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TOM TAT

Nghién ctru trinh bay dac dlem va ban chat cong nghé khai thac khong try bao vé (KTBV) va Lrng
dung phuong phap mé phong sé dé danh gia kha ning ap dung cong nghé nay cho diéu kién vach bén
virng ving than Quang Ninh. Két qua nghién ciru cho thdy cong nghé khai thac KTBV phu hop véi didu
kién vach 6n dinh trung binh t&i bén viing. Cong nghé ndy duoc ap dung hiéu qua ¢ Trung Qudc nhung
chwa dugc ap dung rong rdi & Viét Nam di ¢6 diéu kién twong dong. Két qua ap dung mo phong thir
nghiém cong nghé KTBV & mot mo6 c6 vach 6n dinh trung binh t6i bén ving ving than Quang Ninh cho
thiy trong diéu kién thudn l¢i, 16 chg bit dau anh hudng rd nét khi gwong khau cach 16 chuan bi khoang
40 - 50 m. Khéi da xung quanh duong 16 bi pha hity t6i 5 m tinh tir bién duong 16. Mirc d6 anh huong 1a
16n nhét khi gwong cach 10 10 m, v&i phan 4p lyc mé & trén noc than dudng 16 ¢6 thé ting cao gip hai
1an khi guong & xa 16. Pham vi phé huy 14 tir guong t6i dudng 1. Khi két thuc khai thac 16 cho muc trén,
than nodc, vach truc tiép, vach co ban va mot phén da phu trén 10 sap dd tao mot g6c 80 dd so vbi nén 10.
Pham vi pha hity bén phai hong 10 14 15 m v& phia 16 chg mirc dudi. Cac phwong phap mé phong sé cho
thdy su phit hop tot dé danh gia kha nang 4p dung céng nghé khai thac KTBYV, dic biét cho cac diéu kién
dia chit mo da dang nhu ¢ ving than Quang Ninh.

Tir khéa: khong tru bao vé; mé phong so; vach én dinh trung binh; vach bén vimg

1. Téng quan cdng nghé khai thac khong tru bio vé
L1. Pgc diém cong nghg khong tru bio vé

Cong nghe khai thac KTBV duoc thu nghlem tir nam 2009 ¢ Trung Qudc, duya trén nhiing hiéu blet
nang cao vé biéu hién d4 vach va tién bo vé thiét bi chdng gitr thiy luc 10 chg ciing nhu neo cap gia cd
duong 16 (He va nnk, 2015). Phuong phép nay dugc goi la phuong phép 110, nghia 1a ¢6 1 16 cho, 1 10
chuén bi va 0 tru bao vé. So d6 chuin bj cot khai thac ciia phwong phap dugc thé hién trong Hinh 1.

Bén chét ctia cong nghé khai thac KTBV 1a chdng giir duy tri 16 doc via van tai (DVVT) ctia 16 cho
phén tang trén dé st dung lai 1am 10 doc via thong gié (DVTG) cho 16 chg phén ting dudi (Tran va nnk,
2023). Pudng 16 dwoc duy tri bang giai phap chi dong 1a thuc hién giam tai ap luc 1én duong 10, dong
thoi ting cuong kha ning mang tai cia dudng 10. Viée giam tai ap luc dwoc thyuc hién nhd khoan va nd
min cit vach doc theo duong 1o chuén bi. Viéc tang cuong kha ndng mang tai dugc thuc hién nhd neo
cap c6 luc khang khong d6i NPR vao sau trong khdi da ¢ noc 10, dong thoi chdng b sung cac cot thuy
luc ¢o ste chiu tai 16n doc theo dudng 10 chuén bi trong pham vi dudng 10 chiu anh hudng cua ap luc do
khai thac 10 cho. Do dugc giam tai ap luc va ting cudng sirc chéng d& nén duong 16 s& duy tri 6n dinh
ngay ca khi chiu tai trong dong tir viéc sap d6 d4 vach 16 chg. Nho viée duy tri 6n dinh dwong 10 chuin
bi nay nén & cot khai thac tiép theo chi can diao mdi mot duong 10 chudn bi, cung véi mot 16 cit thi cong
tac khai thac tiép theo duoc tién hanh.

