan tich trang thai én dinh bd mo théng qua
md hinh khéi d4, bén canh d6 13 cac giai phap gia ¢b 6n dinh bo tru Nam.

2. Phwong phap nghién ciru

2.1. Hién trang va dac diém khu vuee nghién ciru

Mo than Khe Sim chia thanh 2 khu vuc khai thac, phia Tay va phia Pong. M6 dang ap
dung hé thong khai thac ngang, 2 bd cong tac, theo 16p ddc, sir dung bai thai ngoai trong giai
doan dau, phuong an béi thai trong duoc ap dung khi khu vuc phia TAy Nam ciia mé dat bién
gidi chiéu sau két thiic va tiép tuc khai thac cudn chiéu tir phia TAy sang phia Pong chia theo
khoanh, hinh 2. Kich thudc timg khu vuc hay khoanh tir 250-300 m. Dong b thiét bi khai
thic phuc vu cong nghé pha v& dat da bang khoan—nd min véi 16 khoan dudng kinh trung
binh, may xuc dung tich gau nhé hon 8m3, két hop vai 6t6 ¢6 tai trong 55 tan van tai bi thai
ngoai c6 cung d 2-3 km.

TUYENX

Hinh 2. Mit cit ngang két thuc khai thac Tuyén X cit qua khu vyre mo, véi 2 via than G va via Day
dang long chao (trai); Ban dd 3D hién trang khai thac 12/2019 cta bo truy Nam mo than Khe Sim

(phai).
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Vén d& 6n dinh bo mo Khe Sim phtic tap, thuong xuyén xay ra truot 16 mat 6n dinh ting
va bd mo, cu thé 1a phia Tay doc theo via than (G) dang long chao, chay doc dudi 16p dé tru
tryc tiép ctia via than nay 13 16p phay day 1én dén 100 m doc tir Dong sang Tay; phia tru phia
Nam cua via G dat d4 cting nhung phan 16p, khong on dinh va ton tai cac 16p da tru gia day
tir 10-15 m d€ sut 16 va mat 6n dinh, hinh 2.

2.2. Khao sat thuce dia va Icfy mau

Céc thiét bi hd tro do hé thong khe ntt gdm thiét bi GPS cam tay; dia ban; thudc mét dai
50-100 m, nhat ky ghi chép. Cac vi tri khdo sat khe nut, thé nim dugce lya chon dya vao dic
diém dién hinh cua cac vi tri trén bd mo; vi tri giam sat chén dong dugc dat trén mép tﬁng,
noi chiu anh hudng truc tiép cta séng chan dong nd min gay ra duoc thé hién trén hinh 3.

BIEN GIOI KHAI THAC CUGI CUNG CUAMO e AN = o TR N

29 A DIEM GIAM SAT CHAN DONG NG MIN, RUNG

DIEM GIAM SAT CHAN DONG NG MIN, RUNG

PCD-01 BCD-01
A Vitidchin ding ndmin A Vitri dochin dong nd min
DKS 02- Bia chat DKS 02- Bia chat
(=4 Vi tri khao s dja chit = Vi tri khio sit dija chit
DR -01 CAT 7738 BR-01 CAT 773
a) b) DA Vit dorung do thidtbi Vit do rung do thiét bj

Hinh 3. Vi tri khao sat thu thap sb liéu trén bd mé theo mat cit (a); vi tri khao sat khe nit (b).

Nham thach trong dia ting chira than mé than Tay Khe tubi T3(n-r)hg2, dic diém dia
chét cong trinh kha phuc tap bao g6m cac loai cudi két, san két, cat két, bot két, sét két va sét
than. Sy phan b cac 16p nham thach khac nhau ca vé dién tich, chiéu sau, dic biét chung lai
nam xen k& nhau trong ting chira than, do d6 tinh chét co 1y ctia timg loai d4 bién doi khong
theo quy luat nhat dinh, bang 1.

