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Tém tit: P4 bay 1a mbi nguy hlem lon nht trong hoat dong nd min khai thac m6 1§ thién.
bé bay chlem khoang mot nira téng s6 vu tai nan lién quan dén nd min trén cac mo 16 thién,
day 1a mot van dé nghiém trong va gay ra nhitng phan tng tiéu cyc cua cong dong dan cu
song quanh khu vye né min. Tuy nhién, cac nghién ctru vé phuong phap du bao hién tuong
da bay trong khai thac mo 16 thién ¢ Viét Nam van con thiéu va han che Trong pham vi
nghién ctru ndy, phuong phéap phan tich mé phong thir nghiém da bay do né min gay ra bang
phuong phap dong luc hat min (SPH) trén phan mém LS-Dyna cho mé hinh 2D duoc xay
dung va ap dung thyc té cho tuyén mat cit B2 ctia mo da voi Mong Son, tinh Yén Béi. Két
qua ctia mo hinh cho thay kha ning ciia phuong phép thiy dong lre hoc hat min trong viée
phéan tich quy dao bay, khodng cach cua da bay trong qua trinh n6 min. Bing cach st dung
mo hinh véi cac thong s6 no thyc té tai mé nhom nghién ctru dé do dugc van toc va toc do
bay clia cac manh d4 tai cac thoi diém thiét lap, cu thé sau 1,5 gidy d4 bay xa nhat so véi
tam bii nd dat 85 m, twong g véi vén toc trung binh 40 m/s. Nghién ciru giap cac ky su
khai thac mo u6e lugng dugce khoang cach da bay cho tung vu né cu thé tai mo, qua do dua
ra nhitng bién phap phu hop dé giam thiéu hién tuong da bay, nang cao hi¢u qua nd min.
Tuy nhién, can tién hanh thém nhirng nghién ctru chi tiét va chuyén sau hon vé viéc ap dung
phuong phap SPH trén phan mém LS-Dyna cho mé hinh 3D, dong thdi can xem xét nhiéu
truong hop nd min thyc té theo ho chiéu thi cong va thi nghiém bd  sung cac tinh chat co ly
dé theo thudc tinh dit da tai mo phu hop voi vat li€u trong phan mém hd trg.

Twr khoa: Da bay; BDong luc hat min; M6 phdng; NS min; LS-Dyna.

1. Pit van dé

Trong khai thac mé 16 thién, phuong phap khoan nd6 min (KNM) duoc sir dung rong rai
va chiém ti trong cao trong dap v& va lam toi khoang san c6 ich (KSCI). KNM la khau cong
nghé dau tién va quan trong trong quy trinh cong ngh¢ khai thac mo va anh huong truc tiép
dén hiéu qua cua cac khau cong ngh¢ tiép theo. Muc tiéu chinh cuia KNM la dam bao tang
cuong hiéu qua khai thac dat d4 va khoang san c6 ich bing cach dam bao cung cap du khoi
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lwong voi chat luong dap v 13 t6t nhat, dong thoi giam thiéu chi phi va han ché tiéu cuc dén
mdi truong xung quanh [1-5]. Pé dat duoc cic muc tidu néu trén, can phai tién hanh tinh
toan chinh xac cac thong s6 nd min trong qua trinh thiét ké cing nhu ap dung cac ky thuat
n6 min hién dai. Cong tac KNM phai ¢am bao tuan thu cac yéu cau vé khdi lugng dat da can
1am toi, kich thudc cuc dat da phu hop theo yéu ciu cta san xuét, tdi thiéu hoa chi phi cho
toan bo ddy chuyén khai thac mo, dong thoi can phai giam thiéu va kiém soat cac anh huong
¢0 hai t61 moi truong xung quanh. Tom lai, vigc tdi wu hoa muac do dap vo dét da, khoang
cach dich chuyén kich thudc hinh hoc cua déng d4 sau nd min, déng thoi dam bao an toan
vé rung chan nén cong trinh, séng dap khong khi va da ving. Cac nd luc nay nham dat duoc
hiéu qua tdi da va giam thiéu tac dong tiéu cuc toi moi truong.

