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The efforts of this study are to develop and propose a state - of - the - art
model for predicting blast - induced ground vibration in open - pit mines
with high accuracy anf ability based on the gene expression programming
(GEP) technique. 25 blasts were conducted in the Tan Dong Hiep quarry
mines with a total of 83 blasting events that were collected for this study.
The GEP method was then applied to develop a non - linear equation for
predicting blast - induced ground vibration based on a variety of
influential parameters. A traditional empirical equation, namely
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programming; Sadovski, was also applied to compare with the proposed GEP model. The

Ground vibration; results indicated that the GEP model can predict blast - induced ground

Machlne.lealjnlng; vibration in open - pit mines better than the Sadovski model with an RMSE

Open - pit mine. of 0.986 and R? of 0.867. Meanwhile, the traditional empirical model
(Sadovski) only provided an accuracy with an RMSE of 1.850 va R? of
0.767.
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M6 hinh dw b4o chidn dong n6 min trén mo 16 thién dwa trén
phwong phap 1ap trinh di truyén

Nguyén Hoang 2%, Bui Xuan Nam 12, Tran Quang Hiéu 12, Lé Thi Hwong Giang 3
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THONG TIN BAI BAO TOM TAT
gi‘l‘f "{)ﬁ”?'zs 82020 Cdc né luc ctia nghién ciku ndy nhdm phdt trién va dé xudt mét mo hinh hién
an bai 25/8/ dai dé du bdo chdn déng nd min trén mé 16 thién véi mikc dé chinh xdc va tin
Chap nhan 24/9/2020 cdy cao dwa trén phwong phdp ldp trinh di truyén. 25 vu né da dwoc thuc
bang online 10/10/2020 hién tai cum mé dd Tdn Ddng Hiép (Binh Dwong) vdi téng sé 83 sw kién chdn
Tt khéa: dQng né’ ml‘n‘ﬁd‘d d‘u’g’g tllu thdp phyc vu nAghié,n cu’y nd}i. Phuwong ph‘dp Idp
Chn déng nd min; trmb dlltruyen sau doﬂda (}‘u’grc dp c‘il_mg dé p]lat trién mot phli'o'ng trinh phi
Lap trinh di truy@r;' tuyén 7tmh dy:bao cf_mn g,ongA né min c{y'a trén mot Ipat cdc yéu thdw_o'c cilo
MAv hoc: ’ la co anfl huong toi c~han d,ong,no min. Pﬁzuwng trm‘h tfzy'c n_g,hlgr_n truyén
Mé%ﬁ fh{én' thong cua Sadovski cting dworc dp dung dé so sdnh va ddnh gid véi phwong

trinh phi tuyén tinh dd phdt trién. Cdc két qud cho thdy mé hinh Idp trinh di
truyén cé khd ndng dw bdo chdn déng né min véi mirc do chinh xdc va tin
cdy cao hon so véi mé hinh thuc nghiém Sadovski véi RMSE = 0,986 va R? =
0,867. Trong khi d6, mé hinh thuc nghiém truyén théng Sadovski chi mang
lai mikc dé chinh xdc véi RMSE = 1,850 va R2 = 0,767.

© 2020 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

Tri tué nhan tao.

1. M¢é dau

Trén cac moé 16 thién, n6 min 132 mot trong
nhitng cong doan quan trong nham pha v dit da
(hodc quang) dé lam toi so bo, chuin bi cho cac
khau céng nghé sau d6 nhw xtc boc, van tai,
nghién sang. N6 dwoc xem la phwong phap lam toi
so b pho bién va kinh té nhat trong s6 cac ky
thuat lam toi so bo hién cé trén cdc mo 16 thién.

