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Tém tit: Da bay 1a mbi nguy hlem lon nhét trong hoat dong nd min khai thac mo 16 thién.
b4 bay chlem khoang mét nira téng s6 vu tai nan lién quan dén nd min trén cac mo 16 thién,
day la mot van dé nghiém trong va gy ra nhirg phan tng tiéu cyc cua cong ddng dan cu
song quanh khu vue né min. Tuy nhién, cac nghién ctru vé phuong phap du bao hién tuong
da bay trong khai thic mo 16 thién & Viét Nam van con thiéu va han che Trong pham vi
nghién ciru nay, phuong phap phan tich mé phong thir nghiém da bay do n6 min gay ra bang
phuong phép dong luc hat min (SPH) trén phan mém LS-Dyna cho mé hinh 2D dugc xay
dung va ap dung thyc té cho tuyén mat cat B2 ciia mé da voi Mong Son, tinh Yén Bai. Két
qua ctia mo hinh cho thiy kha ning ciia phuong phap thuy dong lue hoc hat min trong viée
phén tich quy dao bay, khoang cach cua da bay trong qua trinh nd min. Bing cach str dung
md hinh véi céc thong so no thye té tai mo nhom nghién ctru da do dugc van tde va tde do
bay cua cac manh da tai cac thoi diém thiét 1ap, cu thé sau 1,5 gidy d4 bay xa nhat so véi
tam bai nd dat 85 m, twong g v&i van tdc trung binh 40 m/s. Nghién ctru gitp cdc ky su
khai thac mo wde luong duge khoang cach da bay cho timg vu né cu thé tai mo, qua do dua
ra nhirng bién phap phu hop dé giam thiéu hién tuong da bay, nang cao hiéu qua nd min.
Tuy nhién, can tién hanh thém nhiing nghién ctru chi tiét va chuyén sau hon vé viéc ap dung
phuong phap SPH trén phan mém LS-Dyna cho m6 hinh 3D, dong thoi can xem xét nhiéu
truong hop nd min thuc té theo ho chiéu thi cong va thi nghiém b6  sung cdc tinh chat co ly
d4 theo thudc tinh dat d4 tai mo phu hop véi vat liéu trong phan mém hd tro.

Tir khoa: Pa bay; Pong luc hat min; M6 phong; N6 min; LS-Dyna.

1. Dit van dé

Trong khai thac mo 16 thién, phuong phap khoan né min (KNM) dugc sir dung rong rii
va chiém ti trong cao trong ddp v& va lam toi khoang san c6 ich (KSCI). KNM la khiu cong
ngh¢ dau tién va quan trong trong quy trinh cong ngh¢ khai thac mo6 va anh huong tryc tiép
dén hiéu qua cua cac khau cong nghé tiép theo. Muyc tiéu chinh cuia KNM 1a dam bao tang
cuong hiéu qua khai thac dat da va khoang san c6 ich bang cach dam bao cung cép du khdi
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luong vai chét luong dap v 13 t6t nhat, dong thoi giam thiéu chi phi va han ché tiéu cuc dén
moi truong xung quanh [1-5]. Pé dat duoc cac muc tiéu néu trén, cin phai tién hanh tinh
toan chinh xac cac thong so nb min trong qua trinh thiét ké cing nhu ap dung cac ky thuét
n6 min hién dai. Cong tic KNM phai dam bao tuan thu cac yéu cau vé khdi lwong dat da can
lam toi, kich thudc cuc dat d4 phii hop theo yéu ciu cua san xuét, t6i thiéu hoa chi phi cho
toan bo day chuyén khai thac mo, dong thoi can phai giam thiéu va kiém soét cac anh hudng
c6 hai t61i moi truong xung quanh. Tém lai, viéc tdi wu hoa muc do dap vo dét da, khoang
cach dich chuyén kich thudc hinh hoc ctia dong da sau nd min, déng thoi dam bao an toan
vé rung chan nén cong trinh, song dap khong khi va d4 vang. Cac nd luc nay nham dat dugc
hiéu qua t6i da va giam thiéu tac dong tiéu cyuc toi moi truong.