Trong n6 min khai thac mo 16 thién chi c6 20% dén 30% ning luong nd min duoc st
dung dé 1am toi va dap i dat d4 tir khdi nguyén. Phan ning luong con lai, bi lang phi dudi
dang da bay, chén dong nén cong trinh, song dap khong khi, tao ra bui va dap v& qua muc,

.. [6-9]. P4 bay xuat hién trong qué trinh n6 min 1a mo6i nguy hiém 16n nhat trong hoat dong
n6 min. P4 bay chiém khoang mét nira tong s vu tai nan lién quan dén nd min trén cac mo
19 thién. Tac gia [10] chi ra rang trén 40% céc vu tai nan c6 tir vong va trén 20% cac vu tai
nan nghiém trong xay ra trong khai thac mo ¢ An D6 1a do da bay. Pa bay vuot ra khoi khu
vuc ban kinh ving nguy hiém 1a nguyén nhan cua 25% cac vu tai nan do n6 min khai thac
mo 16 thién & My [11]. Dya trén cac so licu thdng ké vé tai nan cho thay cd t61 20%—-40%
cac vu tai nan lién quan den nd min 1a do da bay [12]. Nhitng nguy hiém va thiét hai do da
bay gay ra la mot van dé rat nghiém trong ké tir khi nd min dugc st dung dé lam toi dat da
Va KSCI. Mot s6 hau qué cua da bay 1a cac don kién ctia nguoi dan sinh séng quanh khu vuc
n6 min, do d4 bay gdy ra cac thuong tich nghiém trong hogc thdm chi tir vong. Ngoal ra, da
bay sinh ra trong né min ciing gy hu hong cic cong trinh va 1am hong hoc cac thiét bi, tham
chi 1a phai dong ctra mo.

Nguyén nhan dan dén hién tuong da bay trong n6 min khai thac moé c6 thé bao gdm mot
loat cAc nguy@n nhan, trong d6 c6 nhitng nguyén nhan co thé kiém soat va khong thé kiém
soat. Nhirg nguyén nhin co thé kiém soat bao gom, cac thiét ké nd min thiéu chinh xéc,
duong can chua chinh xac, chiéu cao cot bua chua di, khoang cach giira cac 16 khoan chua
chinh xac va st dung thudc nd c¢6 hiéu suat 16n. Dong thoi, cac nguyén nhan khong thé kiém
soat nhu didu kién dia chat bat 1oi (bao gom cac khe nut, 16 rdng, cac mat phan 16p, cac vi tri
c6 dia chét yéu, .. ..), thoi gian vi sai va trinh ty vi sai khong phu hop, su xudt hién cac nit
v& va da roi trén tang, ... cling gop phan vao cac nguyén nhan dan dén hién tuong da bay
[10-14]. Vi vay, viéc nghlen clru ngan chén cac diéu kién co6 the dan t61 hién tuong da bay
1a vin dé cap thiét, can tién hanh cac nd lyc hudng dén giai quyét van dé nay va dam bao an
toan va hiéu qua trong qua trinh khai thac mo.