*Tdc gid lién hé
E - mail: nguyenhoang@humg.edu.vn
DOI: 10.46326/JMES.KTLT2020.09

Tuy nhién, theo cac nha khoa hoc, mot lwong 16n
nang lwong cta chatnd (khoang 70% dén 80%) bi
lang phi va chuyén thanh cong vo ich, sinh ra cac
tac dong tiéu cuc tdi moi trromng xung quanh nhu:
chan dong, séng dap khong khi, dit da bay, hau
xung, bui va khi doc (Nhir Vin Bach va Nguyén
Van Thanh, 1996; Nhit Van Bach va nnk, 2006;
Manoj Khandelwal va PK Kankar, 2011; Nhit Van
Bach va nnk, 2012; Masoud Monjezi va nnk,
2013b; Nhit Van Bach va nnk., 2014; Danial Jahed
Armaghani va nnk, 2015a; Mohd Nur
Asmawisham Alel va nnk,, 2018; Xuan - Nam Bui
va nnk., 2019; Xuan-Nam Bui va nnk.,, 2019; Xuan
- Nam Bui va nnk, 2020). Trong sd cac tic dong
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tiéu cuc d6, chan déng la mot hién twong nguy
hiém, c6 thé giy anh hwdng nghiém trong t&i ciu
trdc cda cac cong trinh can bao vé xung quanh,
mat On dinh ting va b&r md, anh hwdng téi nwde
ngam va gy tim ly hoang mang, lo so' cho dan cw
nam trong vung ban kinh anh hwéng cia né min.
Do d6, viéc du bao chan dong sinh ra do né min
mot cach hop 1y c6 thé giam thiéu dwoc cac vin dé
moi treong do hoat déng nd min trén cac mo 16
thién gay ra.

Trong thuc t€, cwong d6 séng chin dong nd
min 13 yéu t6 dwoc quan tAm dic biét. N6 dwoc dai
dién bang t6c dd dao déng nén dit cuc dai (peak
particle velocity - PPV) va duoc str dung nhw mot
chi s6 quan trong dé danh gia mac d6 anh hwdng
cta chin dong n6 min t&i cac cong trinh xung
quanh.

D€ dw bao PPV, nhiéu nha khoa hoc da tiép cin
cac phwong trinh thuwc nghiém dwa trén moi quan
hé tuyén tinh cta khdi lwgng thuéc no (hodc khoi
lwong thudc nd cuc dai trong moi dot né vi sai) va
khoang cach gidm sat chidn doéng (Saeid R
Dindarloo, 2015; S Ghoraba va nnk., 2016; Daniel
Ainalis va nnk.,, 2017; Vivek K Himanshu va nnk.,
2018). Tuy nhién, cac két qua cho thiy viéc giai
thich PPV bang cac phwong trinh thuc nghiém chi
dwa trén hai yéu t6 nay thuwong mang lai mac do
tin cdy khong cao. Trong khi dé, nhiéu yéu t6 dnh
hwdng khac bao gom ca cac yéu té ¢ thé kiém soat
(dwong can chan ting, cac thong s6 mang no,
chiéu dai cot bua, chi tiéu thudc nd) va cac yéu té
khong thé ki€ém soat (tinh chit co ly cta dat da,
diéu kién dia chat, dia vat ly) ciling c6 4nh hwdng
dang ké téi chidn dong n6 min trén mo 16 thién
(Manoj Khandelwal va TN Singh, 2007; Masoud
Monjezi va nnk, 2016; Hoang Nguyen va nnk,
2019).

Trong nhitng ndm gan day, cac mo6 hinh tinh
toan mém dua trén ky thuit hoc may va tri tué
nhin tao da dwoc phat trién va ing dung rong rai
trong linh vurc nay. Dién hinh phai ké dén cac nha
khoa hoc ndi tiéng trén thé gidi trong linh vure dw
bdo chidn dong né min nhw Danial Jahed
Armaghani (D Jahed Armaghani va nnk, 2014;
Danial Jahed Armaghani va nnk., 2015b; Danial
Jahed Armaghani va nnk, 2018), Manoj
Khandelwal (Manoj Khandelwal va TN Singh,
2006, 2007, 2009; Manoj Khandelwal va nnk,,
2010; Manoj Khandelwal, 2011; Manoj
Khandelwal va nnk, 2011), M. Monjezi (M

Monjezi va nnk., 2010; Monjezi va nnk,, 2011; M
Monjezi va nnk.,, 2011; Masoud Monjezi va nnk.,
2013a; Masoud Monjezi va nnk., 2016) va mot s6
nha khoa hoc khac. CAc mo hinh tinh todn mém da
va dang dwoc phat trién manh mé & cac quéc gia
phat trién (My, Uc, Trung Quéc, Malaysia, An Do,
Iran...). Tuy nhién cac nghién ctru phat trién cac
mo hinh tinh todn mém dé dw bao chan dong né
min tai cAc mé 16 thién Viét Nam van con nhiéu
han ché. Trong nghién cru nay, nhom tac gia da
nghién cru va phat trién mot moé hinh tinh toan
mém dé dw bio chan déng n6 min trén ma 16 thién
str dung ky thuét 1ap trinh di truyén. Cum mo da
Tan Pong Hiép (Binh Dwong) dwoc chon lam
nghién ctru dién hinh va mét phwong trinh phi
tuyén tinh sé dwoc dé xuat dé dw bao chan dong
n6 min cho khu vy nay.

