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In mining industry, blasting operation is effective method to fragment
rocks, supporting for the next operations in surface mines such as loading,
and hauling works. However, blasting operation also impacts adversely
on buildings and the surrounding environment, in which the vibration
wave is one of the most severe impacts. Therefore, the implementation of
the forecasting models of vibration speed contributes significantly to
guarantee the safety of buildings located within the impact areas of the
vibration wave. This paper employs the monitoring results of blasting
activity at the Ninh Dan limestone quarry situated in Thanh Ba district,
Phu Tho province, to develop different forecasting models that determine
the effects of the ground vibration speed in the surrounding buildings. The
results show that the models USBM and Ambraseys Hendron having more
accuvate prediction than other models.
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DPanh gia mo6t s6 m6 hinh dw bao chan ddong khi nd6 min tai mé
da voi Ninh Dan, huyén Thanh Ba, tinh Pha Tho

Nguyén Dinh An ¥, TrAn Quang Hiéu 1, Tran Dinh B3o 1, Phonepaserth
Soukhanouvong 2

1 Khoa M6, Truong Pai hoc M6 - Pia chdt, Viét Nam
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THONG TIN BAI BAO TOM TAT

Qud trinh: Trong khai thdc md, né min la phwong phdp phd vé ddt dd hiéu qud phuc vu

thén bai 05/4/2020 cho cdc khdu tiép theo la xiic boc, van tdi,... Tuy nhién, né min ciing gdy nhiéu
Swra xong 13/7/2020 tdc dong c6 hai dén cdc céng trinh bdo vé va méi trworng xung quanh, trong
Chap nhan dang 31/8/2020 44 ddng ké nhdt la tdc dung ctia séng chdn déng né min. Do vdy, viéc st dung

Tur khéa: cdc mé hinh dy bdo téc do dao dong nén dét do né min sinh ra déng mét vai
Mb Ninh DAn tro rdt quan trong nham ddm bdo an toan déi véi cdc cong trinh can bdo vé
NG min ndm trong viing dnh hwéng ctia song chdn dgng né min. Bai bdo da st dung
S6 l;“' 46 cdc két quad do gidm sdat nd min tai mé dd véi Ninh Ddn, huyén Thanh Ba, tinh
ong chah dong, Phii Tho va st dung cdc mé hinh khdc nhau dé du bdo toc dé dao dong ctia
Toc d6 dao dong_ " Al \ 7 2 P . A \ 5 A y Ty 2
: g nén céng trinh dnh hwéng dén cdc cong trinh bdo vé xung quanh. Két qud

cho thdy: mé hinh USBM va Ambraseys Hendron c6 dé chinh xdc cao hon cdc
mo hinh khdc.

© 2020 Trwong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

sinh ra nhirng cong v6 ich nhw s6ng chan dong lan
1. Mé dau truyén trong moi treomg dat da, séng va dap lan
truyén trong khong khi, da bay va sinh ra nhiéu
bui, tiéng 6n,... Nhitng tac hai trén ludn ton tai
trong cac vu nd min, gy anh hwdéng khong nho téi
sw an toan cda cac cong trinh bao vé xung quanh,
moi treong sinh thai, an toan lao dong, doi song
dan sinh (Hinh 1). Mirc d6 anh hwdng cia nhitng
tac dong co hai nay phu thudc vao nhiéu yéu to tw
nhién - ki thuat khac nhau trong cdng tic né min
(Nhit Van Béach, 2015).