Hién nay, hoat dong n6 min ngay cang tién gan cac khu dén cu, cac cong trinh can bao
vé, cac nguy co mat an toan do hoat dong n6 min cang tang cao. Néu khong kiém soat nhitng
anh huong c6 hai do nd min gay ra nhu chin dong nén cong trinh, song dap khong khi, bui
va dac biét la da bay s& dan t6i nhitng hau qua nghiém trong. D3 c6 rit nhiéu nha nghién ctru
da c¢b gang dua ra cac phuong phap tinh toan, du doan khoang cach da bay do nd min gay ra
nd min khi xem xét cac thong s6 nd min thiét ké va mot sb yéu to dia ky thuat. Bén canh do,
mdt s6 nha nghién ciru khac tiép can phan tich cac diéu kién nd min, cac théng sd nd min
thiét k&, dicu kién dia chat, hay tiép can dudi goc do quan ly rii ro, phén tich cac s6 ligu
thong ké tai nan lién quan dén d4 bay trong no min nham dwa ra cac md hinh xac dinh pham
vi da bay, mbi tuong quan gitta cac thong so n6 min thiét ké v6i khoang cach da bay va st
dung céc thong so thlet ke n6 min 13 thong s6 dau vao ciia cic mé hinh dy bao [15-21]. Nhiéu
nha nghién ctru dd ¢d ging du doan khoang cach da bay trong thong qua cac phwong trinh
thyc nghiém [22—23]. Tuy nhién, hiéu suat ctia cic mo hinh nay chua lam thoa mén trong
quy md thue dia din t6i thiéu chinh xac va thiéu co s¢ khoa hoc.
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Dé du bao khoang cach da bay, cac nd luc phat trién cac mé hinh khac nhau di duoc
nhiéu nha khoa hoc trén thé gi6i thuc hién véi cac két qua day htra hen nhu 4p dung mang
no-ron nhan tao va ky thuat logic mo dé du doan dé bay, st dung k¥ thuat may hoc may véc
to hd tro (SVS), phan tich xac xuat dé dé phan dinh ranh gidi khu vuc nguy hiém cua da bay
trong mot mo 16 thién [24-31]. Vi su ra doi cua cac cong cu khoa hoc, ky thuat va su cai
tién (ca phin cimg va phan mém) trong vai thap ky qua, gop phan cai thién do chinh x4c cua
cac du doan [32]. Viéc st dung cac mo hinh tri tué nhan tao (Artificial Intelligence - Al) nhu
hé théng suy luan mo (FIS), mang noron nhan tao (ANN), H¢ théng suy luan dya trén mang
thich nghi md ANFIS (Adaptive Network-based Fuzzy Inference System) dd dugc trién khai
thanh cong trong viéc giai quyét cac vin dé dia k¥ thuat phirc tap, gop phan giam nhitng tac
dong tiéu cuc cia nd min téi moi trudng xung quanh [33-36]. Cac mé hinh phén tich Al dua
trén viéc tan dung tinh chét linh hoat cta cac dit liéu, nhd d6 cac mé hinh c6 thé duge hiéu
chinh dé dang nhu mot cong cu tién lugng cho bat ky dir liéu mdi nao thu dugce. Loi ich nay
lam cho AI tré thanh mot cong cu nhanh va manh trong viée giai quyét cac van dé méi quan
hé phi tuyén ctia cac thong sd dau vao va dau ra va khong duge biét dén [37]. Tuy nhién, bén
canh nhimg uu diém nay, thi cdc mé hinh st dung k¥ thuat Al can thu thap mot luong 16n
cac thong sd dau vao, mit khac viéc do v& khoang cach da bay do cac vu no la hét sirc phirc
tap va khé khin. Cho dén nay, chua c6 nhiéu nghién ciru sir dung viéc mé hinh mé phong
hién twong da bay trong nd min, ...

Trong nghién ctru ndy, mot phuong phap méi da duoc dé xuat dé dy doan khoang cach
da bay trén co somd hinh dugc tao dya trén phuong phép dong luc hat min (Smooth Particle
Hydrodynamics - SPH), md hinh dugc phat trién boi [38]. Phuong phap nay dugc phat trién
dé tranh nhimg han ché gip phai trong céc bai toan bién dang cyc tri bang phuong phap phan
tir hitu han. Su khac biét chinh cua SPH va cac phuong phép ¢6 dién 1a SPH khong chia cac
diém nat. Cac hat 13 phan tir dai dién cho ddi tugng va mang tinh chat chung va riéng tiy
theo thudc tinh khai bao [39-40].

Bai bao thyc hién phéan tich mé phong thir nghiém da bay do n6 min gy ra bang phuong
phap SPH trén phan mém LS-Dyna cho mé hinh 2D dugc xdy dyung tir tuyén mit cit B2 cta
mé da voi Mong Son. Két qua ctia mo hinh cho thay kha ning cta phuong phap thiy dong
lyc hoc hat min trong viéc phan tich chuyén sau cong tac nd min.

2. Phwong phap nghién ciru va tai li¢u thu thiap

2.1. Khdi qudt vé khu viee mé da véi Mong Son, Yén Bai

Mo da Mong Son thudc dia
phéan xa& Mong Son, huyén Yén HY
Binh, tinh Yén Bai. Tong dién tich .
duogc cip phép cho khu A va B caa 4
mo 1a 13,9 ha (Hinh 1). Ciu truc dia
chat cua khu mo kha don gian, chu
yéu la da voi bi hoa héa mau trang,
da voi c6 mau trang thuan khiét c6
ciu trac hat bién tinh c6 kich thude
kha 16n.

