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Trén mo 1 thién séu, nude trong 16 khoan Ia mot yéu t6 dnh hudng truc tiép :’;n 3;% qqg dip

v& dét da va lam tang chi phi trong khau nd n;u‘n. hf:en, nay, co rzhfeuaphu’oingh%n pchu éng’ i anl?

hudng cla nude dén hiéu qua né min. Trong s6 dé la st dung phan mém mo p }?‘ mJ{ h‘sgl}'I vé

cac mo hinh tinh toén, phan tich cé d6 chinh xac cao. Voi viéc ung dyng phuong pL Salp z 0 md‘ Ga

lai gitta phén tir hiru han déng va dong luc hat min duoc thuc hién trén phan mém LS - Dyna, dé mp

phdng 2D qua trinh phéa v dat da trong méi truomg dat da kho va ngam nuoc. Kft qua mé ;ghong 4

co s¢ dua ra cac danh gia anh hudng cda nudc trong 16 khoan _den {m,au qua nbé min, tir dé duara
céc giai phap céng nghé nang cao hiéu qua nb min trén mé 16 thién sau.

Tir khéa: mé phdng né min, mé hinh lai DFEM - SPH, né min trong dat da ngam nudec.

1. DAT VAN BE

Khoan né min la phwong phap duoc st dung
rong rai dé pha v dat da trén cac md 16 thien, do
cac uu diém vuot trdi cia nd vé mat ky thuat va
kinh t&. V& ban chat, khi pha v& dét da véi thi gian
vi sai gita cac lvgng thubc khac nhau, tao ra cac
tac dung co hoc tich cye nhu: giao thoa séng trng
suat; tao mét tw do phu va higu ng va dap gira
cac cuc da bay khi né [2). Cac tac dung trén déu
hwéng dén viéc nang cao hiéu qua dap ve dat da.

Hién nay, khi cdc mé than khai thac ngay cang
xudng sau, d6 niit né clia dat d4 cang giam va khoi
lwong dat da can khoan né trong khu vic ngam
nwoc ngay cang tang. Dwéi anh hudng clia nude
trong 16 khoan, chét lugng dap vé d4t da khi nd min
bi giam di rd rét, ty I& da qua c& va chi phi khoan nd
€6 xu huéng gia tang. Sé liéu théng ké tai cac mo
than 16 thién trong nhirng nim qua cho thay: Ty 18
thude nd chiu nwéc st dung hién nay clia ca&c mo
than viing Quéng Ninh I&n t&i 40 + 60 % (tang 8 +
15 % so v6i trude day). Da sb cac bai min co ty lé
thube né chiu nuée trung binh 30 + 50 %. Nhiing
khu vuc tang khai thac gan day mo thudng cé didu
Kién dja chat thy van phirc tap, 1y 18 thude nd chiju
nwoc cé the 1én dén 70 + 100 9
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Trén thé gi¢i, phwong phap mé hinh sé duo
cac nha khoa hoc str dung dé danh gia anh huon, -
cla nuéc dén hiéu qua nd min. Trong sé doé coth |
ké dén nghién ctu clia Jing Gao va cong sv [6 |
v6i viéc st dung phuong phap phan tor hivu ha
dong (Dynamic finite-element methods -DFEM) 2 !
va phan mém mo phang LS-Dyna dé& danh giatha
ddi ap luc nd caa 05 16 nd véi thoi gian gian cac
50 ms gitra 02 méi trvong G4t da khé va ngdr |
nude. Jing Gao nhan thay co sw thay déi song G !
suat va ap lyc nd gitra hai méi treorng dat da kha !
nhau, diéu dé anh huéng dén chét luong dap vi !
dat da. Nghién ctu cia Hesam Dehghani [5] té |
trung vao viéc danh gia chét lvong dap ve Gat ¢!
trong 16 khoan khé va 18 khoan ¢6 nuéc qua vié !
md phong DFEM 3D cong tac nd min véi phd !
mém LS-Dyna. Két qua mo phong clia Hesar '
Dehghani cho thay: N trong 15 khoan c6 nude,'
18 da qua c& tang 15 % so véi nd trong 16 khoa
kho.