2. Phwong phap nghién ciru

Muc tiéu chinh cta nghién ctru nay la dé xuat
mot mo hinh phi tuyén tinh dy bao chan dong n6é
min cho cadc mo 16 thién, dién hinh la cum mo da
Tan Bong Hiép. Do dd, k§ thuat 14p trinh di truyén
da dwoc ap dung dé phat trién mot phwong trinh
phi tuyén tinh cho muc dich trén. Ngoai ra, mét
phwong trinh thwe nghiém dang tuyén tinh von di
dang duwoc st dung rong rai dé woc lwgng chin
dong nd min ciing sé dwoc phat trién dé so sanh
v&i phwong trinh phi tuyén tinh dé xuat. Cac két
qua so sanh la nhirng can c quan trong dé danh
gia méi quan hé gitra chdn déng n6é min va cac yéu
t6 anh hwdng téi ching,

Lap trinh di truyén 1a mét phwong phap hoc
may dé khai pha dir liéu, va dwoc gidi thiéu dau
tién béi Candida Ferreira (2001). N6 dwoc xem la
mot thuit todn déng c6 kha nang giai quyét hau
hét moi van dé (hoi quy, phan loai, logistic, chudi
thoi gian). Trong 14p trinh di truyén, cic ca thé
dwoc coi nhw nhitng nhiém sic thé tuyén tinh véi
chiéu dai ¢ dinh. Ching c6 thé dwoc thé hién
thdng qua ciu tric ciy véi cac kich thwédc va hinh
dang khac nhau (Saeid R Dindarloo, 2015). Cac
thanh phan cda thuét toan lap trinh di truyén bao
gom 5 thanh phan chinh: cac thiét 1ap dau - cuoi,
cac ham tinh toan, ham muc tiéu, cac toan tir va
diéu kién dirng. Co ché hoat dong cua thuit toan
13p trinh di truyén dworc thuwc hién qua 5 bwéc sau:

- Bwdc 1: Tao mot s lwgng nhiém sic thé ngau
nhién dwa trén s6 lwong cac ca thé;
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- Budc 2: Cac nhiém sic thé cta cac ca thé ban
dau dwoc biéu dién dwéi dang cdy va cac phwong
trinh toan hoc;

- Budc 3: Danh gia mirc do phu hop cia moi
nhiém sic thé dwa trén ham muc tiéu. Néu diéu
kién dirng chwa théa man, gia tri tot nhat cia thé
hé ca thé dau tién sé dwoc lua chon dua trén
phwong phap phén tich biéu do tron;

- Buére 4: Cac toan tr di truyén duoc ap dung
dé dot bién, ddo ngworc, chuyén vi, va tai t6 hop cac
thé& hé trwdc d6 nham tao ramot thé hé ca thé méi;

- Budce 5: Lap lai buwéce 3 cho dén khi théa man
diéu kién dirng hodc ham muc tiéu.

DPE so sanh véi mo hinh 14p trinh di truyén,
phwong trinh thwc nghiém cta Sadovski (2004)
(mo6t phwong trinh thwc nghiém dang dwoc ap
dung phoé bién tai Viét Nam) da dwoc xem xét va
ap dung. N6 dwoc mo ta thong qua mot phwong
trinh dang tuyén tinh nhw sau:

PPV = kf?}n (@8]

Trong do6: Q - Khéi lwgng thude no, kg; D -
Khodang cach tir bii nd t&i vi tri cin xac dinh cwong
d6 chin dong n6 min, m; k va m - cAc hé s6 khu vuec.