Trong n6 min khai thac mé 16 thién chi c6 20% dén 30% nang lwong nd min dugc sir
dung dé 1am toi va dép i dat da tir khoi nguyén. Phan ning luong con lai, bi ling phi dudi
dang da bay, chin dong nén cong trinh, song dap khong khi, tao ra bui va dép v6 qua muc,

.. [6-9]. D4 bay xudt hién trong qua trinh né min la moi nguy hiém l6n nhat trong hoat dong
n6 min. D4 bay chiém khoang mdt nira tong s6 vu tai nan lién quan dén nd min trén cac moé
16 thién. Téc gia [10] chi ra rang trén 40% cac vu tai nan co6 tir vong va trén 20% céc vu tai
nan nghiém trong xay ra trong khai thac mo6 ¢ An D06 1a do dé bay. Da bay vuot ra khoi khu
vue ban kinh ving nguy hiém la nguyén nhan cua 25% cac vu tai nan do nd min khai thac
mo 16 thién & My [11]. Dya trén céac s lidu théng ké vé tai nan cho thay cd t61 20%—-40%
cac vy tai nan lién quan dén nd min 1a do da bay [12]. - Nhiing nguy hiém va thiét hai do da
bay gy ra la mgt van dé rat nghiém trong ké tir khi nd min duoc sir dung dé l1am toi dat da
va KSCIL. Mot s6 hau qua cua dé bay 1a cac don kién ciia nguoi dan sinh song quanh khu vuc
nd min, do da bay gdy ra cac thuong tich nghiém trong hoac tham chi tir vong. Ngoai ra, da
bay sinh ra trong né min ciing gdy hu hong cac cong trinh va 1am héng hoc cac thiét bi, thim
chi 1a phai dong ctra mo.

Nguyén nhan dan dén hi¢n tugng d4 bay trong n6 min khai thac mé c6 thé bao g6m mot
loat cac nguyén nhan, trong d6 c6 nhiing nguyén nhén ¢ thé kiém soat va khong thé kiém
soat. Nhitng nguyén nhan c6 thé kiém soat bao gdm, cac thiét ké nd min thiéu chinh xéc,
dudng can chua chinh xac, chidu cao cot bua chua du, khoang cach gitra cac 16 khoan chua
chinh xéc va sir dung thude nd c6 hiéu suat 16n. Dong thoi, cic nguyén nhan khong thé kiém
soat nhu diéu kién dia chét bat lgi (bao gdm céc khe nut, 18 rdng, cac mat phén 16p, cac vi tri
c6 dia chat yéu, .. .-), thoi gian vi sai va trinh ty vi sai khong phu hop, su xuat hién cac nit
v& va da roi trén tang, ... ciing gop phan vao cac nguyén nhén dan dén hién tuong da bay
[10-14]. Vi vay, viéc ngh1en clru ngén chén céc diéu kién c6 the dan to1 hién tuong da bay
1a van d& cép thiét, can tién hanh cac nd luc hudng dén giai quyét van dé nay va dam bao an
toan va hi¢u qua trong qua trinh khai thac mo.