Béng 1. Céc chi tiéu co ly va ty 1€ % cua tung loai da va than trén mé Khe Sim.

Cic loai nham thach chii yéu

Cac chi tiéu , San . . .
Cudi ket bt Catket Botket Sétket Sétthan Than
e
Dung trong y (g/cm?®) 2,56 2,56 2,59 2,66 2,64
Ty trong A (g/cm?) 2,69 2,68 2,7 2,71 2,7
Cuong do khang nén 1.227,
846,69 1.148,75 551,22 683,58
on (kg/cm?) 18
Tilé % 8,14 22,56 27,19 34,27 3,47 0,25 4,12

Trén c& sé tai liéu dia chat thu thap duogc da xac dinh nudc trén mat hau nhu khong dang
ké, nudc dudi dat ngheo, hé s thim thiu K = 0,0278 m/ng.d nén khong giy anh huong toi
qua trinh khai thac trong mua khé. P cung dét da xac dinh duoc £ =5,5+12, chiém ty 1€ dat
dala 92,16%, bang 2.
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Bang 2. Thong tin théng ké khéo sat thé ndm ciia d4 va khe nit bo try Nam moé than Khe Sim.

X Toa dj VN2000 KT Cic h¢ théng khe nirt (KN)
Piem 1070 45’ mi chieu A3 .k . & . X
5 A The nam H¢ thong KN1 H¢ thong KN2 H¢ thong KN3
khio 3do - ¥ : * sy
LA * chung cia . X . Ghi chu
sat trén da Thé Khoing Thé Khoing Thé Khoang
bo mé X (m) Y (m) 3 cach TB 3 cach TB 3 cach TB
nam nam nam
(m) (m) (m)
310- D4 nirt
DKS 01 2325102 447318 325/70-80 - - - - - - né manh
20-40 60-70
DKS 02 2325137 447335 310/70 /60-70 3 /50-60 13 - - -
DKS 03 2325143 447434 315/40 40/30 10 150/60 7 40/80 40 Cat két
Cuc}i
DKS 04 2325226 447721 310/30 210/30 4 30/80 2 ket, cat
két

Céc thong sb co ly da, thé nam va diéu kién rung, chin dong nd min duge thu thap va
dua vao mo hinh phén tich 6n dinh bo tru Nam, bang 2 va hinh 4.

Hinh 4. Ma do rung va chin dong nd min (a) va két qua giam sat (b) trén bd mo tru Nam, try Bic
mo than Tay Khe Sim.

Xét diéu kién bd mo ¢6 do cao hién trang 60+120 m & cac khu vuc khéc nhau tai cac
tuyén mat cat ddc trung co tinh dén tai trong dong trong khoang 50200 kPa (pham vi tai
trong nhu vay 1a c6 ké toi tai trong rung do hoat dong van chuyén ciia xe 1én t6i 100 t) va
chan dong do nd min sinh ra véi téc d6 dao dong nén dat 16n nhat (1+17 mm/s) tir cac vu nd
min nham xé4c dinh an toan cho céc cong trinh trén bd mo.

2.3. M6 hinh khoi da va danh gid én dinh cia bo tru Nam, mé than Khe Sim

2.3.1. Phuong phap mé hinh va d4nh gia 6n dinh bd mo

Mo hinh sé dau tién cho méi trudng dat da khong lién tuc dugc bo sung véi cac cach
tinh toan cho méi truong lién tuc (cac phan tir hitu han, cac phan tir vi phan hitu han, cic
phan tir kh6i) mg dung cho cac dut gay, sau do 1a cac phuong phap dac biét ap dung cho moi
truong khong lién tuc, ma chung ta biét téi dudi tén 1a phuong phap phan tir roi rac DEM
(Distinct Elements Method). M hinh xem cac ddi tugng nhu tap hop cia cac phan tir roi rac
dugc phat trién boi Cundalll & Hart (1992) [1], [6].