Tiéu chuin tong quat nhat danh gia tic dung
“Tdc gid lién hé ckllén dff)ng lfhi n,6 miAn la t6‘c do d;ao dong rié\ng i:ﬁa
E - mail: nguyendinhan@humg. edu.vn cac _’an nAha,‘cacA cong trlonhﬂdanw d‘-”‘% va cong
DOI: 10.46326/JMES.2020.61(4).11 nghiép, day la thong sé chu yéu dé quyét dinh tac

Trong khai thac md, nd min la mot trong nhirng
phuwong phap pha v dat da hiéu qua va dwoc st
dung kha phé bién hién nay trén cac mé khai thac
da voi & Viét Nam. Tuy nhién, trong qué trinh né
min, khong phai toan b nang lwong sinh ra cia
chit nd dwoc str dung dé pha ver dat da ma thuc té
chi c6 mét phén rat nho nang lwong trén cé tac
dung dap v dat da, con lai phan 16n nang lwong
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dung chin déng cua cac loai séng khac nhau doi
véi cong trinh (Kutuzov, 1992; Xadopski, 2004;
Ganaponxki va nnk,, 2007).

DPEé dy doan téc do dao dong nén dat co thé st
dung nhiéu mo hinh dy bao khac nhau dya trén
két qua do téc do dao ddng 16n nhat (PPV, mm/s).
Nhin chung, cAc md hinh dw bdo dwa ra cé dang
théng nhét, trong d6 c6 chira hai théng s6 quan
trong la khéi lwgng thudc né str dung 16n nhit cho
mdi c4p vi sai (Q) va khoang cach tinh tir vi tri nd
min dén diém dit may do can gidm sat chin dong
(R), chi c6 cac chi s6 mii va cac hé s6 chan dong (K)
la khac nhau tuy thudc vao diéu kién cu thé ctia bai
né (x4c dinh bang thwe nghiém) (Nhit Van Bach va
nnk, 2013; Nguyén Dinh An va nnk, 2011;
Drukovanui, 1973).

Trong nghién ctru nay, nhém tac gia da thuc
hién gidm sat chan déng né min tai mo6 da véi Ninh
Dan huyén Thanh Ba, tinh Phi Tho. Trén co sé cac
két qua do giam sat, nhom tac gia da st dung cac
mo hinh khac nhau dé du béo téc d6 dao dong lom
nhit clia nén céng trinh (PPV, mm/s) do anh
hwédng cia nd min, dé tir d6 c6 thé diéu chinh lai
cac théng sb cia vu no trong hé chiéu né min
nham dam bao an toan va nang cao chitlwong dap
v dit da cho mo da voi Ninh Dan.

2. Cac m6 hinh dw bao chidn déng Khi né min

Cac nha khoa hoc déu cho rang khé c6 thé xac
dinh dwoc toc dé dao déng ctia nén cong trinh khi
nd min bang cach str dung phwong trinh dong luc
hoc vi si thay ddi quy mo ciia mot dot nd, so do
né, diéu kién dia chit, (Xadopski, M. A, 2004),
(Nhit Van Bach, 2015). Chinh vi viy dé du doan
dwoc téc dd dao dong 1om nhit cia nén dat bang

cach str dung cac cong thirc thuc nghiém trén co
s& cac két qua gidm sat dwoc cda vu no dwoc thé
hién trong Bang 1.

Bdng 1. Cdc mé hinh dw bdo téc dé dao dong nén
dat dwa trén hé s6'ti Ié khodng cdch.

TT Phuong phap tiép cin: Hé s6 ti 1é khoang cach
lity tién gidm dan (R/ (), Ds
-b
1| USBM (1959) PPV = K [i]
Je
Amb R
mbraseys _

2 Hendron (1968) PPV =K ls Ql
Phuong phdp tiép can: Hé s6 ti 1é khoang cach
tang liy tién (Q/R), Ds

Indian Strandard Qmax b
1 (1973) PPV = K|35 ]
b
Langefors- Qmax
% | kihstrom (1963)| PPV = K| | 227
Trong d6: PPV-toc dd dao dong clia nén dat, mm /s;
Q - khéi lwong thudc né st dung 16n nhat cho moi
cap visai, kg; R- Khoang cach tir bii n6 dén diém do,
m; K b, n, a 1a cic hé s6 xac dinh bang thuc nghiém.