Ngoai ra, phdn mém ma phéng nd min cd
dugc cac nha khoa hoc sir dyng trong nhiéu mv'
dich khac nhw: mé hinh DFEM 2p [12] mo phon
N min voi phuong phap né min tao bién trong LS
Dyna dé tinh toan an toan séng chan dong; mo hir
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DFEM két hop mé hinh dong lwc hoc hat min
(Smooth Particle Hydrodynamics - SPH) dé danh
gia séng chan dong trong né min mé 16 thién [11];...
Ngay nay, v&i s hoan thién cta cong nghé sb,
ciing nhw cac phwong phap phan tich, tinh toan,
viéc md phong da tré thanh giadi phap dang tin cay
trong viéc nghién clru, phan tinh va danh gia moé
hinh tac ddng co hoc. Trong nghién clru nay, mo
hinh lai gitta SPH va DFEM 2D dwgc xay dwng voi
cac tinh chét vat lisgu mé phéng theo diéu kién dia
chét céng trinh (BCCT), dia chét thay vin (BCTV),
théng sé khoan nd min (KNM) va loai thuéc nd str
dung tai bai nd clia mé Cao Son va trong thw vién
vat liéu Ansys [4]. Két qua mo phong 1a co s& dé
duwa ra cac danh gia anh hwéng clia nuéc trong 16
khoan dén hiéu qua nd min théng qua chi tiéu vé
sw thay di séng (rng suét, ap lyc nd qua 02 trwdng
hop nd trong 16 khoan khé va 16 khoan cé nuéc.

2. NOI DUNG NGHIEN cUu
2.1. Phwong phap nghién ciru
2.1.1. Mé hinh lai SPH va DFEM

Trong DFEM, vt thé lién tuc dugc xap xi bang
b hop clia cac phan tir hiru han. Cac phan tir nay
»6 kich thuéc hiru han va dugc lién két véi nhau
»&ng mot s6 htru han cac diém nat. Sau khi méi
juan hé tng suét - bién dang cta cac phan t& dugc
hiét 1ap, trang thai tng suét - bién dang cla hé két
s4u c6 thé duoc xac dinh [1].

SPH duoc phat trién bdi Lucy, Gingold va
Jonaghan (1977). Phuwong phap nay dwoc phat
ridn dé tranh nhizng han ché gap phai trong cac bai
o4n bién dang cuc tri bing phuong phéap phan ti
iu han. Sy khac biét chinh clia SPH va cac
hwong phap cb dién Ia SPH khong chia cac diém
(Gt. Cac hat Ia phan tir dai dién cho déi tuong va
1ang tinh chét chung va riéng tuy theo thude tinh
hai bao. Phuong phap nay yéu cau mét trinh tinh
yan méi, dwoc thé hién ngan gon qua céng thirc
au [3]:

I /()= [ S W (=, ey

v&i W la ham hat nhan i

Ham hat nhan W dugc xac dinh béng cach st
ung ham 6 qua méi lién hé [3]:

(1

W (x,h) = —— 6(x) (2)

h(x)

Véi d 1a sb chiéu khéng gian, h 1a @6 dai duoc
lam min thay ddi theo thdi gian va trong khong gian
W(x,h) phai la ham trung tam.

Déi v6i bai toan mod phong nd min, DFEM truyén
théng khong dw bao chinh xac phat trién hé khe
nirt, mirc d6 dap vor dat da, bién dang khu vire nd
va khi nd. SPH khéc phuc dwgc nhirng han ché cla
DFEM nhung lai gép kho khan trong vigc tinh toan
cac didu kién hiu han [10]. Do d6, viéc két hop
DFEM va SPH la mot gidi phap hiéu qua G& mo
phéng chinh xac toan bd qua trinh né min va dua
ra cac du bao vé phat trién clia cac nit né thir phat.