Phuong phap tuong tac khong mém NSCD (No Smooth Contact Dinamict) cho phép xtr
Iy van dé tuong tac gitra cac phan tir cimg hoidc bién dang 2D va 3D tuan theo quy ludt twong
tac Coulomb. Twong tac cyc bd gilra cac phan tir cho phép tinh toan dong thoi van tde va cac
luc twong tac. Tiép xtic ma sat giita cac phan tir dwoc mo ta nhu diéu kién tic dong mot phia
(Signorini) va mot diéu kién ma sat cia Coulomb. Chung ta goi diém tuong tac mot chidu
néu ung sut sinh ra theo duy nhit mot hudng, trong tac cimg. LMGC90 [2], [5] la phan
mém mién phi ma ngudn md duoc phat trién va thudc vé Trung tdm nghién ctru khoa hoc
quéc gia Phap (Nation Centre of Scientific Research, CNRS) tai Trudng dai hoc Montpellier
2, CH Phép. Phan mém cho phép phét trién cdc mo hinh khac nhau duéi dang 2D va 3D
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tuong ung voi cdc tuong tac phire tap mo6 ta trang thai va img sir ciia méi trudng khong lién
tuc. Phan mém duoc viét trén ngdn ngir 1ap trinh Foxtran va cap nhat trén ngdén ngit C++ va
Python. LMGC90 dugc m6 rong trén co s ly thuyet phuong phap DEM va NSCD. Thuc té,
khong c6 giai phap phan tich giai quyét cac van dé thyc té, cac phuong phap tinh giai cac bai
toan trong moi truong khong lién tuc, né st dung cac k¥ thuat voi cac phan tir lién tuc, hiru
han, hodc cac phan tir bién [3], [5].

Diéu kién phén tich 6n dinh bd moé duge nhém nghién ctru dé tai tién hanh danh gid trang
thai 6n dinh dong ctia bd mo 6 trang thai dong chiu tac dong nudc ngém, tac dong chan dong
thuong xuyén khau khoan—nd min, rung do hoat dong xuc bdc, van tai & trang thai hién trang
khai thac t6i khi két thuc khai thac. Tiép theo 1a phan tich danh gia trang thai 6n dinh dong
bd mo & trang thai tinh (bd mé tam dimg va bd mo két thuc khai thac) cho bo tru Nam, mo
than Khe Sim.

2.3.2. Panh gia trang thai 6n dinh cua bd tru Nam mo Khe Sim

Hién trang bd mo try Nam khu vuc xung yéu va 10 bo tru c6 goc cam 55° va goc nghiéng
sudn tang 70-75°, hién trang chidu cao ting két thiic tir 2060 m. Diéu kién phan tich trang
thai 6n dinh bo mo trong diéu kién tinh 1a 6n dinh tam thdi véi hé sb an toan 1,1-1,15, [7].

Bo try Nam (hinh 5) cao nhat ¢ cote +320 m, goc cim cua via va 16p da try dugce thong
ké theo khoanh tir phia Tay sang Phia Dong, va tir +320 m xuong dén cote —30 m. Céu trac
nép 16m dic trung voi dbi tuong via Day va via G ctia mé cho thay goc. cim cuia via (16p da
try phén 16p) tang dan theo chiéu siu va l6n nhét trong pham vi tir mat cit VII dén VIIA (v6i
goc cam tang 39° 1én 57° va giam dan xudng 29° 6 cote +160 m, tiép tuc giam xuong 14° &
cote +100 m); tor mat cat VIII dén VIIIA (gbc cdm cua 16p da tru giam tir 56° xudng 45° tai
murc +100 m va goc cam giam xudng 10° tai cote +60 m); va tir mat cét VIIIA dén IX, IXA
(gdc cam cua try ting tir 31° 18n 74° tai cote +240 m va tiép tuc giam tir 74° xudng 45° & cote
+60 m [8].

