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KHOA HOC TRAI PAT VA MO

TOM TAT

Bai bao trinh bay co s& ly luan va thuc tién ing dung cda phwong phdp né min véng xa dinh
hwéng trong thi cdng cong trinh thiy lgi va giao thong tai cac khu vire ¢ dia hinh phdec tap. Dua trén
ly thuyét thdy déng luc hoc vu né va cac cong thirc thuc nghiém cda Pocropvski, bai bao phan tich
cac théng sé ky thuat quan trong nhuw chi sé tac dong né (n), duong cédn ngdn nhét (W) va tinh toan
Iurong thuée né cho budng min. Béc biét, nghién ciru di sdu vao ki thuat né min vi sai phi dién nham
kiém soat chan déng (PPV) va dinh huéng da vang. Két qua ap dung thuc té tai cong trinh hd chia
nwéc Cira Pat (Thanh Hoa) cho thay phuong phéap nay khéng chi dam bao an toan tuyét déi cho cac
cong trinh 1an can ma con téi wu héa chi phi, rat ngan tién doé thi cong trén nén da géc c6 do kién cd

cao (f=10-14).

T khéa: N6 min vang xa dinh huéng; né min vi sai; hd chira nuéc Cira Pat; kiém soéat chén

déng; cong thdrc Pocropvski.

1. PAT VAN BE

Trong thoi dai hién nay, strc lao déng cla
con nguwoi ngay cang dwoc thay thé bdi may
moc va thiét bi hién dai. Tuy nhién, trong nhiéu
trwéng hop, cac thiét bi nay van gap phai nhirng
han ché nhét dinh, dac biét la khi can di chuyén
khéi lwong I&n dat da hodc thay ddi dia hinh tw
nhién. Dé khac phuc cac han ché khi thi cong
trong diéu kién dia hinh phirc tap, viéc tan dung
nang lwong tlr chat né - dic biét la phwong
phap ndé min vang dinh hwéng - d& chirng minh
dwoc hiéu qua rd rét trong thuc tién.

Phuwong phap nay khéng chi dwgc (’ng dung
rong rai trong nganh khai thac khoang san ma

Khoi thude

con dwoc str dung hiéu qua trong linh vic thay
lgi, giao théng... gilp thi cdbng nhanh chéng va
tiét kiém chi phi dang ké.
2.CO' SO LY THUYET CUA NO MiN VANG XA
DINH HUONG

2.1. Co s& ly luan cta né min vang xa
dinh hwéng

Gia str trong mot moi trwdng nao d6 cd mot
16 rdng hinh cau c6 tam O; nguoi ta d&t 1 bao
thudc hinh cdu O, cach O; mét khodng nao dé
(Hinh 1). Khi bao thuéc nd pha cac phan t
xung quanh bao thuéc sé chuyén dich ra xa bao
thubc cé phwong trung véi duwdng kinh bao
thudc [1].

Hinh 1. So do xac dinh téc do cta dat da khi né vang dinh hwéng [1]

Xét 1 phan tlr & bién 16 réng, phan t& nay sé
chuyén déng véi Vz = Vi + Va.

Trong d6: Vi-Van tbc ndé pha huéng duwong
kinh (do séng nén gay ra) m/s; Vo-Van tbc
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hwéng vao tam 16 réng (do séng kéo gay ra)
m/s; Vz- Téng hop van tbc; m/s.

Ta thdy tén tai mdt quy dao cua chuyén
déng mébi trwdng xung quanh thdéng qua tac
dung cuia song phan xa gay nén mét trweong van
tbc. Nhw vay gitva bao thudc va 16 réng hinh
thanh rd rét mot ludng cé dinh hwéng. Vay cé
thé két luan nhw sau:

- Cac hé 18m trén dia hinh, du hinh thanh tw
nhién hay do con ngu¢&i tao ra, thwdng dong vai
trd la vung dan hwéng cho khéi dat da di chuyén
tap trung véi van toc cao khi xay ra nd min.

- D4t da dwoc vang di manh va tap trung
nhét 1a theo phwong dwéng can ngan nhét.