3. Khu virc nghién ciru va dir liéu str dung

3.1. Khu vwc nghién ciru

Cum mo6 Tan Pong Hiép - noi bao gobm 4 mo da
vat liéu xay dwng khac nhau: Khoang San, Mung 3
- 2, Trung Thanh va Tan An da dwgc chon lam khu
vuc nghién ciru dién hinh do c6 diéu kién khai thac

0 150 300 Kilometers
(ERN HAST 7

Campuchia

Hinh 1. Cum mé dd Tan Pong Hiép va cdc khu v ldn cdn.

dac biét (nhw dwoc minh hoa trong Hinh 1). Theo
d6, 4 mo da vatliéu xy dung nay gan nhw da chap
bién gidi lai thanh mot. Xung quanh cum mé la cac
cong trinh nhw dwong sit Bic - Nam, dudng cao
tdc, dudng Ong cip nwérc sach, va khu vire dan cu.
Khodng cach téi cac khu viee nay 1a rat nhé (dwdi
100m). Do d6, anh hwédng ctia chdn dong né min
t&i nhitng khu vue nay 1a khong nhé. Viéc dw bao
chinh x4c chan dong nd min cho cum mo6 Tan Dong
Hiép c6 y nghia quan trong trong viéc kiém soat va
giam thiéu cac tac dong tiéu cuc cia chan dong nd
min t&i moéi tredng xung quanh, dic biét la cac
cong trinh c6 tinh chit trong yéu va co dinh.

3.2. Di¥ liéu nghién ctru

DE thuc hién nghién ctru nay, 25 vu né da dwoc
thuc hién va giam sat chdn dong né min. Cac thiét
bi chuyén dung nhw Micromate va Blastmate [11 da
dwoc st dung dé ghi lai cworng dé chan dong do
cAc vu nd tai cum mé nay gay ra. M6i vu né dworc
giam sat bdi 3+4 thiét bi. Do d6, tong s6 83 sw kién
cta chin dong n6 min da dwoc ghi lai & cac vi tri
khac nhau.

Cac hd chiéu n6 min cta cac vu nd ciing dwoc
thu thap dé trich xuit cic thong s6 nd min nhu:
khéi lvgng thudce né (Q), chiéu cao ting (H), chiéu
sau 16 khoan (L), khoang cach gitta cac hang 16
khoan (b), dwdrng can chan ting (W), chi tiéu thuéc
nd (q) va chiéu cao cot bua (Ly). D€ xac dinh
khodang cach gidm sat chan dong né min (D), cic
thiét bi GPS da dwoc st dung. Di¥ liéu dwgc minh
hoa thong qua bi€u d6 phin b6 dir liéu (Hinh 2).
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4. Két qua nghién ciru va thao luin

DE phat trién mo hinh 14p trinh di truyén, bo di
liéu da dwoc chia ngiu nhién thanh 2 phan: 70%
tong s6 sw kién chian déng nd min (58 sw kién)
dwoc st dung dé huin luyén cac mo hinh, 30%
con lai (25 swkién) dwoc st dung dé kiém tra hiéu
sudt cia cdc mo hinh sau khi huén luyén.

Cac toan tir ctia biéu hién di truyén dwoc thiét
dat véi 30 nhiém sac thé ban dau va 5 ciu tric gen
khac nhau da dworc str dung. Sai s6 goc binh quin
phuwong (RMSE) da dwgc st dung lam ham muc

tiéu trong qua trinh phat trién mo hinh 14p trinh di
truyén. Gia tri RMSE nhé nhit twong Gng véi mo
hinh dw b4o PPV t6t nhit. Qua trinh tim kiém va di
truyén dwoc 1dp lai 1000 lan dé xac dinh gia tri tot
nhat cho méi thé hé. Ngoai ra, chién thuat tién hda
t6i wu da dwoc ap dung trong qua trinh phat trién
mo hinh nay. Cudi ciing, mét mo hinh 14p trinh di
truyén t6i wu da dwoc thiét 1ap. Qua trinh phat
trién mo hinh 14p trinh di truyén dwoc minh hoa
thong qua biéu d6 phan bé xép chong (Hinh 3) va
biéu d6 di truyén (Hinh 4). Phwong trinh di truyén
dw bao chin déng né min cho khu virc cum mo da
Tan Pong Hiép trinh bay trong phwong trinh (2).
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Hinh 3. Biéu do phdn bé xép chong cdc gid tri PPV thuec té va PPV dw bdo trong qud trinh hudn luyén mé hinh
Idp trinh di truyén.
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Hinh 4. Biéu do di truyén thé hién cdc thé hé va nhiém sdc thé théng qua kich thwérc cia gen.