*Tac gia lién hé
Email: t.d.le@humg.edu.vn
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Hinh 1. So' dé chudn bi ¢ét khai thic trong cong nghé khai thac KTBV
Nguoén: Gao va cong su (2019)

Dé chéng duy tri 16 DVVT trong cong nghé khai thic KTBV, t6 hop cac gidi phap sau can dugc
thuc hién:

« Chdng tang cuong cho 10 DVVT bang neo cap luc khang khong doi NPR;

« Khoan, n6 min dinh huéng cit da vach doc theo hong 10 DVVT dé giam ap luc 1én vi chng;

« Chdng ting cudng giit noc trong ving ap luc twa va lam tudong chin nhan tao cach ly khoang trong

da khai thac cua 16 chg véi 1o DVVT phia sau 10 cho;

« Thu hdi cac vi chéng tang cuong ¢ khu vyc 10 DVVT 6n dinh sau guong 10 chg;

« Kiém soat lién tuc d¢ 6n dinh duong 10 bang hé théng quan tric ty dong.

Trong cac giai phap trén, giai phap chu dong cat vach giam tai ap luc cho 10 DVVT dugc cho 1a co
tinh dot pha va quan trong nhat, gilp nang cao mirc d6 6n dinh duong 16. Céc 16 khoan cat vach dugc bd
tri nghiéng 15 d¢ so véi phuong thing ding, huéng vé phia mat guong 16 cho. Khoang cach giita cac 16
14 0,4 - 0,5 m trong d4 cimg va ting 1én 0,5 - 0,6 m trong ¢4 mém hon. Nguyén 1y cat vach hinh thanh
dudng 16 trong so do cong nghé duoc thé hién trong Hinh 2.

Hinh 2. Nguyén Iy cdt vach hinh thanh dwong 16 trong khai thac KTBV
Nguén: Tao va céng sw (2018)

1.2. Co s0 khoa hoc ciia cong nghé khéong tru bdo vé

Co s6 khoa hoc ciia cong nghé khai thac KTBV 14 hiéu rd su phan b tmg sudt mo trong cac khbi da
gdy ra boi hoat dong khai thac 16 chg, dic biét & bén hong (bién) 16 chg. Cac nghién ciru di chi ra rang,
cuong do va vi tri tmg sudt 16n nhat bén hong (bién) 10 cho phu thude vao:

- Vi tri tuong quan cac 10 cho;

- Vi tri guong khai thac hoat dong;

- Kich thudc 10 cho.

Su tang tg suat doc theo hong lam ting ap luc 1én cac tru bao vé phan via than nguyén khoi. Su gia
tang nay tré nén nghiém trong hon nira trong trudng hop vach khé sap do, hinh thanh véach treo trén dién
rong ving khong gian d khai thac. Cac nghién ctru vé co ché sap giy véch treo bén 16 chg cho téi nay
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tap trung chu yéu theo hudng tién guong khai thac. Cac nghién ciru co ché gy doc theo guong 16 cho
(theo chiéu rong 16 cho) con han ché. Mot 1y thuyét co ban thudng dwoc cac hoc gia Trung Qudc ap dung
la “Ly thuyét vach chﬁ dao” (Key Strata Theory) thé hién trong Hinh 3. Theo d() khi guong khai thac
dich chuyen tir 16 cit ban dau vach kho sap d6 bén tren khoang trong khai thac ton tai ¢ trang thai dim
bi ngam bbn canh. Theo tién d6 khai thac, ddm vach un xudng véi mé men udn ngay cang ting. Khi mé
men uon vugt qua do bén kéo t6i han cua dam, vach sé bi pha hiy ban dau doc theo canh dai 1. Tlep do,
véch bi pha huy doc theo canh ngén II, va hinh thanh dut gy dang O. Dam vach tiép tuc pha huy & vi tri
chinh giita III, kéo theo sy hinh thanh cta cac khe nirt IV, va hinh thanh dang diit giy X. Sy pha huy dam
véch luc nay 1a két hop dut giy dang O va X, va duoc goi 1a dang O-X. Theo tién do khai thac, sy pha
hty dam dang O-X kéo theo sy hinh thanh cac dim cong x6n vach doc theo hudng tién guong (duoc goi
1a dAm cong xon theo phuong) va dam doc theo hong 10 cho (duoc goi 1a dAm cong x6n theo hong). Khi
cac dim cong x6n giy, ching lam gia ting g sudt bién trudc guong va bén hong.
1l 1l 1l 1l