Mo Mong Son dang tap trung
khai thac khu A v6i dién tich: 11,81
ha v6i hé théng khai thac theo 16p
bang tir trén xudng dudi, chiéu cao
tang 8,0 m; goc nghiéng suon tang,
a = 75° P4 trén mo dugce lam toi
bang phuong phap khoan nd min voi

Hinh 1. Bién gi6i khai truong mé Méng Son [41].
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16 khoan duong kinh d = 76 mm, phuwong phap n6 min vi sai phi dién toan phan véi thoi gian
gian cach 17 ms va 42 ms. Thudc né st dung 1a Anfo dang tii D60, thudc nhii turong D60
duoc kich nd bang kip phi dién xuong 16 400ms va mdi nd MN31- 175g/qua (d6i voi nd min
khai thac 1an 1). Luong thudc nd trong cot thude da phan duoc két ciu lién tyc.

2.2. Phuwong phap nghién ciru

Trong phan nay, tac gia s& tién gidi thiéu tong quan vé phuong phap dong luc hat min
(SPH), phuong thirc tac dong qua lai gitra cac hat trong SPH, cting nhu phuong trinh trang
thai ctia vat liéu ddc trung cho dét da, vat liéu nd phuc vu cho mé phong cong tac nd min trén
mo hinh 2D.

2.2.1. Cong thirc tiéu chudn ciia phwong phap dong luc hat mim (SPH)

Phuong phap SPH dugc thé hién dwa trén cong thic bac hai cta cac hat chuyén dong
(xi(t),wi(t))ieP, P la tp hop cac hat, xi(t) la vi tri cua hat thtr i; wi(t) 1a trong s6 cua hat thr i.
Cong thure bac hai cho mot ham c6 thé dugc viét nhu sau:

jf(x)dx =;Wj(t).f (x,(1)) (1)

Cong thue bac hai (1) cung voi trang thai lam min hat nhan (smoothing kernel), hinh
thanh 1én dinh nghia vé mdt ham gia tri gan dung cta hat. Gia tri ndi suy cia ham u(x) tai vi
tri x st dung phuong phép SPH la:

T (u(xi)) = D wi®)-u(x;) w(xi—x; h) @)
jeQ

Trong d6 X 1 trén tt ca cac hat bén trong Q va trong ban kinh 2h, W 1a vi tri hat nhan
ndi suy dua trén duong “spline” ¢ ban kinh 2h; h 1a @6 dai lam min theo thoig gian va khong
gian. Ham kernel dugc dinh nghia nhu sau:

w(xi—xj,h)zﬁe{:(‘x‘;;} )

W(xi— Xj,h)—8 khi h—0, & 12 ham Dirac, h 14 mot ham cua xi va X;, duoc goi 1a chiéu dai
lam min cua ham hat nhan.
Ham xay dung duong “spline” dugc dinh nghia:

1—gd2+%d3 Khi 0<d<1
1 3

0(d)=Cx<:=(2-d i 1<d<

(d) 4( )" i 1<os2 ()
0 Khac

Vi d 1a s6 chiéu khong gian. Do dc ciia ham u(x) duoc dua ra bang cach ap dung toan
tir dao ham trén do dai lam min:

Hh(u(xi))=Zjlw,--u(xj)-VW(xi—xj,h) (5)

Danh gid moét tich ndi suy cua hai ham dugc cho béi tich cac gia tri ndi suy cua ching
(Hinh 2).
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W(r,h)

2h

Hinh 2. Vi tri ndi suy ctia ham hat nhan 2D [42].

2.2.2. Phuong trinh lién tuc va phuong trinh dong lugng cia cac hat trong phuong phép dong
Iuc hat min

Gi4 tri gan diing cua hat trong phuong trinh lién tuc dugc xac dinh nhu sau:
d [ m
B = o Mi(vi=v}) i B (6)
dt b P

£ 1 . A, 1.0 A T I U ) A, 10n .y . , B
N6 la Galilean bat bien do vi tri va van toc hat chi xuat hi¢n khi c6 sy sai khac, \/; la

thanh phan vén toc tai hat tht i. i
Dang roi rac cia phuong trinh dong lugng SPH dugc phat trién thanh:

dve |
=2 (o o wi B )
}PiP;

Cong thirc trén dam bao rang ng suat tu dong lién tuc trén cac bé mat tiép giap vat liéu.
Céc loai phuong trinh dong lwong SPH khéac nhau c6 thé dat duoc thdng qua viéc 4p dung
cac phuong trinh dong nhat vao phuong trinh dong lugng SPH thong thuong. Tinh dbi xang
ctia phuong trinh dong luong SPH c6 thé 1am giam céac 15i phat sinh tir van dé khdng nhat
quan cua hat.