NBKS 0[31B'jn chat
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+292.04
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Hinh 5. Thong s6 hinh hoc bo mé theo hién trang, thiét ké va phuong 4n diéu chinh trén tuyén VIIIA.

Khao sat thuc dia bo tru Nam cho théy, hudng da co cAu trac cidm phuec tap, co nhiéu
khe nut giao cit nhau d@ sinh ra cac khdi trugt dang ném. Vi tri xay ra roi rac trén suon tﬁng,
cuc bo trén bo mo va khong c6 kha ning phat trién rong trén toan bo doi cong tac trén bo
mé. Piéu kién bo tru can duoc khao sat va danh gia trong diéu kién co song chin dong, rung
1én t6i 17 mm/s c¢6 kha ning phat trién va tao ra cac dat gdy, hinh thanh cic mit truot 16n.
Mot s6 khu vue tir mat cat VIIT dén IXA gbc dbc da tru 16m néu tang chiéu cao bod mo khong
boc tru sé€ xéy ra hién tugng trugt 16 & quy mo 16n toan bo mo. Khi tién hanh cit tﬁng, lam
giam goc trung binh cua toan bo mo thi anh huong truc tiép va cuc bo téi on dinh trén timg
tang.
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2.3.4. Phan tich danh gia hién trang bo moé try Nam bo mo Tay Khe Sim

Hién trang bo tru Nam khu vure xung yéu ¢6 goc cdm 55° va goc nghiéng sudn tang 70—
75°, chiéu cao tang két thuc tir 20-60 m. Két qua mé hinh (hinh 6) va phén tich trang thai 6n
dinh bd mo trong didu kién tinh 1 6n dinh tam thoi v6i hé s6 an toan 1,1. Trong didu kién
dong (hinh 7), khi bo mé chiu tac dong cua chin dong nd min, hién tuong mat 6n dinh cuc
bo.

Hinh 6. M6 hinh khi d4 dac trung O trang thai hién trang bo mé tru Nam.

Khéi luong trung binh trén mdt khoanh khai thac hién trang 300 m, cao 120 m véi vi tri
2 tang c6 dai an toan 12 375 m?, gdm 119 khéi mat 6n dinh, 3 khéi mét on dinh ty do, 50 khéi
truot dang mat va 66 khdi mét 6n dinh dang ném. Téng khdi luong mét 6n dinh du béo 1én
t6i 44.650 m>, hinh 8.
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Khoi luong trung binh mat on dinh
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Hinh 7. Dy béo khéi luong va vi tri mét 6n dinh bd mo try Nam trong diéu kién chiju tac dong cua
chan dong nd min 1én dén 17,6 mm/s.
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Hinh 8. Du bao khéi luong mat 6n dinh khi bo md tru Nam chiu tdc dong chén dong nd min x4y ra
sut 16 cuc b, sau d6 bo mo ¢ trang thai can bing gi6i han vai hé sb an toan 1.
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2.3.5. Phan tich danh gia hién trang béd mé tru Nam mo Khe Sim

a) Phuong an khai thac khong cét tru Nam

Trinh ty khai thac khong cét try dwoc tién hanh khai thac theo hé thdng khai thac doc
theo khoanh, mdi khoanh dai 250-300 m, chiéu dai mdi khu vue xuc 50-70 m, chiéu cao
tang 1015 m, khai thac tir trén xudng dudi va khong cit ting & bd tru Nam, hinh 9.
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Hinh 10. Phan tich én dinh 10 mé hinh mat cét trén trén bd try Nam khi khai théc va khong cat tru
& mire 16 60 m sau khi cit 3 ting 20 m.