Bang 1 gidi thiéu cac mo hinh dy bao khac
nhau dé xac dinh toc do dao dong giy ra bdi vu nd
dwa trén hai khai niém ti 1€ khoang cach khac
nhau. Nhém mo hinh dw bao ctia USBM (1959) va
Ambraseys Hendron (1968) dwa trén hé so ti 1&
khodng cach lily tién gidam dén la ti s6 gitra khoang
cach va khoi lwong thuéc né cho mét dot no vi sai
(R/Q), nghia la khoang cach tang thi toc d6 dao
dong gidam (Dehghani, 2011), (Stig O Olofsson,
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1997). Cac mé hinh du bio nay dwgc nhiéu tac gia
str dung pho bién hién nay. Nhném md hinh dw bao
cia Indian Strandard (1973) va Langefors-
Kihlstrom (1963) dwa trén hé s6 khoang cich tang
lhy tién la ti s gitra khoi lwong thudc nd va khoang
cach (Q/R) nghia la hé s6 khoang cach nay sé ti 1é
thuén véi toc d6 dao dong (Khandelwal va Singh,
2009,2007). Néi chung cac mé hinh dy bao nay
déu chinh xac chi c6 cach tiép cin vé mét todn hoc
la khac nhau.

3. Panh gia téc d6 dao dong nén dit do nd
min khi sit dung cac mé hinh dw bao khac
nhau

b€ duwbao téc d6 dao dong1én nhat cia nén dat
theo cAc m6 hinh khac nhau, nhém nghién ctru da
str dung thiét bi Blastmate IIl va Micromate dé tién
hanh do giam sat cac vu n6 tai mé da voi Ninh Dan.
Hién tai mé d4 voi Ninh Dan dang né min vi sai phi
dién 1a n6 min vi sai theo so dd qua tirng 16 (thé
hién ché do dat tai t6i da). Cac thong s6 né min cla
cac vu no duoc thé hién & Bang 2; so d6 dau ghép
mang nd giGi thiéu & Hinh 2; vi tri gidm sat n6 min
va két qua giam sat nd min dugc trinh bay & Hinh
3 va Hinh 4. Trong Bang 3 téng hop cic cackét qua
giam sat, khoang cach do va khéi lwgng thudc né
cho 1 cap vi sai. Bang 4 trinh bay hé s6 ti 1é khoang
cach cho cac moé hinh dv bao khac nhau (QCVN
01:2019/BCT).

Tir két qua gidm sat dwoc qua cac dot nd min,
hé s6 ti 1é khoang cach xac dinh cho hai mo hinh
da trinh bay & trén va st dung phwong phap hoi
quy, xac dinh dwoc hé s6 chdn déng K va chi sé mii
b, gi¢i thiéu trong Bang 5. P06 thi Hinh 5 biéu dién
moi quan hé gitra toc do dao dong lém nhat PPV va
hé s6 khoang cach gidm (R/Q) va ting (Q/R).

Qua phén tich cic m6 hinh & trén, nhin thay
nhom mé hinh USBM va Ambraseys Hendron cé
hé s R? cao va twong tw nhau, hé s6 mii cling gan
nhw nhau nhwng hé s6 K lai khac nhau.

Bdng 2. Cdc théng s6 khoan n6 min thyc hién

gidm sdt.
A aiin Ky o s
TT Tén chi tiéu .~ |Ponvi| Giatri
hiéu
1 |Chiéu cao tingkhaithac| H: | m 6+7
2 |Téngs6 lwongldkhoan | N | 16 20+30
3 |Pwdmgkinh 16 khoan dr | mm 102
4 |Chifu siu 16 khoan L | m | 6777
5 |Chiéusdu khoanthém | Lix | m 0,5+1
6 |G6c nghiéng 16 khoan £ | do 85
7 [Puwongkhangchinting| W | m | 2,9+3.2
8 Khoéng c4ch giita cac 16 a | m | 29:32
khoan
Khodang cach giira cac
9 hang 16‘g khoaut';g b m 29+3,2
10| Chi tiéu thudc nd q |kg/m3|0,35+0,37
Téng lwong thude nd
11 |cho 116 khoan (cho 1 Q | kg | 21+23
cap vi sai)

Bdng 3. Két qud gidm sdt, khéi lwgng thuéc né mét
cdp vi sai va khodng cdch gidm sdt.