PPV
= log(min(6,658(H
1
1+ 8,573 b+ max((W + 8,355),b% —log 7,389b)
2
H al Q4346 @
+ @) max(3,404min(b, L)) | T 2 X (bx Ly =1,114)
0452 + 6,047 + max((6,0;}7 —Lp), Ly — @)
+ tan >

DPoi véi phwong trinh thwe nghiém Sadovski
(2004), ki thuat phan tich h6i quy da bién da dworc
thwe hién dé xac dinh cac hé s6 khu vuwc k va m.
Phuong trinh thuc nghiém ap dung dw bdo chan
déng n6 min cho cum moé Tan Dong Hiép theo
Sadovski (2004) cudi cung da dwoc xac dinh theo
phwong trinh (3).

2.015

PPV = 1181.334/?/ (3)

D€ danh gia mrc d6 chinh xac va hiéu suit ctia
hai mé hinh da phat trién (m6 hinh l4p trinh di
truyén va mé hinh thyc nghiém Sadovski), hai chi
tiéu théng ké la RMSE va hé s6 xac dinh R2 da dworc
str dung. Cac hiéu suit cia cic mo6 hinh dworc tinh
toan trén ca bé dir liéu huln luyén va bo dir liéu
thir nghiém. Cac két qua tinh todn hiéu suit cua
hai mé hinh dworc liét ké trong Bang 1.

Bdng 1. Két qud dw bdo PPV ctia cdc mé hinh.

o Huan luyén Kiém tra

Mo hinh RMSE| R2 |RMSE| R2
Sadovski 0,901 (0,733 | 1,850 | 0,767
Lap trinh di truyén| 0,651 | 0,865 | 0,986 | 0,867

Tir cac két qua trong Bang 1 cho thay hiéu suit
va mirc do chinh xac cda moé hinh 13p trinh di
truyén cao hon mé hinh thwe nghiém Sadovski Xét
vé mit toan hoc, mo hinh 14p trinh di truyén 1a mot
phuong trinh phi tuyén tinh ma tai dé ca 8 bién
dau vao déu tham gia dé giai thich méi lién hé giira
ching v&i PPV. Trong khi d6, mo hinh thuyc
nghiém Sadovski chi str dung 2 bién dau vao (Q va
D) va gidi thich m&i quan hé véi PPV bing mot
phuong trinh tuyén tinh don gian. Cac phat hién
nay cho thiy PPV nén dugc gidi thich bang mot
moi quan hé phi tuyén tinh véi cac yéu té c6 anh
hwéng.

Xét vé mat ciu tric, phwong trinh phi tuyén
tinh dwdi dang di truyén dwoc dé xuit trong
nghién ciru nay phirc tap hon rit nhiéu so véi
phuong trinh tuyén tinh Sadovski Tuy nhién, hiéu
suit va mirc dd chinh xac cia né 1a vuot troi so vai
phwong trinh thwe nghiém dang tuyén tinh. Hon
nita, v&i sw phat trién vwot bac cia cdng nghé
thong tin va sw hd tro' ciia may tinh, cac phwong
trinh phi tuyén tinh phirc tap khéng con la moi
quan ngai clia cac Ky sw va cac nha khoa hoc trong
qua trinh tinh toin. Vin dé mau chét la tim ra
phuong trinh phi tuyén tinh c6 kha nang giai thich
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ro rang moi quan hé voi PPV da duoc giai quyét
bang md hinh 14p trinh di truyén trong nghién ctru
nay. Hinh 4 cho thidy méi twong quan gitra cac gia
tri PPV thuc té€ va PPV duw bdo dwa trén hai mé
hinh da phét trién trong nghién ctru nay.