Twr cong thuce (7), cac thanh phﬁn lyc tac dung 1én ting hat dugc xac dinh:

I:ipressure — _Z mjpi+pjvw(rija h)
j 2p;

(8)

Ivlscosnty HZ VI+VJV W(r”, h)
j 2p i
Trong d6 rjj=xi — Xj, 1 12 hé s6 nhét cia vat lidu. Ap suat pi duoc tinh toan thong qua
phuong trinh cau thanh:
pi=k(pi—po) , , )
Trong d6 k 1a @6 cung cua vat liéu va B 1a mat d6 ban dau ctia né. Cuodi cung, doi voi gia
toc cua hat 1, ta co:
B 1
ai= p,( pressure + Flvlscosny + Fexternal)

(10)

Trong d6: FF**™al 13 cac luc bén ngoai nhu luc tic dong 1én than hodc luc do tiép xuc.

2.2.3. Tuong tac gitta cac hat trong moé phdong

Hinh 3 cho théy tat ca cac _phép ndi suy SPH dugc thyc hién bén trong cac mién cyc bd
ctia tirng phan SPH. Céc luc tiép xtc s& duge ap dung cho cac luc lugng bén ngoai nhu cong
thae 10.
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Ferav Forav

F 3
e PhanI

Tiép xic can thiét trén beé mat

. Phan II
Hat nuoc (nang)

O Hat dau (nang)

Hinh 3. Tuong tac gitra cac ndt voi ndt [43].

Trong hé théng nay, luc tiép xuc day tac dung 1én hat do tiép xtc Fe, ty 1¢ thuan véi sy
dich chuyén hodc chong chéo giita cac hat 3.
Fc = Kid (11)
Trong d6: 6 =d-2d vaKla héng s6 10 xo tuyén tinh hodc d6 cimg. Néu tiép diém duoc
mo hinh héa chi st dung 16 xo tuyén tinh nay, s¢ khong c6 nang lugng nao dugc tiéu thu va
tiép diém s& dan hoi hoan hao. Trén thuc té, mot s6 dong nang bi ti€u hao trong blen dang
déo, hodc chuyén thanh niang luong nhiét hoic 4am thanh. Dé giai thich cho nhitng ton that
nang luong d6, mot ngudn giam chan tiép xuc dya trén mo hinh dashpot duge xéac dinh:

Fa=mv (12)
Luyc giam chan tiép xuc ty 1€ vdi van toc twong doi cua cac hat tiép xuc, trong d6 hang
s0 ty 1€ n dugc goi 1a h¢ s6 giam chan, v =vi — Va.

2.2.4. Phuong trinh dac trung cua vt li¢u str dung trong mo phong

Cung voi sy ra doi cua phuong phap SPH, cac mo hinh vat liéu vat chat duoc xay dung
va phat trién dé giai quyét cac van dé duéi trinh mé phong ciia phan mém LS-Dyna. Trong
pham vi nghién ctru da bay do nd min giy ra, nhém nghién ciru st dung cac mé hinh dic
trung cho dat da: Mo hinh Riedel Hiermaier Thoma - RHT; mé hinh vat liéu nd (High
Explosive Burn - HEB) v&i phuong trinh trang thai ctia vat liéu no (Jones Wilkins Lee - JWL).

- Mo hinh vat liéu dat da (RHT)

Dac tinh cua dé 1a mot loai vat liéu gion [44]. Do do, vat liéu hgp phu phong trong LS-
Dyna la vat liéu Riedel Hiermaier Thoma - RHT, dugc phat trién boi [45]. RHT bao gém 03
bé mit phu thudc ap suit trong khong gian g sudt, 1a cac trang thai gidi han khac nhau, cu
thé 1a gi6i han pha hity, gioi han dan hoi va pha hay th phit.