Trong nghién clru cda bai bao, ky thuat ghép
néi “rang budc bé mat - tied interface - TI" duwoc
s dung [13]. K§ thuat trén lién két cac hat coa
SPH theo tng nt clia DFEM (Hinh H.1). Trong
dé, cac hat SPH duwoc dinh nghia la cac nat phu
cia DFEM, cac phan ti hiru han DFEM déng vai
trd bé mat chinh.

% b,

SPH 4—!—9 DFEM

r Vitrivavén _]
tdchat
i
Ti 18 bién l

dang

|

|Lién két Tl

Tiép xic kre

Ung sult bién I
Ldangtphéhdy J Li—-—
H.1. Mo hinh lai SPH - DFER
a- Cachat SPH lién két vai phn tir hir har 077
b - Quy trinh thuc hién ky thudt ghep !

Vé&ima hinh lai SPH - DFEM, cac hat v .=
khi lién két sé cé cling gia tdc dugc xac o ¢
khéi lwong va lwc cha hat va nit phan ti. Van toc
va vj tri clia cac nut phan t& va hat dugc thay <o
theo bao toan dong lugng va van téc clia hat trén
bé& mat tdng thé tai diém tiép xuc.

CONG NGHIEP MO, SO 3 - 2023
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2.1.2. Bdc tinh vt liéu str dung trén mo hinh
mé phong :

Vat ligu dugc st dyung trén md hinh bao gom:
g4t da khu vuc nd; thubc st dung; va nudoc. Vi
viéc str dyng phan mém LS - Dyna 1a phan mém
chuyén dung d& md phong dong luc hoc twdng
minh (Explicit dynamics). Céc @3c tinh cia vat ligu
trong mé phéng d4 dwoc cang thirc héa dé tuong
thich voi cac bai toan md phong dong.

a. DAt da khu vuc nd

Dac tinh clia da la mdt loai vat ligu gion [2]. Do
dé, vat lidu phu hop phéng trong LS-Dyna |a véat ligu
Riedel Hiermaier Thoma - RHT, duoc phat trién boi
Riedel, Hiermaier va Thoma [6]. RHT bao gbm 03
b& mat phu thuéc ap suét trong khong gian rng
suét, 1a cac trang thai gi&i han khac nhau, cy thé 1a
gi®i han pha huy, giéi han dan hoi va pha hay thir
phat.

Gidi han pha hly Ypnanay dwrgc dinh nghta la mot
ham ap suét p, géc 6 va i 1& bién dang ¢, duoc xac
dinh béng céng thirc [9).

thahuy(p" 0,€)= Yl:xc(p.)'Rs(g)'Eue (€) 3)
Trong d6, p’ - ap suét dwgc chuén bang ham f,
p'= p/ fc, voi p 1a &p suét thay tinh, fc 1a cudng 6o
nén;: Ra(8) - 1a ham xac dinh sy phy thudc bat bién
clia mdt hinh: Fue - tbc do bién dang, duoc thé hién
théng qua sy gia ting do bén dirt gay vai toc dd
bién dang déo; Yixc 1a cudng o (ng suét twong
dwong trén kinh tuyén nén.

Gidi han dan hdi dwoc xac dinh dya trén viéc
chia ty 1& bé méat pha v&, dwoc xac dinh theo cong
thire [9]:

Yasnnéi = Yphaniy . Faanndi . Ra( 8) . Fcar (p*)  (4)

Trong d6, Fasnnéi - i 18 gita giéi han dan hbi va
giéi han pha hily; Fear(p*) 1a ham gidi han (g suét
I(%ch dan hoi khi nén thay tinh, gia tri trong khoang

, 1)
Ay 76401 s i
» duoc xac dinh qua biéu thire:

— *M
thahuylhrrpha =B -P

Trong d6, B - hing sé mit pha h .

a6, at pha hiy thg :

- 56 m mt pha hy th phat, e e
b. Thube né str dung
Ban chat vat lidu nd tron

: gLS-D g
anh qua phuong trinh tran X n Sugaphan

9 thai JWL, d& ms 13
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méi quan hé gitra ap suét - thé tich - na@ng lwong
olia cac san pham nd. Cac tinh chat trén co dac
tinh thwe nghiém, dugc xac dinh qua thr nghiém
thyc t& déi voi tirng loai chét nd. Cong thirc JWL
nhw sau [7]:

= T _ O R +£0£ 6
P=A(l R,V)e + B(1 RzV)e v (6)
Trong @6, P - song (ng suét, A, B, Ri, R2vay
la cac hiing s6; V - thé tich riéng; Eo 1a ndi nang bay
d4u sau khi kich nd lvgng thude.
¢. Nudéc trong 16 khoan
Cac dac tinh vat ly ciia nwdc trong md phdng
dwoc thé hién qua da thire tuyén tinh sau [6]:
p=Co+Cyt+Coyl + Ca® + (Ca + Cop + Ce1d) £
(7
Trong d@6: Ci - tham s6 cta phwong trinh dug
xac dinh trén thyc nghiém; E - ndi nang ban da
ciia mot don vi thé tich twong déi p = (1V) -1,V
th tich twong déi.

2.2. Xay dwng mé hinh danh gia anh hwan;

2.2.1. Pic diém khu vwe nghién ciru

Mo than Cao Son la mdt mé than 15 thién I
cla Tap doan Céng nghiép Than- Khoang san V¢
Nam (TKV). Tinh dén hét quy | nam 2023, s
lrong than nguyén khai san xuét/ ké hoach dat %
nghin tan/4,42 triéu tan, dat da boc xtic dat 8,9tré
m?/59,78 trigu m?,

H.2. Md hinh 3D hién trang diy moong mic-145 e

phéng thit nghiém trén mé than (a0 567

Hign nay, mé than Cao Son dang K2 |

cac tang sau, day moong dat mirc - 145 e

Batldé trong moong ¢6 dang tram tich, Pha" . ph

chieu day bién dong manh. Cac Iop da xen k?nf

6 tinh chét khong ddng nhét, goc ¢M o\
Phan 16p thay ddi gom cac loai: cudi K&& 7y

At kL, bot két; set két, voi khéi lugnd
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binh tir 2,67 + 2,75 glcm?; gbc ndi ma sat tir 31948
+34928'. D4t da trén mo duoc lam toi cha yéu bang
KNM véi 16 khoan dudng kinh 1én d = 250 mm, st
dung phuong phap nd vi sai toan phan (phi dién),
thubc nd duoc dung la: (i) Anfo thuéng (cho 16
khoan khd) va (ii) Anfo thwéng két hop thudc nd
nh twong (cho 16 khoan chira nuéc).
2.2.2. M6 hinh mé phéng

Pé danh gia anh hwéng cia nwéc trong 16
khoan dén hiéu qua nd min, bai bao xay dung md
hinh 2D lai SPH - DFEM trong phan mém LS-Dyna
jira trén dac diém bai nd thuc té tai mic + 65 trén
md than Cao Son (Hinh H.2). M6 hinh xay dung
‘heo 02 trwdrng hop: 16 khoan khé st dung thudc nd
Anfo thwéng (Hinh H.3a); va |16 khoan c6 nuwéc sir
jung thuée nd nha twong két hop Anfo thuéng voi
shiéu cao cdt nwéc trong 16 1a 3 m (Hinh H.3b). Thoi
jian gidn cach gira 2 dot nd: 25 ms.

Lb

Chidu cno cjt nwdc

Lt
trong 18 khoan

Lt-

Théng sé KNM s dung trén mé hinh, xem
Bang 1.

Bang 1. Thang s& KNM stf dung trén 02 md hinh mé phéng

Stt Théng sé Ky hiéu Pon vi Gia tri
1 | Chiéu cao tdng cdng tac H m 15

2 | Dudng kinh 10 khoan d mm 250
3 | Chiéusaulo khoan Lu 17,5
4 | Chiéusdu khoan thém L 2,5
5 | Dutng khang chin ting w m 8,5
1 N E
7 | Chiéucao cotbua Ly m 8,0

8 | Chiéu cao ¢t thudc L m 9,5

Xét theo DCCT tai bai nd mirc + 65 mo Cao
Son, a4t da thudc nhom cat két, két cau ran chac
kho pha v, f = 12, khdi lvgng riéng 2,72 glem?; lyc
khang kéo 103,96 kG/cm?; Iyc khang nén 1023,03
kG/cm?, géc ndi ma sat 34°16".