Cac gia tri PPV thuc té va PPV du béo trong
Hinh 5 cho thiy mirc dd hoi quy ctia mé hinh lap
trinh di truyén t6t hon so véi mé hinh thuc
nghiém Sadovski M6 hinh 14p trinh di truyén cé
kha nang du bao PPV vé&i mire do tin cdy cao trong
toan dai ttr > 0 mm/s cho t&i > 11m/s trén ca hai
tip dir liéu huan luyén va kiém tra. Pang lwu y, c6
3 diém dirliéu c6 thé dwoc xem la cac diém dir liéu
ngoai lai trong tip dit liéu huin luyén trén cd mé
hinh 14p trinh di truyén va mé hinh thwc nghiém
Sadovski , va 2 diém dir liéu ngoai lai trén tip dir
liéu kiém tra. Cac diém dir liéu ngoai lai nay dwong
nhu 14 nhitng diém khé c6 thé xi Iy hodc du bao
chinh xac bdi ca hai mé hinh da phat trién. Tuy
nhién, quan sat ky 2 diém dir liéu ngoai lai trén bo
dit liéu kiém tra, mé hinh 14p trinh di truyén
dwong nhw cung cip cac gia tri dy bao gan véi cac
gia tri thuc té hon mo hinh thyc nghiém Sadovski
Phat hién nay cho thdy md hinh 14p trinh di truyén
con c6 kha nang xt Iy va dw bao cac dir liéu chin
déng n6 min ngoai lai t6t hon mé hinh thuc
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nghiém truyén théng Sadovski Cac dir liéu ngoai
lai nay c6 thé con do anh hwdng cla cac yéu td
khong thé kiém soat nhuw tinh chat co 1y ctia dat da,
diéu kién dia chit.

5. Két ludn

N6 min 1a mét cong doan khong thé thiéu va
khéng thé tach roi trong qua trinh khai thac mo 16
thién. Tuy nhién, cac tac dong tiéu cuc téi moi
trwong xung quanh 1a rat 16n va cin phai dwoc
kiém sodt, gidm thi€u. Nghién cru nay da phat
trién va dé xudt mot mé hinh dw bao chin dong né
min mé&i dwa trén phwong phap lap trinh di
truyén. Giai thuit di truyén da dong vai tro quan
trong trong viéc xay dwng mot phwong trinh phi
tuyén tinh phic tap d€ dw bao chin déng né min
vGi mirc dd chinh x4c dwoc cai thién dang ké so véi
mo hinh thyc nghiém truyén théng.

Cac két qua ctia nghién ctru nay da chi ra rang
chin dong né min c6 méi lién hé phi tuyén tinh v&i
cac théng s6 dnh hwong khac. Cac hé sé cda
phwong trinh phi tuyén tinh 13 101 gidi cho cac yéu
t6 khong ro rang lién quan dén tinh chat co'ly cta
dat da va diéu kién dia chit trong qua trinh né min
trén cac mo 16 thién.
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Hinh 5. Do thi twong quan gitka PPV thuc té'va dw bdo.
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Véi cac phat hién trén, mo hinh 1ap trinh di
truyén nén dwoc st dung dé dw bao chin déng né
min trong thuc té€ do n6 c6 wu diém vuot troi vé
mirc do chinh x4ac, va minh bach trong qua trinh
tinh todn. Khong giéng nhw nhitng thuit todn hoc
may khac, m6 hinh lap trinh di truyén dwoc xem
12 mot trong nhirng “thuit toan hdp tring” thay vi
nhitng “thuat todn hop den” phtrc tap cta cac
thuat toan hoc may khac.

Loi cam on
Nghién ctru nay dworc tai tro' bdi Quy Phat trién

khoa hoc va cong nghé Quoc gia (NAFOSTED)
trong dé tai ma s6 105.99 - 2019.309.
Pong gop cua cac tac gia
- Lén y twéng: Nguyén Hoang, Bui Xuin Nam;
- Thu thap dit liéu: Tran Quang Hiéu, Nguyén
Hoang;
- Phan tich dir liéu: Nguyén Hoang, Lé Thi
Hwong Giang;
- Phéat trién mo hinh: Nguyén Hoang;
- Viét ban thao gdc: Nguyén Hoang, Bui Xuan
Nam, Tran Quang Hiéu, Lé Thi Hwong Giang;
- Chinh stra ban thao: Bui Xuan Nam, Nguyén
Hoang.
Tai liéu tham khao
Daniel Ainalis, Olivier Kaufmann, Jean - Pierre
Tshibangu, Olivier Verlinden, va Georges
Kouroussis (2017). Modelling the source of
blasting for the numerical simulation of blast -
induced ground vibrations: a review. Rock

mechanics and rock engineering, 50(1), 171 -
193.