Strike fracture spat__y
o Fracture
position Main roof

" Immediate roof
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(©

1I IT\ (a) I

~ E“ff%l fracture span
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Main roof Roof cantilever ’

Hinh 3. Ly thuyét vich chii dao

Nguén:Qian va cong sw (2010); Yang va cong su (2019)
Nghién ctru ciia Yang va cong sy (2019) cho biét chidu dai dAm cong xon theo hai huéng trén tuong
duong nhau va bang vé6i bude tai trong dong thuong ky. Vi tri gdy cta cac dam, do do, phu thude vao cac
dac tinh co hoc vé hinh hoc cua vach chu dao, via than thiét bi chdng giit. Nghién clru ciia Wang va cong
su (2014) chi ra rang, khi vi tri giy dam c6ng x6n nam ¢ phén than nguyén khéi, dim gay tac dong manh
nhét téi duong 16 doc via (Hlnh 4). Nguoc lai, khi vi tri gdy dAm ndm & tru bao vé, dam gay tac dong it
nhét t6i dudng 10. Vi tri giy ddm ciing phan anh vi tri ciia khdi da vach chu dao va do d6 ly thuyét “Key

Strata Theory” con dugc goi la “Key Block Theory” (Ly thuyét khdi chu dao).

Fracture line Fracture line

Block B
(key block)

Block A

Unmined coal ~ Roadway Chain pillar
(a) (b)

i
Unmined coal ~ Roadway Chain pillar Gob
(o)

Hinh 4. Vi tri gay dam céng xon theo hong
Nguon: Guo va cong sir (2019); Wang vd céng suw (2014)
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2. Phwong phap mé phéng so
2.1. Gidi thigu phwong phdp mé phéng so

Céc phuong phép s6 nhdim mo phong tng xtr khéi da thong qua céc phuong trinh toan hoc dua trén
cong thirc hodc thuat toan. Viée sir dung phuong phap s6 trong dia k¥ thuat 1a can thiét boi c6 qua nhidu
bién s6 dé co thé kiém tra thyc nghiém ddy dii, du ring khong c6 mé hinh toan hoc nao dii tong quét hodc
day du dé mo phong toan bo dic diém vat 1y ctia khdi da, img xir ctia n6, hinh hoc khai théc, ciing nhu hé
thdng chdng gitr. Dé st dung ding dén cac phuong phap mo phong s6, nguoi ding can hiéu ban chét vat
ly ctia cac hién tuong dia ky thuat dugc mo phong. Tir ban chat ddi tugng mé phong va ngi dung nghién
clru, nguoi dung can lya chon phuong phap mo phong phu horp Dua trén phuong phap (chuong trinh,
ma) mo phong da chon, can don glan hoa dbi tuong mo phong vé cac khia canh: mé hinh trng xur vat licu,
tiéu chuin pha huy vat liu, tinh chét vt liéu, cac céu truc dia chit va diéu kién bién (pham vi). M6 hinh
can duoc hiéu chinh va kiém chung voi thuc té dé dam bao tinh ding dén. Bat cur su tac dong nao tdi déi
tugng nghién ctru cling phai duoc mo phong gan dung voi thuc té. Cudi cing, ngudi dung can c¢o kinh
nghiém dé liwa chon céc tham s bét dinh hodc tham s khong thu thap dugc tir thuc té, vén 1a didu khong
thé tranh khoi trong cac mo phong chuong trinh sd.

2.2. Lwa chon phwong phdp, chwong trinh va trinh tw mé phong

Ban chit ciia viée mo phong cong nghé khai thac KTBV 1a mo phong biéu hién tap da vach duong 10
doc via ngan cach gita ving khong gian di khai thac cta 10 cho mire trén va ving than nguyén khéi cia
16 cho lién k& s& khai thac murc dudi. Nhu vay. dbi tugng cbt 16i nhit dugc mod phong chinh 1a dit d4 dia
tﬁng than. P4 mo ¢é nguén géc thanh tao trAm tich va trai qua nhiéu hoat dong kién tao, dan t6i viec co
dic diém phén 16p va chtra mat phan cach/ciu trac dia chét kh6ng lién tyc. Cac mit phan cach c6 thé ¢
dang thanh h¢ hoac roi rac. Cac phuong phép mo phong chia mién nhu phan tir roi rac cho thay su phu
hop nhit dé mé phong cac cdu trac khdi da néu trén.