Khdi luong du bao mét on dinh trong didu kién bo mé o trang thai tinh, nho khong déng
ké, bd mo On dinh an toan & trang thai tinh v&i hé s6 1,1-1,3. Khi bd mé chiu tic dong cia
chan dong nd min, rung va nude thi khéi lugng mat on dinh khi khai thac va khong cit try &
mirc 16 20 m, mirc 16 40 m va 60 m dugc gioi hi¢u trén hinh 10. Mirc 16 try via 20 m thi khéi
luong mét 6n dinh trung binh 5,7 m*® & cac mit truot, s6 luong mat truot xuét hién 3—4 mat,
téng khdi lwong mét 6n dinh du bao khoang 17-20 m?. Mic 16 tru via 40 m dén 60 m thi khéi
luong mét 6n dinh trung binh 1a 119 m® & cac mit truot, sb Iugng mat trugt xuét hién 2-7
mit, tong khoi lugng mat on dinh du béo 1a 883 m®.
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b) Phuong an khai thac cit try Nam dé lai ting

Khi tién hanh khai thac, cat tang vao bo tru Nam, khdi lugng mét 6n dinh khi bd mo chiu
tac dong dong 16n s€ mét on dinh. Theo phan tich 10 m6 hinh mat cit trén mo ta théy, ciu
trac bd tryu Nam bi pha v& va phén tang. Do d6 bd mé hinh thanh rat nhiéu dang khéi truot
dang ném va mat trugt voi kich thude khoanh khao sat dai 300 m, cao bo mé 1én téi 100 m
thi s6 mit truot hinh thanh c6 thé 1én téi 78 mit, khdi lugng mat 6n dinh trung binh 13 253
m?, tong khdi luong mat 6n dinh du bao 1én dén 19.799 m?, hinh 11.
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Hinh 11. Phan tich én dinh 10 mé hinh mit cét trén trén bo tru Nam khi khai thac va cit tru & muc
16 20-60 m va 3 ting khai thac c6 b mé cao 100 m.

3. Két qua va thao luin

Trén mit cat tir VII, VIIA va VIII thi goc cam bd tru Nam tai mat cat VIIA 14 16n nhat
goc cam bo try Nam tir 50° dén 56° tir +300 m xudng +140 m theo thiét ké 1a cit tru. Tuy
nhién, dé dam bao 6n dinh bd mo nhom nghién clru kién nghi cit tru va neo, khoang cach cit
tru va gia ¢6 neo 1a 250-270 m bang kich thudc cta khoanh khai thac. Tong dién tich neo
cua khoanh khai thac theo ké hoach nim 2021va 2022 1 4.500 m?, dat d4 phan l6p trong 16p
datry gom sét két 8— 28 m, san két 6-8 m va 16p bot két day trén 20m Dién tich cat try giam
so v6i thiét ké 6.487 m? twong tmg véi khdi lwong cét tru giam xudng so vai thiét ké 597.580
m®. B& m6 dam bao 6n dinh trong diéu kién dong voi hé s6 an toan 1,1 dén 1,3 va tuén tha
cac QCVN an toan trong khai thac mo 19 thién.

Cu thé bo tru Nam véi chiéu cao bd mo tir 160 m dén 340 m khi khai thac xuéng cote —
30 m. Goc thiét ké 6n dinh by mo 13 42°. Trang thai bd mo thyc té 1a di cit tru dé dam bao
an toan khi bd mo giap véi phay. Tir cac két qua phan tich trén, nghién ciru di lwa chon va
dé xuat trinh ty khai thac theo hé thong khai thac doc theo khoanh, chiéu dai mdi khoanh 1a
250 m dén 300 m, bo Nam b tri 3—4 tuyén cong tac trén bd mo chiéu sau dich chuyén va vi
tri gia ¢ & khu vuc khai thic nham dam bao 6n dinh bd mé canh Nam theo muc tiéu 6n dinh
ngén han va dai han dat ra; Thay ddi/hoan thién cac thong sb hinh hoc b mé béng cach cét
tru va neo két hop, tang va day mo phu hop vdi 6 6n dinh bo moé canh Nam trong ngan han
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va dai han dam bao an toan khi tién hanh khai thac va d6 thai bai thai trong; Danh gia hi¢u
qua dem lai khi ap dung cac giai phap cong nghé ky thuat tinh toan, dé xuit cho bo mo canh
Nam véi khoi lwong dat boc giam xudng gan 7 triéu m>.