Gidi han pha hity Y pha hay duge dinh nghia 1a mot ham ap suét p, goc 0 va ti 1¢ bién dang
g, duoc xac dinh bﬁng cong thuec.

phahuy(p 0, 8) YTXC(p )-R;(0). me(g) (13)

Trong d6 p” 12 4p suat dugc chuan bang ham fe, p*= p/ fe, v6i p 1a ap sudt thay tinh, fc 12
cudng do nén; Rs(6) 1a ham xac dinh sy phy thudc bt bién ctia mot hinh; Fiii¢ 1a toc do bién
dang, duoc thé hién thong qua sy gia tang d6 ben dut gy véi toc d6 bién dang déo; Yiyc 12
cuong do ung suat turong duong trén kinh tuyén nén.

Gidi han dan hoi dugc xac dinh dua trén viéc chia ty 1& bé mat pha va, duoc xac dinh
theo cong thirc 14:

Y danhéi = Yphahiy - Faannéi . R3(0) . Fcap (p*) (14)
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Trong d6 Famnsi 12 ti 1€ gitra gioi han dan hdi va gi6i han pha hay; Feap(p*) 14 ham gi6i
han tng suét 1éch dan hoi khi nén thuy tinh, gia tri trong khoang (0,1). i

Pha huy thtr phat dé mo ta cuong do ctuia da bi nghién nat hoan toan, dugc xac dinh qua biéu
thurc:

Yr’:hahuythupha = B'p*M (15)

Trong d6 B 12 hang sb mdt pha huy thir phat; M la sd mii mat pha huy thir phat.

- Phuong trinh lan truyén séng (g suat cua luong thude (JWL)

Doi voi lugng thude nap trong 10, md hinh véat liéu thuoc nd (High Explosive Burn -
HEB) str dung trong LS-Dyna véi phuong trinh trang thdi JWL dugc xéc dinh qua phuong
trinh [45]:

“R;V (O_E

® | _Rv 0]
e v +B(l-—)e + 16
XV 2V v (16)

P=Al-

Trong d6 P 1a song Gmg sudt, A, B, R1, Rz VA o 1a cac hing s, V 1a thé tich riéng va Eo
1a ndi nang c6 gia tri ban dau la Eo.

3. Két qua va théo ludn

3.1. M6 hinh mé phong da bay cho mo da voi Mong Son bang phwong phdp SPH trén phan
mém LS-Dyna

Hién nay, tai mot s6 bii n6 san xuat ctia mo, v6i thong sd khoan nd min dang ap dung,
d3 1am tang nguy co mét an toan da vang. Do d6, dé danh gia mirc d6 anh hudng ciia d4 ving
dén san xuat, bai bao thyc hién mé phong khau né min bang phan mém LS-Dyna trén mat
cit tuyén B2 cia mé (Hinh 4).
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Hinh 4. Mt cét tuyén B2 mo Mong Son va so do nap nd thyc hién st dung dé mo phong nd min
trén phan mém LS-Dyna.

Céc thong s6 khoan nd trén mo hinh 2D dugc trinh bay tai bang 1.
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Bang 1. Thong s6 khoan nd min trén mo hinh mo phong.

Théng s6 K§y hiéu Ponvi Gia tri

Chiéu cao ting h m 8
Khoang cach cac hang b m 2,6
Chiéu dai nap bua Ly m 3,2
Chiéu dai nap thube L m 5,8
DPuong kinh 16 khoan dk mm 76
Puong khang chén ting w m 2,6
Loai thuc Anfo
Thoi gian vi sai ms 17

Céc vat lidu dai dién cho méi truong dat d, thude nd twong thich véi cac thude tinh cta
vat ligu RHT, JWL trong LS-Dyna dugc xac dinh dya trén tai li€u dia chit cua mo da voi
Mong Son va cac nghién ctru da c6 vé tinh chét co 1y ctia d4 voi thé trong 2,72 g/em?®. Céc
thong s6 chinh cua vat liéu xem bang 2.

Bang 2. Thong s chinh cua vat lidu dua vao mo hinh mé phong.