Hién nay, hoat dong nd min ngay cang tién gan cac khu dan cu, cac cong trinh can bao
vé, cac nguy co mat an toan do hoat dong n6 min cang téng cao. Néu khong kiém soat nhiing
anh huong ¢ hai do nd min gy ra nhu chin dong nén cong trinh, song dap khong khi, bui
va ddc biét la da bay s& dan t6i nhitng hau qua nghiém trong. D3 c6 rat nhiéu nha nghién ciru
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 sd yéu to dia ky thuét. Bén canh do,
mot s6 nha nghién ctru khac tiép can phén tich cac diéu kién nd min, cac thong sd no min
thiét ké, diéu kién dia chat, ‘hay tiép can dudi goc do quan ly rui ro, phén tich cac s6 licu
thong ké tai nan lién quan dén d4 bay trong no min nham dua ra cac mo hinh xéac dinh pham
vi da bay, mdi tuong quan gitra cac thong so n6 min thiét ké véi khoang cach d4 bay va sir
dung cac thong so thlet ke n6 min 1 thong sé diu vao ciia cac mo hinh dy bao [15-21]. Nhiéu
nha nghién ciru da cb ging du doan khoang céch da bay trong thong qua cac phuong trinh
thuc nghiém [22—23]. Tuy nhién, hiéu suit ciia cic md hinh ndy chua lam théa man trong
quy mo thuc dia dan téi thiéu chinh xé4c va thiéu co s& khoa hoc.
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bé du bao khoang céach da bay, cac nd luc phat trién cac mé hinh khac nhau da duoc
nhiéu nha khoa hoc trén thé gi6i thuc hién véi cac két qua day hira hen nhu 4p dung mang
no-ron nhan tao va k¥ thuat logic mo dé du doan da bay, sir dung k¥ thuat may hoc may véc
to hd tro (SVS), phan tich xac xuat dé dé phan dinh ranh giéi khu vuc nguy hiém cia da bay
trong mot mo 19 thién [24-31]. V&i su ra doi clia cac cong cu khoa hoc, k¥ thuat va sy cai
tién (ca phan ctmg va phan mém) trong vai thap ky qua, gop phan cai thién d6 chinh xac cta
cac dy doan [32]. Viéc st dung cdc md hinh tri tu¢ nhan tao (Artificial Intelligence - AI) nhu
hé théng suy luan mo (FIS), mang noron nhan tao (ANN), HE théng suy luan dya trén mang
thich nghi md ANFIS (Adaptive Network-based Fuzzy Inference System) da duogc trién khai
thanh cong trong viéc giai quyét cac van dé dia k¥ thuat phtrc tap, gop phan giam nhiing tac
dong tiéu cyc ciia nd min tdi moi trudng xung quanh [33—36]. Cac mé hinh phén tich AT dwa
trén viéc tan dung tinh chét linh hoat cta cac dir liéu, nhd d6 cac mé hinh c6 thé duoc hiéu
chinh d& dang nhu mét cong cuy tién lugng cho bat ky dit liéu méi nao thu dugc. Loi ich nay
lam cho Al tr¢ thanh mét cong cu nhanh va manh trong viéc giai quyet cac van d& mdi quan
hé phi tuyén cua cac thong s dau vao va dau ra va khong duoc biét dén [37]. Tuy nhién, bén
canh nhing wu diém nay, thi cac mo hinh str dung k¥ thuat Al can thu thap mot luong 16n
cac thong s6 dau vao, miat khac viée do v& khoang cach da bay do cac vu nd 1a hét stc phirc
tap va kho khan. Cho dén nay, chua c6 nhiéu nghién ctru sir dung viéc mé hinh mé phong
hién tuong dé bay trong nd min, ....

Trong nghién ciru ndy, mot phuong phap méi da duogc dé xuét dé dy doan khoang cich
da bay trén co sdmo6 hinh dugc tao dua trén phuong phap dong luc hat min (Smooth Particle
Hydrodynamics - SPH), md hinh dugc phat trién boi [38]. Phuong phap nay dugc phat trién
dé tranh nhitng han ché gip phai trong cac bai toan bién dang cyc tri bang phuong phap phan
tir hitu han. Sy khéc biét chinh cia SPH va cac phuong phép c¢b dién 1a SPH khéng chia cac
diém nut. Cac hat 1a phan tr dai dién cho d6i twong va mang tinh chat chung va riéng tuy
theo thudc tinh khai bao [39—-40].

Bai bao thyc hién phan tich mé phong thir nghiém da bay do nd min gdy ra bang phuong
phap SPH trén phan mém LS-Dyna cho mé hinh 2D dugc xay dung tir tuyén mit cit B2 cia
mo d4 voi Mong Son. Két qua ctia mé hinh cho thay kha ning cta phuong phap thily dong
luc hoc hat min trong viéc phan tich chuyén sau cong tac nd min.