4. Két luan

Két qua nghién ctru cho thay phuong phap phuong phap m6 hinh ba chiéu (3D) khdi da
dua trén cac s6 liéu thuc té thu dugce nhu tinh chit co 1y da, thong s6 hinh hoc bd mo, ché
doc cong tac ciia mo nham danh gia va dy bao nguy co mat an toan cta bd mo Khe Sim khi
tién hanh cac khau cong nghé nhu khoan nd min, xtc bdc, van tai va dd thai trén mo than 1o
thién. Cac két qua nghién duoc nhom tac gia khéng dinh va dé xuat cac giai phap nang cao
6n dinh bo mo, mat mo trong diéu kién mo dang khai thac cling nhu két thic khai thac, d(‘?)ng
thoi Iya chon dugc trinh tu khai thac hop 1y dé giam khéi luong da boc hién tai duy tri ché
d6 cong tac hop 1y ciia mo theo giai doan; giam chi phi boc d4, gia ¢b 6n dinh bo mo do phai
xu 1y su cb sat 16 ngoai ké hoach; ¢6 co s¢ khoa hoc thay d6i va hoan thién cac thong s6 hinh
hoc b mo, tang phu hop voi diéu kién 6n dinh bo tru Nam trong ngan va dai han; tir d6 c6
co s0 néng cao goc dbc bd cong tac, didu hoa ché do cong tac cho mo va giam cung do van
tai trén tang, giam chi phi vén tai thai da.

bong gop cua tac gia: Xay dung y tuong nghién ciru: N.AT., P.V.V,P.V.H,, T.D.B,; Luya
chon phuong phap nghién ctu: N.A.T., P.V.V.; Xur 1y s0 liéu: N.A.T., T.D.B.; Vict ban thao
bai bao: N.A.T., P.V.H.; Chinh stra bai bao: N.A.T., P.V.V,,P.V.H., T.D.B.

Loi cam on: Nghién ctru nay duoc thuc hién dudi sy tai trg cia dé tai nghién ctru khoa hoc
cua Tong Cong Ty Dong Bac, Mo than Khe Sim.

Loi cam doan: Tép thé tac gia cam doan bai bio nay la cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhiing nghién ctu trude day;
khong c6 su tranh chap lgi ich trong nhom tac gia.
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Modelisation of fractured rock mass for assessing pit slope
stability, case study at Khe Sim open—pit coal mine, Quang Ninh
Province
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Abstract: The effectiveness of surface coal mines is shown through the stripping ratio.
Particularly, the pit slope angle contributes to ensuring safety and reducing waste material in
the final pit boundary. The paper shows the Distinct Element Method (DEM) for modeling
rock mass based on rock mechanics and joint network parameters in the slope to assess and
predict the unsafe risk of the pit slope when extracting coal with its operation stages, such as
blasting, excavation, haulage stages. Slope analysis under the static status and dynamic status
induced by ground vibration are to optimize the geometry parameters of the bench, pit slope,
and suitable mining sequence, contributing to reducing stripping ratio for footwall slope with
complicated coal seam stratum being able to occur high instability. The result was applied to
assess pit slope stability at the South footwall of Khe Sim open—pit coal mine, Cam Pha
district, Quang Ninh Province. The effectiveness brings back with the decrease in waste
materials to nearly 7 million m®> compared with the one in the design stage when the
application of reinforce technology and stripping technology to ensure the foot—wall stability.

Keywords: Rock mass; Modelling; Surface mining; Slope stability; Quang Ninh.
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