®
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Hinh 5. Chu trinh tinh toan trong UDEC

Nguon Itasca Consultmg Group (2024)

Trong h¢ thong khai thac 10 cho dai, viéc diéu khién ap lyc mo dong nghla v6i viée diéu khién sy sap

dd da vach theo tién do khai thac. Da vach (va hong, guong 16 chg) cé thé ha tir tir khong tach roi hodc
sap do dot ngot tach roi hoan toan khoi ting da vach, kém theo cac chuyén dong xoay va twong tac giira
rat nhiéu khoi da riéng biét. Chuwong trinh mé phong sé Universal Distinct Element Code (UDECTM) ciia
hang Itasca Consulting Group (2024), (M) hoan toan mé phong dugc cac biéu hién va tuong tac giira cac
khéi da néu trén va do d6 duogc lya chon st dung lam cong cu mo phong trong nghién ctru nay. UDEC
la chuong trinh mo phong hai chiéu mot ddi twong nghlen ctru nhu 12 mot tap hop cac khoi riéng & ma
biéu hién ctia khdi dugc diéu khién boi quy luat tmg suét - bién dang. Mt phan cach trong mé phong la
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bién gi6i (tiép xtic) giita cac khéi va biéu hién ciia mat phan cach ciing bi chi phdi boi quy luat luc - dich
chuyén (Hinh 5). UDEC dya trén nén tang tinh toan “Lagrangian” nén rat phtt hgp cho mé phong dich
chuyén 16n va bién dang vat liéu thuong thay trong khai thac 10 chg.

Céc d6i tuong ham 16 c6 ban chét 14 ba chiéu trong khi UDEC 1a hai chidu nén mat cit mo phong can
phai dic trung cho ddi twong nghién ciru. Do cAn quan tim t&i biéu hién phan da vach bén trén dudng 10
doc via va cac 10 chor tiép giép nhau theo chidu ddc, nén mat cit mod phong sé duge dung doc theo chiéu
dbc cac 16 cho va cét ngang tiét dién 16 doc via. Mit khéc, ap lyc tac dung 1én duorng 10 doc via thay d6i
theo twong quan Vv6i vi tri ctia 10 ch tAng trén, vi tri mét cit quan trong nhét can phai dung 14 khi duong
10 chuén bi phan ting dudi tiép giap voi phan khong gian d4 khai thac phan tang trén, tinh ti truong hop
vach treo theo phuong via gy ap luc twa 16n nhéat bén hong. Trinh tu x4y dung md hinh bam sat theo thuc
té phai bao gdm duogc cac g1a1 doan sau:

Giai doan 1: Chua c6 bét ctt hoat dong dao 10 hay khai thac nao theo mat cit mod phoéng (doc theo chiéu
dbc via). M6 hinh dat trang thai can bang ban dau.

Giai doan 2: Pa c6 duong 10 doc via chuén bi gifra hai 10 chg. Lo chg bén dudi 10 chuén bi chua c6
hoat dong khai thac. Lo chg bén trén da cé hoat dong khai thac nhung guong than con & xa, chua tién gan
va chua gay anh huong dang ké t6i 10 doc via. M6 hinh dat trang thai cAn bang.

Giai doan 3: Gibng glal doan 2 nhung luc nay guong than theo phuong via cta 10 cho trén tién t01 vi
tri mat cit mo phong. Phan than nguyén khdi trudc guong ctia 16 cho bén trén roi vao viing tmg suit tip
trung true guong. Mo hinh dat trang thai can bang véi sy 6n dinh cta dudng 10 doc via.

Giai doan 4: Guong than 10 cho trén vuot qua vi tri mat cat mo phong. Luc nay ving khong gian 10
chg cii tro thanh ving bién ciia 10 chg mai. Co ché sap do, kich thude vach treo, vi tri gy va pham vi pha
huy khéi da xung quanh dudng 10 chuan bi can duge lam r5.