TT | Khoang | Khoilwong thude | Tdc dd dao
cachdo | ndélénnhitcho |donglén nhit

R,m |mdicipvisai Q kg| PPV, mm/s
1 155 23 8,92
2 230 21 6,22
3 155 21 10,9
4 230 23 6,87
5 300 23 4,9
6 245 23 5,07
7 200 23 4,99
8 130 23 10,8
9 180 23 7,53
10| 130 23 8,73
11| 460 23 1,4
12| 430 23 1,12
13| 420 23 1,18
14| 278 23 2,53
15| 130 23 9,21

/’425 //.442 f459 _A4 476 /ﬂ193 %510 ,527 //’544 //,561 /(578

/ /\
/25 /25 // 25 /25 / 25
/

/ 25 / /25 /25 / 25 /25

00 a17 434 451

ﬁd @ ﬁkgt O—0—0@

485 502 519 536 553 570

Hinh 2. Sor d6 ddu ghép mang nd st dung kip né vi sai phi dién.
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Hinh 4. Hinh dnh va két qud gidm sdt n6 min.
(a) Mdy do gidm sdt n6 min Micromate (Canada);
(b) Két qua do gidm sdt nd min tai mé dd Ninh Ddn.
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Bdng 4. Hé s6'ti I¢ khodng cdch véi cdc mé hinh dw

Bdng 5. Hé s6 K va b ctia cdc mé hinh dw dodn khdc

dodn khdc nhau. nhau.
Hesotilekhoang | oo iiia vhoang cach| | rr| MOMnhdw | s o jo| HE SO | HE 56 twong
cach liiy tién giam tang ldly tién (Q/R), D doan mii b quan R?
dan (R/Q), Ds sy s 1 USBM | 667,75 | -1,32 | 0,71
TT| USBM Algnbrjseys I_I?Eigefors- S Indldan . 2 Ambraseys 13533 | -1,33 0,71
(1959) (elr;61;30)n 1(1;t6r;)m t(rf;l7§;“ and Hendron
Langefors-
\7;_ %— 3 Kihlstrom 10,0478| 3,87 0,68
Q Q Tiéu chudn An
1] 32,32 54,50 0,89 0,80 4 o 10,478 | 1,93 0,68
2| 50,19 83,37 0,75 0,56
3| 3382 56,18 0,85 0,73 Nhém mé hinh Langefors-Kihlstrom va Indian
4| 4796 80,88 0,78 0,61 Strandard c6 gia tri R? va hé s6 chan dong K giong
5| 62,55 105,49 0,72 0,51 nhau nhung hé s6 mii b lai khac nhau.
6| 51,09 86,15 0,77 0,59 Muc dich chinh trong nghién ctru nay st dung
7| 41,70 70,33 0,82 0,67 cac mo hinh du bdo khac nhau dé xac dinh quy mo
8| 27,11 45,71 0,95 0,90 mot dotnd min hop ly véi téc do dao dong nén dat
9| 37,53 63,29 0,85 0,72 16m nhat nam trong gi¢i han cho phép. Trén co s&
10| 27,11 45,71 0,95 0,90 cac két qua gidm sat tir cac dot no, st dung
11] 95,92 161,75 0,62 0,39 phwong phap kiém chirng chéo dé wéc tinh téc do
2| 8966 | 151,20 0,64 0,40 dao dong 16n nhit cho 4 mé hinh trén (Hinh 6).
13| 87,58 147,69 0,64 0,41 Qua két qua nghién ctru nhan thiy cic mé hinh
14| 57,97 97,75 0,73 0,54 USBM va Ambraseys Hendron c6 hé sé R? = 0,79
15] 27,11 45,71 0,95 0,90 va cadc mo hinh Indian Strandard va Langefors c6
hé s6 R?= 0,74.
100 100 4
‘é PW"‘“‘;PE?,}?(DS"”' g PP Vi tissron = 1926.59(Dsy
E 10 5 10
£ £
; 3
10.00 100.00 1000.00 10.00 100.00 1000.00