2. Phuwong phap nghién ctru va tai liéu thu thiap

2.1. Khdi qudt vé khu viee mé da voi Mong Son, Yén Bdi

Mo da Mong Son thudc dia
phan xa Mong Son, huyén Yén }i¥
Binh, tinh Yén Bai. Tong dién tich I
dugc cap phép cho khu A va B cua
mo 1a 13,9 ha (Hinh 1). Cau tric dia g
chat ciia khu mo kha don gian, chi |
yéu la da voi bi hoa hoa mau trang, (43
da voi c6 mau trang thuan khiét co
cAu trac hat bién tinh c6 kich thudc
kha 16m.

Mé6 Moéng Son dang tap trung
khai thac khu A véi dién tich: 11,81
ha v6i h¢ thong khai thic theo 16p
béng tr trén xuéng dudi, chiéu cao
tang 8,0 m; goc nghiéng sudn tang,
o = 75° Da trén moé duoc lam toi
bang phuong phap khoan nd min véi

Hinh 1. Bién gidi khai truong mé Mong Son [41].
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16 khoan duong kinh d = 76 mm, phuong phap nd min vi sai phi dién toan phan v6i thoi gian
gian cach 17 ms va 42 ms. Thudc n6 su dung 1a Anfo dang tai D60, thudc nhit trong D60
duoc kich n6 bang kip phi dién xuong 16 400ms va mdi nd MN31- 175g/qua (d6i v6i nd min
khai thac 1an 1). Luong thude nd trong cot thude da phan duoc két cau lién tuc.

2.2. Phuong phap nghién cuu

Trong phan nay, tac gia sé tién gidi thidu tong quan vé phuong phap dong luc hat min
(SPH), phuong thurc tac dong qua lai gitra cac hat trong SPH, cing nhu phuong trinh trang
thai cua vat liéu dic trung cho dat d4, vat liéu nd phuc vu cho mé phéng cong tac nd min trén
mo hinh 2D.

2.2.1. Cong thuc tiéu chuan ctia phuong phap dong luc hat mim (SPH)

Phuong phap SPH dugc thé hién dua trén cong thic bac hai cua cac hat chuyén dong
(xi(t),wi(t))i€P, P 1a tap hop céc hat, xi(t) la vi tri cua hat thir i; wi(t) 1a trong s6 cua hat thu i.
Cong thuc bac hai cho mot ham c¢6 thé dugc viét nhu sau:

J.f(x)dx :ZWj(t).f(X,(t)) (1)

Cong thirc bac hai (1) cung vo6i trang thai 1am min hat nhan (smoothing kernel), hinh
thanh 1én dinh nghia vé mot ham gia tri gin duing ciia hat. Gia tri ndi suy ctia ham u(x) tai vi
tri x sir dung phuong phép SPH la:

I (u(xi)) = 2 wi-u(x;)-w(xi—x3h) (2)
jeQ

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

W(Xi_Xj,h):%G{Xi_Xj} 3)

h(x,y)
W(xi— xj,h)—d khi h—0, § 1a ham Dirac, h 1a mot ham cua x; va x;, dugc goi 1a chiéu dai
lam min cta ham hat nhan.

Ham xay dung dudng “spline” dugc dinh nghia:

1—3(12+%d3 Khi 0<d<l

0(d) = Cx %(2 - d)3 Khi 1<d<2 (4)

O Khac

Véi d 1a s6 chidu khong gian. Do doc ctia ham u(x) duoc dua ra bang cach ap dung toan
tir dao ham trén d6 dai lam min:

VHh(u(Xi)):Zj:Wj-u(Xj)-vw(Xi_Xjah) (5)

Panh gia mét tich ndi suy cua hai ham dugce cho boi tich cac gia tri ndi suy cta ching
(Hinh 2).