Cung v6i viéc gan cac cAu truc dia chét, tinh chat co hoc vat lidu, diéu kién ung suét, diéu kién bién
mo hinh, viéc mé phong vi chdng dudng 16 1a hét sirc quan trong. Dé don gian héa vi chong vom thép
thudng duoc sir dung trong cong tac dao 10 Viét Nam, céu tric phan tir 16 xo trong UDEC duoc st dung.
V6i yéu cau phirc tap hon, cau triic phan tir dam (beam) c6 thé xem xét cho mé phong. Trong trudng hop
véach duoc gia ¢b boi vi neo, cau triic vi neo (bolt hodc cable) trong UDEC ¢6 thé dugce st dung.

3. Ung dung mé phéng s6 danh gia kha ning ap dung cong nghé khong tru bio vé
3.1. Két qua xdy duwng mé hinh

Nghién ciru lya chon diéu kién dia chit moé & 1o chg co gidi héa mo than A, Quang Ninh dé lam rd su
bién dang va sap d6 d4 vach & viing bién 10 chg vai 10 chuan bi néu p dung cong nghé khai thac KTBV.
Do van dé bao mat thong tin, tén mo A va dic diém dia chét cong trinh, thong tin cong nghé mo khong
duoc tiét 16. Nhitng thong tin phuc vu md phong dugce 1y tir cac hd chiéu khai thac 16 cho do mé A cung
cap. Két qua xay dyng mo hinh duoc thé hién trong Hinh 6.
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|
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Hinh 6. Mo hinh khai thac KTBV lo cho mo A
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3.2. Phén tich bién dang, phd hiiy va sdp dé da quanh 16 chudn bi

Sy pha huy va sap d6 khéi da xung quanh duong 16 chuan bi dwoc quan sat truc tiép va do dac trén
Hinh 7. Hinh 7(a - ¢) cho thdy ngay tir khi dao 10 xong, khéi d4 xung quanh duong 16 da bi pha hay & mot
mirc d6 nhit dinh voi pham vi nhé (khoang 1 m & hai bén hong va noc 1) va khong gay bién dang duong
10. Anh hudng hoat dong khai thac than ti dudng 16 khong 16 rét trong 4 doan khau dau tién, khi pham vi
pha huy khong thay doi. Tir doan khau guong th 5 trg di, khdi da xung quanh duong 10 bi pha hiy nhiéu
hon. Pham vi pha hiy mé rong t6i 5 m tinh tir hai bén hong 16 va noc 10, thé hién qua dién tich ving pha
huy va sé lugng mat phan cach bi pha hay (Hinh 7d).

(a Gu'cvng khau cauh lo 80m (b) Grong khdu cichlo70m (c) Guong khiu cich 1;') 60 m

Pha hiy khdi
Cét hién tai
Cét hién tai
Cét qua khv
Cét qua khir
Kéo hién tai
Kéo qua khir
None

Pha huiy khe nut
Kéo hién tai
Kéo hién tai
Kéo qua khir
No slip
Trwot hién tai
Trwot hién tai
Truot qua khir
Truwot qua khiy

Phai hiiy khdi
Cat hién tai
Cat hién tai
Cét qua khr
Cét qua khir
Kéo hién tai

Kéo qua khir
None

Pha hiiy khe nirt
Kéo hién tai
Kéo hién tai
Kéo qua khir
No slip
Trwot hién tai
Trwot hién tai
Truot qua khte

Trwot qua khir

Hinh 7. Pha huy va sdp dé dat da xung quanh dwong 16 chudn bi mé A, Quang Ninh

Hinh 7(d - i) cho thiy cac pha huy cit 1a chu dao, hoan toan phu hop véi co ché pha huy nén dorn
truc (nén hong nho) Hinh 7(i) cho thay khi guong khiu sat du(mg 10 chuan bi, duong lo vé co ban van
6n dinh va c6 bién dang nhe huéng vé ving giai phong tng sudt. Nguyen nhan cua su 6n dinh 1a do cac
tap da vach noc 10 gdy rd rét & phia trén duong 10, hinh thanh goc gdy gan nhu thing dung (khoang 80
d6) so v6i nén 10, hudng vé ving da khai thac. Biéu hién giy vach tuan theo biéu hién giy dam cong x6n
trén noc va khong gy ap luc 16n 1én duong 1. Cac tip da noc 16 chudn bi giy bao gdm toan bo than noc,
véch truc tiép, vach co ban va mot vai 16p véach ting phu. C6 thé két luan trong diéu kién da vach 6n dinh
trung binh téi bén vitng, cac tap da vach sip do theo tién d6 khai thac va khong gay ap luc 16n 1én duong
16 chuén bi. Khoang khong gian di khai thac dwoc 1ap day tuong dbi boi su sap dd da vach va do do giam
thiéu su treo cua cac tap da vach bén trén. Viéc ap dung HTKT khong tru bao vé trong didu kién mo nay
1a hoan toan phu hop.