H¢ sd ti 1§ khodng cich Dg theo USBM

10

PPViangefors kibistrom = 16.12{Dg) 304
R?=0.84

Téc d§ dao dng lon nhdt (PPV), mm/s

4
-

010 1.00 10.00
Hé 58 ti 18 khodng cich Dy theo Langefors-Kihlstrom

He s8 ti1¢ khodng Dg theo Ambraseys Hendron

T8c d§ dao ddng Ién nhat (PPV), mm/s

o
-

PPV = 16.12(Dg)>5
R2=0.84

0.10 1.00 10.00
Hé s& ti 1¢ khodng cach D theo tiéu chusn An DO

Hinh 5. D6 thi biéu dién mdi quan hé giira téc do dao dong I6m nhdt PPV va hé s6'ti 1é khodng cdch
Dsvéi cdc mé hinh khdc nhau.
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Hinh 6. D6 thi kiém chirng chéo giita hé s6 ti I¢ khodng cdch tdng va gidm vdi toc do dao dong vdi cdc
mo hinh khdc nhau.

Vi cac két qua phén tich trén ta nhén thay, dé
dw bdo téc d6 dao dong lémn nhat ctia cac vu nd tiép
theo nén s dung cac moé hinh USBM va
Ambraseys Hendron vi c¢6 dd tin cay cao hon.

4. Két luan

1. Tiéu chuin tong quat nhat danh gia tic dung
chan dong khi né min la toc d6 dao dong 16m nhit
(PPV, mm/s) ctia nén cong trinh cn bao vé. Hai
thong s6 quyét dinh dén toc dd dao déng ctia nén
dat 1a khoi lwong thudc né Q (kg) va khoang cach
do ttr vi tri n6 min dén diém do R (m).

2. Trén co s& nhirng so liéu do dwoc tir cac vu
no6 cia moé da voi Ninh Dan, qua viéc st dung cac
mo hinh khac nhau dé danh gia du bao toc d6 dao
déng nén dat, tac gia dé nghi sit dung cic mo hinh
dw bao USBM va Ambraseys Hendron, dwa trén hé
s ti 1é khoang cach giam ldy tién 1a ti s6 gitra
khoang cach va khoi lwong thudc né cho mot dot
né visai (R/Q), dé du béo téc dd dao dong cia nén
dAt c6 do chinh xac cao hon cdc mé hinh khac khi
tién hanh nd min tai mé da voi Ninh Dan.

3. K&t qua nghién ctru ciia nhom tac gia ciing la
co s& khoa hoc dé lwa chon, tinh toan 4p dung cho
cac mo da voi khac & Viét Nam c6 diéu kién né min

khai thac twong tw mé da voi Ninh Dan, huyén
Thanh Ba, tinh Ph1 Tho.
Loi cam on

Nhoém tac gia xin cdm on cac can bd phong ky
thuat khai thac tai mé da voi Ninh Dan huyén
Thanh Ba, tinh Phid Tho da cung cip cac tai liéu va
phoi hop gitp d& ching toi trong qua trinh do dac,
giam sat n6 min thwc nghiém tai moé dé hoan thanh
bai bao nay.

Tai liéu tham khao

An toan trong san xudt, thir nghiém, nghiém thu,
bdo quan, vin chuyén, stt dung, tiéu hiy vat
liéu n6 cong nghiép va bao quan tién chit thudc
n6- QCVN 01:2019/BCT.
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