Tap chi Khi tiwong Thiy van 2023, 750, 66-78; doi:10.36335/VNJHM.2023(750).66-78 70

W (1)

—p

2h

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

2.2.2. Phuong trinh lién tuc va phuong trinh dong lugng cua cac hat trong phuong phap dong
luc hat min

Gia trj gin dung cua hat trong phwong trinh lién tuc duoc xac dinh nhu sau:

dp, _
£=pizﬁ(wﬁ—v§)wn’ﬁ (6)
dt Ip;

NG 12 Galilean bét bién do vi tri va van tc hat chi xuét hién khi co su sai khac, v, 1a

thanh ph?m vén tdc tai hat th i.
Dang rdi rac cua phuong trinh dong luong SPH dugc phat trién thanh:

d fx i ol ol
L:_Zﬂ(GiBiGjD)Win (7)
dt 1 PiP;

Cong thirc trén dam bao rang tng suit tu dong lién tuc trén cac bé mat tiép giap vat liéu.
Céc loai phuong trinh dong lwong SPH khac nhau c¢6 thé dat dwoc thong qua viéc ap dung
cac phuong trinh dong nhat vao phuong trinh dong lwgng SPH thong thudng. Tinh ddi xtimg
ctia phuong trinh dong lwong SPH c6 thé lam giam céac 15i phat sinh tir van dé khong nhét
quan cua hat.

Tu cong thuc (7), cac thanh phﬁn luc tac dung I1én ting hat dugc xac dinh:

P = -3 mjpi;—pJVW (rij, h)
j .

]

FY o = Y, YYivw (1, h)

- i
J

(8)

P;
Trong d6 rij=x; — xj, u 1a hé s6 nhét cua vat liéu. Ap suat p; dugc tinh toén théng qua
phuong trinh cau thanh:

pi=k(pi—po) ) ) %)
Trong do6 k 1a d6 cung cna vat li¢u va B 1a mét d ban dau cia n6. Cudi cung, doi voi gia
toc cda hat i, ta co:

1

ai — o (Fipressure + Fiviscosity + F;extemal) (10)

Trong d6: FE¥*¢™a 13 cac lyc bén ngoai nhu lyc tic dong 1én than hoic lyuc do tiép xic.

2.2.3. Tuong tac gitia cac hat trong mo phéng

Hinh 3 5:h0 théiy tat ca CéC’phép ndi suy SPH dugc thuc hién bén trong cac mién cuc bd
cua tung phan SPH. Céc luc tiép xuc s€ dugc ap dung cho cac luc luong bén ngoai nhu cong
thue 10.
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Ferav Ferav

Phanl

Tiép xtic can thiét trén bé mat

) Phén IT
Hat nuée (ndng)

O Hat dau (nang)

Hinh 3. Twong tc giita cac nét v6i ndt [43].

Trong hé théng nay, lyc tiép xuc day tac dung 1én hat do tiép xuc F, ty 1¢ thuan véi su
dich chuyén hodc chong chéo giita cac hat 8.
Fe=Kid (In
Trong do: 6 =d-2dvakKla hﬁng 56 10 xo tuyén tinh hodc do ctng. Néu tiép diém dugc
mo hinh hoéa chi sir dung 10 xo tuyén tinh ndy, s€ khong c6 nang lugng nao dugc tiéu thu va
tiép diém s& dan hdi hoan hao. Trén thyc té, mot s dong nang bi tiéu hao trong blen dang
déo, hodc chuyén thanh nang lugng nhiét hodc am thanh. Dé giai thich cho nhing ton that
nang luong d6, mot ngudn giam chan tiép xuc dya trén mé hinh dashpot dugc xac dinh:

Fe=nv (12)
Luc giam chan tiép xuc ty 1€ véi van toc tuong doi cla cac hat tiép xuc, trong d6 hang
s0 ty 1¢ n dugc goi 1a h¢ so giam chan, v =v| — v2.

2.2.4. Phuong trinh dac trung cta vat li¢u sir dung trong mé 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 mo phong ciia phdn mém LS-Dyna. Trong
pham vi nghién ctru da bay do n6 min gay ra, nhém nghién ctru str dung cac mod hinh déc
trung cho dat da: Mo hinh Riedel Hiermaier Thoma - RHT; mo hinh vat liéu nd (High
Explosive Burn - HEB) v6i phuong trinh trang thai cua vat liéu nd (Jones Wilkins Lee - JWL).