D Jahed Armaghani, M Hajihassani, E Tonnizam
Mohamad, A Marto, va SA Noorani (2014).
Blasting - induced flyrock and ground
vibration prediction through an expert
artificial neural network based on particle
swarm optimization. Arabian Journal of
Geosciences, 7(12), 5383 - 5396.

Danial Jahed Armaghani, Mohsen Hajihassani,
Aminaton Marto, Roohollah Shirani
Faradonbeh, va Edy Tonnizam Mohamad
(2015a). Prediction of blast - induced air
overpressure: a hybrid Al - based predictive

model.  Environmental
Assessment, 187(11), 666.

Monitoring  and

Danial Jahed Armaghani, Mahdi Hasanipanah,
Hassan Bakhshandeh Amnieh, va Edy
Tonnizam Mohamad (2018). Feasibility of ICA
in approximating ground vibration resulting
from mine blasting. Neural Computing and
Applications, 29(9), 457 - 465.

Danial Jahed Armaghani, Ehsan Momeni, Seyed
Vahid Alavi Nezhad Khalil Abad, va Manoj
Khandelwal (2015b). Feasibility of ANFIS
model for prediction of ground vibrations
resulting from quarry blasting. Environmental
earth sciences, 74(4), 2845 - 2860.

Mohd Nur Asmawisham Alel, Mark Ruben Anak
Upom, Rini Asnida Abdullah, va Mohd Hazreek
Zainal Abidin. Optimizing Blasting’s Air
Overpressure Prediction Model using Swarm
Intelligence. In Journal of Physics: Conference
Series, 2018 (Vol. 995, pp. 012046, Vol. 1): IOP
Publishing

Nhit Van Bach, Bui Xuan Nam, Nguyén Dinh An, va
Tran Khic Hung (2012). Phwong phap xac
dinh t6c d6 dao ddng ctia nén dat khi né min vi
sai phi dién. Tap chi Khoa hoc ky thudt M6 - Pia
chdt, 38/2012, 25 - 28.

Nhir Van Bach, Lé Vin Quyén, Bui Xuidn Nam,
Nguyén Dinh An, va Nhit Vin Phuc (2006).
Nhitng bién phap giam thiéu tac dung chan
dong khi né min & moé Nui Béo. Tap chi Khoa
hoc ky thudt M6 - Pia chdt, 14/2006, 58 - 62.

Nhir Van Bach, Lé Van Quyén, Lé Ngoc Ninh, va
Nguyén Dinh An (2014). Céng nghé né min hién
dai véi 16 khoan dwdmng kinh Iém dp dung cho cdc
mé dd vt liéu xdy dwng ctia Viét Nam. Ha Noi:
Khoa hoc Ty nhién va Cong nghé.

Nhit Van Bach, va Nguyén Van Thanh (1996). Anh
hwdng cac vu nd 16n va mot s6 bién phap bao
vé cong trinh. Tap chi Céng nghiép ma, 4/1996,
13- 14.

Xuan - Nam Bui, Yosoon Choi, Victor
Atrushkevich, Hoang Nguyen, Quang - Hieu
Tran, Nguyen Quoc Long, va nnk. (2020).
Prediction of Blast - Induced Ground Vibration
Intensity in Open - Pit Mines Using Unmanned
Aerial Vehicle and a Novel Intelligence System.



Nguyén Hodang va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 61(5), 107 - 116 115

Natural Resources Research, 29(2), 771 - 790,
doi:10.1007/s11053 - 019 - 09573 - 7.

Xuan - Nam Bui, Pirat Jaroonpattanapong, Hoang
Nguyen, Quang - Hieu Tran, va Nguyen Quoc
Long (2019). A novel Hybrid Model for
predicting Blast - induced Ground Vibration
Based on k - nearest neighbors and particle
Swarm optimization. Scientific Reports, 9(1), 1
-14.

Xuan-Nam Bui, Hoang Nguyen, Quang Hieu Tran,
Hoang-Bac Bui, Quoc Long Nguyen, Dinh An
Nguyen, va nnk. (2019). A Lasso and Elastic -
Net Regularized Generalized Linear Model for
Predicting Blast - Induced Air Over - pressure
in Open - Pit Mines. InZynieria Mineralna, 21.

Saeid R Dindarloo (2015). Prediction of blast -
induced ground vibrations via genetic
programming. International Journal of Mining
Science and Technology, 25(6), 1011 - 1015.