Théng sé Gia tri Théng sb Gia tri
Mb hinh vat liégu RHT
Ty trong, g/cm? 2,72 Cuong do pha va, Pa 4,008
Cudng do chiu kéo, kG/cm? 60,77 Tbc d6 phé v bién dang kéo 3,008+19
Cuong d6 khang nén, kG/cm? 750,77 | Tbc do pha v bién dang nén 3,008+19
Goc ma sét trong, do 34935 Tbc d6 bién dang kéo 3,00e 8
Mo dun bién dang, kG/cm? 4,08 Téc d6 bién dang nén 3,00e°
M6 dun dan hoi, Pa 2,47¢10 | Hé sb 1am giam mo dun cat 0,5
Do 15 rdng 1,94 Bién dang phé v& téi thiéu 0,015
Phwong trinh trang thai séng wng suat JWL

Ty trong, kg/m3 931 Ap luc nd, Pa 5,15e*°
Téc do nd, m/s 4.200
Hé s trang thai (A), Pa 4,95¢*10 | He s6 trang thai (R2) 1,118
Hé sb trang thai (B), Pa 1,89 | Hé sé trang théi (o) 0,33
H¢ s6 trang thai (R1) 3,907 Esﬁgpi‘;%‘gg no tén 1 don vithe 5 geus

Thong s6 k¥ thuat may tinh st dung dé mo phong coéng tac nd min nhu sau: Intel(R)
Core(TM) i7-10700 CPU @ 2.90GHz va RAM 16.0 GB. Vi thoi gian ghi nhan ket qua sau
1,5 gidy, m6 phong hoan thanh tinh todn sau 12 gio trén phan mém LS-Dyna.

3.2. Két qud mé phéng dd bay cho mé da véi Mong Son bang phwong phdp SPH trén phan
mém LS-Dyna

Bai béo thiét 1ap do dir liéu m6 phong hién tugng da bay trong qua trinh n6 min trén mo
hinh 2D cua mat cat tuyén B2 tai mo da v6i Mong Son sau 1,5 gidy. Két qua thu duoc qua
cac moc thoi gian 0,5 gidy; 1,0 gidy va 1,5 gidy, xem hinh 5.
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Hinh 5. M6 phong qué trinh nd min véi phan mém LS-Dyna: (a) 0,5 gidy; (b) 1,0 gidy; (c) 1,5 giay.

7 Pé danh gia khoang cach da bay, van toc da bay sau 1,5 gidy kich nd luong thude. Pit 3
diém do trén mé hinh mo6 phdng (Hinh 5c¢). Két qua giam sat dugc thé hién tai hinh 6.

Pifm 1

80

Pifm 2

R 60
biém 3

o0
o

. W
40 ° ol

Vin tde bay, m/s

Khoing cach dich chuyén, m

20

RO I O
0.6 0.8 1 1.2 14 0 0.2 0.4 0.6 08 1 12 1.4

Théi gian, gidy Thei gian, gidy

Hinh 6. Vén tdc (a) va khoang cach (b) da bay tir 0 + 1,5 gidy: (a) Véan toc da bay trén 3 diém khao
sét; (b) Khoang cach bay trén 3 diém khao sat.

Két qua do tai cac diém giam sat cho thiy: Vi thong s6 mang né nhu bang 1, sau 1,5
gidy, da bay xa nhat 50 V01 tam bai né dat 85 m, twong Umg voi van toc trung bmh 40 m/s.
Nhu vay, thong s6 mang nd tlem an nguy co mat an toan da ving cho mé Méng Son. Do do,
can tinh toan, lya chon thong s6 KNM theo diéu kién an toan d4 vang.

4. Két luan

Phuong phédp md phong qua trinh nd min va xac dinh quy dao bay, ciing nhu khoang
cach bay cua dat da trong qué trinh nd min st dung cong cu méd phong hién chua dugc sur
dung rong rai ¢ nudc ta. Viéc ap dung cac cong thirc thyc nghiém dé xac dinh khoang cach
da bay 1a chua phu hop véi diéu kién thyc té trong qué trinh né min. Trong khi d6, viéc ap
dung cac thuat toan may hoc va md hinh tri tué nhan tao (Al) doi hoi viéc thu thap mot lugng
16n cac thong s6 dau vao. Bén canh d6, viéc do vé& khoang cach da bay do cac vu nd ciing gip
nhiéu khé khin va phirc tap.

Phuong phap mé hinh sé di tro thanh giai mot phap dang tin cdy trong viéc nghién ctru,
phan tich va dénh gia cac tac dong co hoc. Két qua ciia mo hinh di chimg minh kha ning cia
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phuong phap thay dong luc hoc hat min trong viéc phan tich chuyén sau cong tac nd min. Sir
dung phuong phap ndy, cac k¥ su khai thac mé va nha quan 1y an toan trong qua trinh nd min
¢6 thé dy doan so bod khoang cach da bay trong tirng vu nd, dua trén cac diéu kién nd min
thuc té tai mo, théng qua viéc nhap cac thong s dau vao cho méd hinh mé phong.