P& phi1 hop véi cac thong sbé khai bao tinh chat
vat liéu RHT dung trong mé phéng. Bén canh cac
tinh chat ctia da cat két theo BCCT cia mo Cao
Son, két hop thém cac tinh chat khac d6i véi da cat
két tir thw vién vat lidu clia Ansys [4].

a, Truomg hgp 01 b, Truimg hop 02 Ngoai ra, cac tinh chét ctia thubc nd Anfo, thude
1.3. Md hinh 2D md phéng né min trong hai trudng hap I6khoan nd nhi twong va nudc dwoc khai thac twong tu nhw
khi va 18 khoan c6 néc vat liéu RHT. Cac thdng sb clia vét liéu xem bang 2.
Bang 2. Thong s6 vat liéu sif dung trong md phéng
Stt Thudctinh Gid tri Stt Thugc tinh Giatri ;
I | Vatliéu RHT . 2
1.1 | Khdilugng riéng, g/cm’ 273 1.8 | Aplycphava, Pa 1,25¢"* '
1.2 | Luckhing kéo, kG/cm’ 103,96 1.9 | Tocdd bién dang kéo et '
13 | Luckhangnén, kG/cm? 030 | 110 | Técddphiva T
14 | Gécngimasit 3416’ .17 | D16 réng ban du 0
1.5 | Bién dang pha hiy tGi thiéu 0,015 112 | Técdo truyén am, m/s 2610:2500 |
1.6 | Thangs6 bém3t ph hiy (A) 24 1.13 | Tacds bién dang kéo tham chicu e |
17 | Técds bién dang nén tham chiéu 3,063 1.14 | Thong s6 bémat tng sut nén 053 |
Il | Anfo thudng
2.1 | Khdilugng riéng, kg/cm’ 931 26 | Hésdtrangthdi (R) 3,907

CONG NGHIEP MO, SO 3 - 2023
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stt Thudctinh Giatri Stt Thudc tinh Gia tri
22 | Técdand, m/s 4200 27 | Hésétrang thai (R,) 1,118
23 | Aplyend, Pa 5,15.8* 2.8 | Heésdtrang thii () 033
24 | Hésdwangthdi (A), Pa 4,95¢*" 2.9 | Ninglugng ndtrén 1donvi thé tich, Pa/m’ 2,48e%°
25 | Hésbtrang thii (B), Pa 1,89¢* 210 | Khdi lvong thy, m*/m’ 1

11 | Nhiituong chiu nudc

3.1 | Khéilugng riéng, kg/cm’ 1.180 36 | Hésdtrangthdi(R) 4,933
32 | T8cdand, m/s 5.866 37 | Hesdtrangthdi(R) 1962
33 | Aplycnd,Pa 1,10 38 | Hésotrang thdi (w) 0,52
3.4 | Hésdtrang thii (A),Pa 2,86.6*1° 3.9 | Ninglvgng nd trén 1don vi thé tich, Pa/m’ 3,189
3.5 | Hesotrang thdi(B), Pa 6,722 370 | Khéiluong thye, m¥/m’ 1

IV | Nudctrongld khoan

4.1 | Knhdilong riéng, kg/cm’ 1.025 46 | HesdS: 1,9859
4.2 | Apluccdt, Pa 0.01 47 | HEsBS, 0,2286
43 | HésGnhdt 8,58.e" 48 | Gama 0,35
44 | HésoC,m/s 1.480 49 | Has6A 1
45 | HésdS 25.599 4.10 | Ninglugngban dau, J/m3 1,98

2.2.3. Két qua mé phong ;

Tir mé hinh 2D SPH-DFEM theo 02 tridng hop danh gia (hinh 3a, b) va cac thuge tinh cla vatl:
mé hinh. Thuc hién mé phdng qué trinh nd min va ghi nhan sé lidu trén 03 diém (hinh 4) trong phan mé
LS-Dyna véi thoi gian 0,1 giay.