4. Két luin

Céc két luan chinh rut ra tir nghién ctru nhu sau:
- Cong ngh¢ khai thac KTBV phu hop véi dicu kién vach 6n dinh trung binh t&i bén viing nhung chua
duoc ap dung rong rai ¢ Viét Nam.
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- Cac phuong phap mé phong sb cho thay su phit hop dé danh gia kha ning ap dung cong nghé khai
thac KTBYV, dic biét cho cac diéu kién dia chit mo da dang nhu ¢ vung than Quang Ninh.

- Két qua ap dung mé phong thir nghiém cong nghé KTBV ¢ mé A ¢ vach 6n dinh trung binh t&i bén
virng & Quang Ninh cho thdy trong didu kién thuan loi, 16 cho bét ddu anh hudng rd nét khi guong khiu
cach 16 chudn bj khoang 40 - 50 m. Khdi da xung quanh dudng 10 bi pha hity ti 5 m tinh tir bién dudng
10. Mitc d6 anh hudng 14 16n nhat khi gwong cach 16 10 m, véi phan 4p lyc mé & trén néc than dudng 10
c6 thé ting cao gap hai 1an khi guong & xa 16. Pham vi pha hay 1a tir guong t&i dudng 16. Khi két thiic khai
théc 10 chg muc trén, than noc, vach truc tiép, vach co ban va mot phﬁn da phu trén 1o sap d6 tao mot goc
80 do so v6i nén 16. Pham vi pha huy bén phai hong 10 1a 15 m vé phia 16 chg mirc dudi.

Mot s han ché trong nghién ctru mo6 phong hién tai nhu sy anh hudng cta tién do khai thac 10 chg
theo phuong, anh huong cua 16 chg khai thac mirc dudi, mo phong khoan nd min cét vach, mo phong
chéng giit tang cudong duong 10 va quan tric biéu hién khéi da hong 10 trong so d6 KTBV sé& duoc giai
quyét trong cac nghién ctru mé hinh sé tiép theo.
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NUMERICAL SIMULATION-BASED ASSESSMENT
OF NON-PILLAR MINING FEASIBILITY
IN QUANG NINH COAL MINES

Le Tien Dung"’, Pham Trung Nguyen’

'Hanoi University of Mining and Geology
’Mining Technical Advancement Support Center, Vietnam Mining Science and Technology Association

ABSTRACT

This paper presents the characteristics and fundamental principles of non-pillar mining technology,
along with the use of numerical simulation to evaluate its feasibility in medium-to-competent roof
conditions in Quang Ninh coal basin. Research findings indicate that non-pillar mining is well-suited for
medium-to-competent roof, demonstrating high efficiency in China, yet it remains limited in Vietnam
despite similar geology. Simulation results for Mine A, which features medium-to-competent roof in
Quang Ninh, reveal that the longwall face begins to exert significant influence when it is 40-50 m away
from the preparation roadway. The surrounding rock mass undergoes failure up to 5 m from the roadway
boundary. The impact reaches its peak when the face is 10 m away, with abutment pressure above the
roadway roof potentially doubling compared to when the face is at a distance. The failure zone extends
from the coal face to the roadway. Upon completion of the upper longwall panel, the roof coal, immediate
roof, main roof, and a portion of the overburden collapse at an angle of 80° relative to the floor. The
failure range on the right side of the roadway extends 15 m toward the lower longwall panel. Numerical
simulation methods prove highly effective in assessing the applicability of non-pillar mining, particularly
for the diverse geomechanical conditions of the Quang Ninh coalfield.

Keywords: non-pillar mining; numerical simulation; medium roof; competent roof
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