- Mo hinh vt lidu dat ¢a (RHT)

Dic tinh cta da 1a mot loai vat liéu gion [44]. Do do, vat liéu hop phu phong trong LS-
Dyna la vat lidu Riedel Hiermaier Thoma - RHT, dugc phat trién béi [45]. RHT bao gom 03
bé mit phu thudc ap suat trong khong gian Gmg suét, la cac trang thai gidi han khac nhau, cu
thé 1a gidi han pha huy, gidi han dan hoi va pha hay tht phat.

Gidi han pha hily Y phs hay dugc dinh nghia 1a mot ham ap suat p, goc 0 va ti 1¢ bién dang
g, dugc xac dinh béng cong thue.

phahuy (p 0, 8) Yixe (p )-R;(0).Fy, (8) (13)

Trong d6 p” 1a ap suat duoc chuan bang ham f., p"=p/ f., voi p 1a ap suét thay tinh, f. 1a
cuong do nén; R3(0) 1a ham xéac dinh su phu thudc bat bién cia mot hinh; Fiiie 1a tc do bién
dang, duoc thé hién thong qua sy gia tang do bén dut gy voi tdc do bién dang déo; Yryc 12
cuong do mg suét trong duong trén kinh tuyén nén.

Gi6i han dan hdi duge xac dinh dua trén viéc chia ty 1¢ bé mat phéa v&, duoc xac dinh
theo cong thuc 14:

Y danhdi = Yphahay - Faannéi - R3(0) . Fcap (p™*) (14)



Tap chi Khi tiwong Thiy van 2023, 750, 66-78; doi:10.36335/VNJHM.2023(750).66-78 72

Trong d6 Faan ni 14 ti 1€ gitra gid1 han dan hoi va gidi han pha hiy; Fear(p*) 12 ham gioi
han tng suat léch dan hoi khi nen thuy tinh, gia tri trong khoang (0,1). )

Pha hity thir phat d€ mo ta cuong do cia da bi nghién nat hoan toan, dugc xac dinh qua biéu
thure:

*

Y

phahuythupha

=Bp™ (15)

Trong d6 B 13 hing sé mat pha hity thir phat; M 13 s6 mii mét pha hiy thir phat.

- Phuong trinh lan truyén song tng suat cua luong thude (JWL)

Dbi voi lugng thude nap trong 18, mo hinh vat lidu thude nd (High Explosive Burn -
HEB) st dung trong LS-Dyna véi phuong trinh trang thai JWL dugc xac dinh qua phuong
trinh [45]:

P=A(l- %)e‘R‘V FBI-— e L OF

16
R, R,V v (16

Trong d6 P 1a séng ung suat, A, B, Ry, R2 va o 1a cac hang sb, V 1a thé tich riéng va Eg
la ndi nang c6 gia tri ban dau la Eo.

3. Két qua va thao luin

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

Hién nay, tai mot sb bii nd san xuat ciia mo, voi thong s khoan n6 min dang ap dung,
da 1am ting nguy co mat an toan da vang. Do d6, dé danh gid muc d anh hudng cia da ving
dén san xuat, bai bao thuc hién mé phong khau né min bang phdn mém LS-Dyna trén mit
cit tuyén B2 ciia mo (Hinh 4).

13

i b |

g2 RBE3 B EI Y

Hinh 4. Mit cit tuyén B2 mo Mong Son va so d nap nd thyc hién sir dung dé mé phong nd min
trén phian mém LS-Dyna.

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

Théng sb Ky hiéu Ponvi Gia tri

Chidu cao ting h m 8
Khoang cach cac hang b m 2,6
Chiéu dai nap bua Ly m 3,2
Chiéu dai nap thubc | m 5,8
Puong kinh 16 khoan d mm 76
Puong khang chan tang w m 2,6
Loai thudc Anfo
Thoi gian vi sai ms 17

Cac vat li¢u dai dién cho moi truong dat da, thude nd tuong thich véi cac thude tinh ctia
vat liéu RHT, JWL trong LS-Dyna dugc xac dinh dya trén tai licu dia chit cua mo da voi
Mang Son va cac nghién ctru da c6 vé tinh chét co 1y cuia d4 voi thé trong 2,72 g/em?. Céc
thong s chinh cia vat liéu xem bang 2.