- e

L

- - - 1
R = g8
-

e " —

P H.4. 03 diém khao st sb 2 -
Két qua mé phong clia 02 tnwomg at qua trinh ng min trén md hinh DEEM-SPH

hop, xem cac Hinh H.5 va H.6.

—_
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- Truong hop 01

—

a, Ap luc né lan fruyér{ sau khi kich nd cét thubc b, Ap lyc nd lan truyén sau khi kich nd cot thubc

H.5. Md phéng né min trong |6 khoan khd nap Anfo thuéng

- Truong hop 02

o -

=

a, Ap luc né lan truyéq sau‘khi kich né cot thuéc 1, 4 p luc nd lan truyén sau khi kich né cot
ther nhat thuéc thir hai
H.6. M6 phang né min trong 16 khoan ¢ nuéc nap thudc hdn hgp
Tai 03 didm do trén mé hinh, 4p lyc nd va séng (g suét duoc ghi nhan xuyén sudt thoi gian mod
éng. Két qua do dwoc xem cac Hinh H.7 va H.8.

ora LLL]

e —m 1 nae e
- —_—dm 2 —:_:n-:
o —tdm 3
—rdn 3 e
' S
T %
I -p 0
R 3
' <
vl
o
o
N ﬁ
om ” A~ s M\ L
oo o 004 008 000 010 000 13} L ooe aas am
Thon guan, g dy Thél ghan, ghly

b, Trueng hop 02
H.7. Ap lucnd tai 03 diém do trén mé hinh nd min

a, Truong hop 01

en

13 )
— b Y
san —Ddm 1 " e e 3
w
—ndm 2 —dn )
m
—indm 3 som
160 .
i
1% ?ﬂal
140 20w
110
oxm
(34
119 l, aw 1 l
L/ - | -~ om LI
om ooz (] (1) ooa 010 om ow oo o on om
Than gean, gedy

Than glan, gldy

b, Trudong hop 02

a, Trudng hop 01
H.8. S6ng ifng sudt tai 03 diém do trén md hinh nd min
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Ter két qua do 4p luc nd va song (g suat :9"

2 2 mo phong cho
03 diém do theo 02 trwéng hop % i onn
thdy: Duéi dnh hudng clia nudc trong fh o f;
4p Ive nd trong truong hop 2 st dung+9 : v
hén hop cé gia tri I6n nhat dat 0,49.10*° Pa :
hon treéng hop 1 c6 gia tri 0,61.10:9 Pa. Don‘g
thoi séng (ng suét Ién nhat lan truyén trong dat
da cda tredng hep 02 (0,69.10*° Pa) nho‘hcn
tredng hop 01 (0,88.10*° Pa) 0,78 Ian. Do do; sy
xuat hién clia nwéce trong khu viee khoan - nd sé
lam giam néng lvgng clia séng (rng suét va ap luc
nd, anh hudng tric tiép dén hisu qua dap vo dat
da cha phuong phap nd min.

Nhu véy, dé nang cao hiéu qua dap v dat da
trong 16 khoan chira nwérc, co thd ap dung cac giai
phap cong nghé: st dung nhii twong c6 téc dsé nd
Iém trong 16 khoan c6 nurc; thay déi thong sé mang
nd, két cdu lwong thude trong 16 khoan dé ting
cudng mirc do dap vo dat da. Véi mdi giai phap

TAI LIEU THAM KHAO

1. Nguyén Tién Diing (2009), Phuong phap phan tiy hiru han,

2. Dam Trong Théng, Bui Xuan Nam. Tran Quan

oA w

Rock Fragmentation in Wet Holes. Mining, Met

o*

Cylinder test data. Central European J
8. Peng, J. Zhang, F.; Du, C.; Yang, X.
like materials under electric explosi
9. Riedel, W., Thoma, K., Hiermaier, S. (1999). N
model for hydrocodes. In Proceedings of Sth in
munitions with structures (pp. 315-322). Strays
10. Wang, Z. Q., Lu, Y., Hao, H., & Chong, K. R,