Candida Ferreira (2001). Gene expression
programming: a new adaptive algorithm for
solving problems. arXiv preprint cs/0102027.

S Ghoraba, M Monjezi, N Talebi, D Jahed
Armaghani, va MR Moghaddam (2016).
Estimation of ground vibration produced by
blasting operations through intelligent and
empirical models. Environmental earth
sciences, 75(15), 1137.

Vivek K Himanshu, MP Roy, AK Mishra, Ranjit
Kumar Paswan, Deepak Panda, va PK Singh
(2018). Multivariate statistical analysis
approach for prediction of blast - induced
ground vibration. Arabian Journal of
Geosciences, 11(16), 460.

Manoj Khandelwal (2011). Blast - induced ground
vibration prediction using support vector
machine. Engineering with Computers, 27(3),
193 -200.

Manoj Khandelwal, va PK Kankar (2011).
Prediction of blast - induced air overpressure
using support vector machine. Arabian Journal
of Geosciences, 4(3 - 4), 427 - 433.

Manoj Khandelwal, PK Kankar, va SP Harsha
(2010). Evaluation and prediction of blast
induced ground vibration using support vector

machine. Mining Science and Technology
(China), 20(1), 64 - 70.

Manoj Khandelwal, D Lalit Kumar, va Mohan
Yellishetty (2011). Application of soft
computing to predict blast - induced ground
vibration. Engineering with Computers, 27(2),
117 -125.

Manoj Khandelwal, va TN Singh (2006).
Prediction of blast induced ground vibrations
and frequency in opencast mine: a neural
network approach. jJournal of Sound and
Vibration, 289(4), 711 - 725.

Manoj Khandelwal, va TN Singh (2007).
Evaluation of blast - induced ground vibration
predictors. Soil Dynamics and Earthquake
Engineering, 27(2), 116 - 125.

Manoj Khandelwal, va TN Singh (2009).
Prediction of blast - induced ground vibration
using artificial neural network. International
Journal of Rock Mechanics and Mining Sciences,
46(7),1214 - 1222.

Monjezi, M Ghafurikalajahi, va A Bahrami (2011).
Prediction of blast - induced ground vibration
using artificial neural networks. Tunnelling
and Underground Space Technology, 26(1), 46 -
50.

M Monjezi, M Ahmadi, M Sheikhan, A Bahrami, va
AR Salimi (2010). Predicting blast - induced
ground vibration using various types of neural
networks. Soil Dynamics and Earthquake
Engineering, 30(11), 1233 - 1236.

M Monjezi, M Ghafurikalajahi, va A Bahrami
(2011). Prediction of blast - induced ground
vibration using artificial neural networks.

Tunnelling  and  Underground  Space
Technology, 26(1), 46 - 50.
Masoud Monjezi, M Baghestani, R Shirani

Faradonbeh, M Pourghasemi Saghand, va D
Jahed Armaghani (2016). Modification and
prediction of blast - induced ground vibrations
based on both empirical and computational
techniques. Engineering with Computers,
32(4),717-728.

Masoud Monjezi, Mahdi Hasanipanah, va Manoj
Khandelwal (2013a). Evaluation and
prediction of blast - induced ground vibration



116 Nguyén Hodang va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 61(5), 107 - 116

at Shur River Dam, Iran, by artificial neural
network. Neural Computing and Applications,
22(7-8),1637 - 1643.

Masoud Monjezi, A Mehrdanesh, A Malek, va
Manoj Khandelwal (2013b). Evaluation of
effect of blast design parameters on flyrock
using artificial neural networks. Neural
Computing and Applications, 23(2), 349 - 356.

Hoang Nguyen, Xuan - Nam Bui, Quang - Hieu
Tran, va Ngoc - Luan Mai (2019). A new soft

computing model for estimating and
controlling blast - produced ground vibration
based on hierarchical K - means clustering and
cubist algorithms. Applied Soft Computing, 77,
376 -386,d0i:10.1016/j.as0c.2019.01.042.

Sadovski (2004). MexaHuueckoe delicmsue

8030dYUWIHbIX YOAPHBIX BOJH 83PbIBA NO OAHHbLIM
IKChepuMeHmMaAbHuIX  uccaedosanutl:  M.:
Hayka.