Bang 2. Thong s chinh cia vat liéu dwa vao mé hinh mé phong.

Théng sb Gia tri Théng sb Gia tri
M0 hinh vét liéu RHT
Ty trong, g/cm? 2,72 Cuong d6 pha vo, Pa 4,00°"7
Cuong dd chiu kéo, kG/cm? 60,77 Tbc d6 pha v bién dang kéo 3,00¢41°
Cuong d6 khang nén, kG/cm? 750,77 | Tbc d6 pha v bién dang nén 3,00¢"19
Goc ma sét trong, do 34935° | Téc do bién dang kéo 3,00e
M5 dun bién dang, kG/cm? 4,08 Téc do bién dang nén 3,00e7
Mo dun dan hdi, Pa 2,47°710 | Hé sb lam giam mo dun cit 0,5
Do 16 rdng 1,94 Bién dang pha v& téi thiéu 0,015
Phwong trinh trang thai séng g suit JWL

Ty trong, kg/m? 931 Ap lyc nd, Pa 5,15¢"™
Téc d6 nd, m/s 4.200
Heé s6 trang thai (A), Pa 4,95¢"10 | He sb trang thai (R2) 1,118
Hé s6 trang thai (B), Pa 1,89¢™ | Hé s trang thai (w) 0,33

. L L. Nang lugng no trén 1 don vi thé 9
Hg¢ s0 trang thai (R1) 3,907 tich, Pa/m’ 2,48¢

Théng sb k¥ thuat may tinh st dung d&& mo phong cong tac nd min nhu sau: Intel(R)
Core(TM) i7-10700 CPU @ 2.90GHz va RAM 16.0 GB. Vi thoi gian ghi nhan két qua sau
1,5 gidy, m6 phong hoan thanh tinh todn sau 12 gi¢ trén phan mém LS-Dyna.

3.2, Két qua mé phong dé bay cho mé dd véi Méong Son bang phwong phdp SPH trén phan
mém LS-Dyna

Bai béo thiét 13p do dir liéu mo phong hién tuong da bay trong qua trinh nd min trén mo
hinh 2D cua mat cat tuyén B2 tai m6 da voi Mong Son sau 1,5 gidy. Két qua thu dugc qua
cac moc thoi gian 0,5 gidy; 1,0 gidy va 1,5 gidy, xem hinh 5.
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Diém 2 2

Hinh 5. M6 phong qua trinh nd min v6i phin mém LS-Dyna: (a) 0,5 gidy; (b) 1,0 gidy; (c) 1,5 gidy.

i Dé danh gia khoang cach dé bay, van toc da bay sau 1,5 gidy kich n6 luong thude. Pat 3
dieém do trén mo6 hinh mé phong (Hinh 5c¢). Két qua giam sat dugc the hi¢n tai hinh 6.

Bifm 1
40+ ' o 80
i
HIL Bim 2
30+ ) < 60t
) Bicm 3 2
Z z ot
g z o
-2 | £ T
s 204 3 a0t o vt o
= el e
- 5 S
| :
10+ ‘ 20
| (a) = ®)
o4 .y 0Ty sy 0= 4 . 4 . —
0.2 0.4 0.6 0.8 1 1.2 1.4 o 0.2 0.4 0.6 0. 8 1 1.2 1.4
Thir gian, giay Thiri glan, giiy

Hinh 6. Van toc (a) va khoang cach (b) d4 bay tir 0 + 1,5 gidy: (a) Van tc d4 bay trén 3 diém khao
sat; (b) Khoang cach bay trén 3 diém khao sat.

Két qua do tai cac diém giam sat cho thdy: V6i thong s6 mang no nhu bang 1, sau 1,5
gidy, da bay xa nhat s0 vol tam bai nd dat 85 m, twong ung voi van tc trung blnh 40 m/s.
Nhu véy, théng s6 mang nd tlern 4n nguy co mét an toan da vang cho mé Méng Son. Do do,
can tinh toan, lya chon thong s6 KNM theo didu kién an toan da vang.