Duya trén phén tich qua trinh tac dung nd min st dung phuong phap SPH 2D, duoc ap
dung trén tuyén mit cat B2 ciia mo da voi Méng Son, nhirng két qua da thu duoc cho thy
rang hién tai m6 hinh thiét ké KNM cua mo dang tiém an nguy co mat an toan do da vang.
Do d6, can tién hanh nghién ctru, tinh toan va thay ddi cac lai théng sé KNM sao cho hop 1y.
Tuy nhien dé dat duoc diéu nay, can tién hanh thém nhimg nghién ctru chi tiét va chuyén
sau hon vé viée ap dung phuong phap SPH trén phan mém LS-Dyna cho md hinh 3D, dong
thoi can xem xét nhidu trudng hop nd min thyuc té theo ho chiéu thi cong va thi nghiém Cac
tinh chat co 1y d4 bd sung theo thudc tinh dat da tai mé phu hop véi vat lidu trong phan mém
hd tro. Muc ti€u cta vigc nay la dé nang cao murc do chinh xac cia mé phong, dong thoi thiét
1ap thoi diém quan sat dai hon dé dam bao viéc xac dinh dy du c4c hién tugng da bay theo
cac hudng va theo cac thoi diém cia vu nd.

Dong gop cuia tac gia: Xay dung y tudng nghién cuu: T.D.B.; B.V.Tr., HV.V.; Lua chon
phuong phép nghién ctru: T.D.B.; B.V.Tr.; N.D.A.; Thu thap sb liéu thuc té taimo: HV.V,,
HD.N.; Xirly sb liéu: T.D.B.; D.V.Tr.; H.V.V.; B.X.D.; Viét ban thao bai bao: T.D.B.;
b.V.Tr,; B.V.D,, N.b.A;; HV.V,; H.D.N.; Chinh sta bai bao: T.D.B.; B.V.Tr.; HV.V,,
H.D.N.

Léi cam on: Nhom tac gia xin chan thanh cam on PGS.TS. Pam Trong Thang, Hoc vién k¥
thuat quan su da gitp d& trong qua trinh chay mé hinh mé phong nd min bang phan mém ban
quyén LS-Dyna/Ansys. Bén canh do, tap thé tac gia trin trong cam on su giup d& cla cic
nha khoa hoc thuéc Nhém nghién ciru manh Nhimg tién bo trong Khai thac mé bén viing va
¢6 trach nhiém (ISRM), Truong Pai hoc Mo - Dija chat, Ha Noi, Viét Nam di hd tro dé, cb
van khoa hoc trong qua trinh nhom tac gia thyc hién nghién ctru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ciru ctia tap thé tac
gia, chua dugc cong bd & dau, khong duge sao chép tir nhitng nghién ctru trude day; khong
c6 su tranh chap loi ich trong nhom tac gia.
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Abstract: Flying rock is the most serious danger released from blasting in open pit mines.
More than a half of accidents due to blasting is related to rock flying. It is considered as
serious problems because it raises negative complains from the locals who lives nearby the
blasting areas. Nevertheless, there are few studies on rock flying in Vietnam in particular.
This study focuses on Smooth Particle Hydrodynamic (SPH) method on LS-Dyna software
to model rock flying on B2 section at Mong Son quarry, Yen Bai province. The result
indicates the potential of Smooth Particle Hydrodynamic (SPH) method in analyzing the
rock flying trajectory and distance in blasting. Using blasting practical parameters at the
mine site, the software has estimated the flying velocity at various location and time. In
which, the rock flying velocity is about 40 m/s at the distance of 85 m from the blasting
point after 1.5 second. This study aims to help engineers to estimate rock flying distance on
specific explosions. As a result, they are able to propose effective solutions to reduce the
negative effects of rock flying and improve their blasting. However, it is necessary to
implement more studies on the practicality of LS-Dyna software for 3D modelling. It is
required to consider different practical cases in blasting based on blasting designs and rock
mechanics regarding to the materials available in the software.

Keywords: Flyrock; SPH; Simulation; Blasting; LS-Dyna.
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