Jing Gao, Shizhen Xie, Xiantang Zhang, i

ournal of Energetic
(2020). Effects of confinin
on load. Int. J,
Umerical ang
ternationa|

;)
cong nghé can nghién ciru, phan tig y
nghiém d& chirng minh higu qua mang rh
cong tac né min trong khu vurc ngam nyge
3. KET LUAN

Phuong phap md phong 1a mot phuong
dang tin cdy trong vigc nghién ciu, Phan finy,
danh gia mé hinh tac déng co hoc. Két qQui p,
phong trén moé hinh lai gira SPI—i - DFEM 2p ("
trinh nd min cho 02 tréng ho'p 16 khoan khg vl
khoan c6 nwéc cho thay, anh hu’t,i'ng clia nug
trong khu vire khoan - nd da lém;qiarn nang lugn ¢
cla song (rng suat va ap lyc nd, giam higy W ¢
dap vo dat da. Do d6, d& nang cao hiu quin ¢
min can thyc hién nghién ctru, thye nghigm q
phap cong nghé st dung thubc nd cé te do nd o
va thay ddi thong s mang néd, két ciu Irgng thul
trong 16 khoan 0J

A ™ A ™

Dai hoc Xay dwng Ha Nai, Ha Ngi. !

g Hiéu (2015), N& min trong nganh ma va cong trir'
NXB Khoa hoc Tw nhién va Cong nghé. Ha Noi.

Tran Thanh Thung (2017), Study of the SPH me

thod for Simulation in LS-Dyna.
Ansys Granta Materials Properties Database for

Simulation.

Pablo SEGARRA, Anastasio’
and Emulsion explosives fi
Materials. 12(2), 177-194.
9 pressure on crater blasting in ro¢
Impact Eng,
lysis using a new macroscopic concre
SYmposium on interaction of the effects!

berg, Germany.

(2005). A full ical lysi f
buried structures subjected to subsurface blag ) . e ilnerical ana Y aPprogch

11. Wenbo Ly, Zhendong Leng,

12. Yingguo Hu, Wenbo Ly, Ming Chen

Damage Between Presplit and §
47:1307-1320,

depgndency of compressive ang t
Environmental & Civil Engineering,

m CONG NGHIEP MO, SO 3. 2023

mooth Blasting of

13. Zhou, H., Yang, Y. S, Zhang, C, Q., & Hu, D. w.

ensile mechan

(2015), Experimental investigations on |
19, s70-s82.

ical behavioyr of hard rogks. Europea

t. Computers & Structures, 83, 339-356

mparison of Blast-lnducf
¢k Mech Rock Eng (201

}
oading-r&
n Journal ¢



1IENCUUVATRAODOI KHAI THAC MO ﬁ

ASSESSMENT OF THE INFLUENCE OF WATER IN BOREHOLES
ON BLASTING EFFICIENCY BY NUMERICAL MODELING METHOD

Doan Van Thanh, Do Van Trieu, Hoang Manh Thang, Nguyen Van Duc

ABSTRACT

On the deep open pit coal mines, water inside the borehole is a direct factor affecting the efficiency of
k breaking and increasing the cost in the blasting process. Currently, there are various methods for
sessing the impact of water on blasting efficiency. These include the use of specialized simulation
tware and high-precision computational models for analysis. With the application of the combined finite-
crete element method (FDEM) and smoothed particle hydrodynamics (SPH) on LS-DYNA software,
} simulations of the rock-breaking process in dry and water-saturated environments have been
nducted. The simulation results provide a basis for evaluating the impact of water inside the borehole
| the blasting efficiency, thereby proposing technological solutions to enhance the blasting efficiency in
'ep open pit coal mines.

Keywords: Simulation of blasting, DFEM - SPH hybrid model, blasting in hydrated rock.
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