4. Két luan

Phuong phap mé phong qua trinh nd min va xac dinh quy dao bay, ciing nhu khoang
cach bay cua dat da trong qua trinh nd min sir dung cong cu mod phong hién chua dugce sur
dung rong rai 6 nudc ta. Viéc ap dung cac cong thirc thuc nghlem dé xac dinh khoang cach
da bay 1a chua phu hop véi diéu kién thyc té trong qua trinh nd min. Trong khi 6, viéc ap
dung cdc thudt toan may hoc va mo hinh tri tu¢ nhén tao (AI) doi hoi viée thu thap mot lugng
16n cac thong sé dau vao. Bén canh do, viée do vé khoang cach dé bay do cac vu nd ciing gip
nhiéu khé khan va phc tap.

Phuong phap mé hinh sé di trd thanh giai mot phap dang tin cdy trong viéc nghién ciru,
phan tich va danh gia cac tac dong co hoc. Két qua cia mo hinh da chimg minh kha ning ctia
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phuong phap thity dong luc hoc hat min trong viéc phan tich chuyén sau cong tac nd min. St
dung phuong phap nay, cac ky su khai thac mo va nha quan ly an toan trong qua trinh no min
¢6 thé du doan so bo khoang cach da bay trong tung vu no, dya trén cac diéu kién nd min
thuc té tai mo, thong qua viéc nhép cac thong s6 dau vao cho md hinh mé6 phong.

Dua trén phén tich qua trinh tic dung nd min st dung phwong phap SPH 2D, dugc ap

dung trén tuyén mat cit B2 ctia mé da voi Mong Son, nhing két qua da thu duge cho thiy
rang hién tai mo6 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 doi cac lai thong sé6 KNM sao cho hop ly.
Tuy nhién, dé dat duoc diéu nay, can tién hanh thém nhing nghién ctru chi tiét va chuyén
sau horn vé viéc ap dung phuong phap SPH trén phan mém LS-Dyna cho mé hinh 3D, dong
thoi can xem xét nhidu truong hop nd min thyc té theo ho chiéu thi cong va thi nghiém cac
tinh chit co Iy da bd sung theo thudc tinh dat d4 tai mé phu hop véi vat licu trong phan mém
hd trg. Muc tiéu cua viéc ny 1a dé nang cao mirc d6 chinh x4c ctia md phong, dong thoi thiét
1ap thoi diém quan sat dai hon d& dam bao viée xac dinh ddy du cac hién tugng d4 bay theo
cac hudng va theo cac thoi diém cia vu nd.
Pong gop cia tac gia: Xay dung y twong nghién ctu: T.D.B.; B.V.Tr., H.V.V.; Lua chon
phuong phap nghién ctu: T.D.B.; B.V.Tr.; N.D.A.; Thu thap s6 liéu thuc té tai mo: H.V.V.,
H.D.N.; Xt ly sb liéw: T.D.B.; B.V.Tr.; H.V.V.; B.X.D.; Viét ban thao bai bao: T.D.B.;
b.V.Tr.; BV.D., N.b.A.; H.V.V.; HD.N.; Chinh sta bai bao: T.B.B.; B.V.Tr.; HV.V.,
H.D.N.

Loi cam on: Nhom tac gia xin chan thanh cam on PGS.TS. Pam Trong Théng, Hoc vién ky
thuét quéan su da gitip d& trong qué trinh chay mé hinh mé phong ndé min bang phan mém ban
quyén LS—Dyna/Ansys. Bén canh do, tap thé tac gia tran trong cam on su giup d& cua cac
nha khoa hoc thuéc Nhoém nghién ctru manh Nhiing tién bo trong Khai thac mé bén vimg va
¢6 trach nhiém (ISRM), Trudng Pai hoc Mo - Dia chét, Ha Noi, Viét Nam da hd trg dé, ¢b
van khoa hoc trong qué trinh nhdém tac gia thuc hién nghién ciru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 14 cong trinh nghién ctru ctia tap thé tac
gia, chua dugc cong bd & dau, khong duogce sao chép tir nhitng nghién ctru trude day; khong
¢6 sy tranh chép 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.