- Cac mat I6m la trung tam thu hut dat da, 1a
phwong chu yéu dé dat da bay di.

Tay theo muc dich s dung ma ta coé thé
didu khién dat da bay vé mét phia nhw Hinh 2:
(1.2b) hoac hai phia nhw hinh vé (1.2a) [1][2]:

- B
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Hinh 2. N6 min budng ving xa dinh hwéng

Khi d6 khéi lwong thuéc nd duwoc xac dinh
nhv sau:

- Theo cbng thirc thwc nghiém dugc phat
trién b&i Boreckov, khi chiéu dai dwéng can nhé
hon 25 m, lwong thuéc ndé can thiét cho méi
budng cé thé dwoc tinh toan bang ham phu
thudc vao chi sb tac déng va chi tiéu thubc nd.
Khi W > 25 m, cong thirc tinh chuyén sang dang
m& rong theo Pocropvski nham phan anh anh
hwéng cua dia hinh [3]:

3 3

Q=(0,4+0,6n°)g.w » -1

- Khi dwérng can nhd nhat W > 25m thi Khéi
lwong thubc nd clia mét budng min xac dinh
theo cong thirc ctia Pocropvski[4]:

Q =(0,4+0,6n3)qt.W3.\/%, kg

(1-2)

Trong d6 :W- La dwdng can ngan nhat, m

n- Chi sé tac dong né. Lwa chon chi sé tac
dung nd 1a viéc quan trong nhét trong nd min
vang xa dinh hwéng. Théng thwong khi nd min
vang xa dinh hwéng nguwoi ta ¢é thé chon n =
1,25+ 3.
qi- chi tiéu thudc nd; kg/m3

Chi tiéu thuéc nd cé thé tham khao qua bang
sau:

Chi tiéu thuéc né q:;
3
Loai dét da kg/m s
Khi né toi )

vang xa
Sét két cirng 04-05 | 1,2-1,55
Cuorketva dam ket | o5 06 | 1.5-18
CO XI mang vol
P4 voi 06-07 | 1,8-21
Cat két xi mang 0,45-0,55 | 1,35 - 1,65
bolomit, catketco | o5 55 | 15-1,05
X1 mang Vol
Granit, granodiorit 06-085 | 1,8—-2,55

2.2. Xac dinh ban kinh vang xa dinh hwéng

N6 min vang xa dinh hwéng 1a nd ving
manh, dat da dwoc vang di theo mdt huwéng
nhat dinh. Hwéng vang cha dat da sé theo
phwong dwdng cadn ngén nhat do mat Idm cla
dia hinh tw nhién hoac do con nguoi tao ra.

N6i dén né min vang xa dinh huéng, nguoi
ta nghi ngay dén nhirtng lwong thubéc nd Ion,
khéng 16 nap trong cac budng min I&n. Thé
nhwng, trong thuc té ngudi ta con loi dung diéu
kien dia hinh, cac n&t né cé san va béng
phwong phap nd min vi sai hang loat cac lwong
thuéc nhd nap trong 16 khoan ma van hoan
thanh dwogc cong viéc ma twdng chi cé nhirng
phat nd véi khdi lwong thubc khéng 16 (hang
nghin tan) mai giai quyét dworc.

Khi d6 ban kinh dinh hwéng Ran ¢6 thé dwoc
xac dinh theo biéu thirc sau [5], xem Hinh 3:

W Z
Rdh :C(SnW +m+tg—a)’ m (1—3)
Trong doé:
Ran- Ban kinh dinh hwéng; m
C- Hé sé phu thudc dia hinh va hinh dang
khéi d&p(C = 0,2-0,5)
n- Chi s6 tac dong nd n = 1,25+3.
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W- Budng can nhd nhat; m
Z- D6 chénh cao gitra lwong thudc nd va dinh
dap; m

[,

| Ran

1

Hinh 3. So’ d6 xac dinh ban kinh dinh hwéng
3. MOT VAI ’'NG DUNG TRONG THUC TIEN
3.1. Tinh wu viét khi né min vi sai

Ky thuat né min vi sai la phwong phap st
dung nhiéu diém nd lién tiép theo mot chubi thoi
gian da dwoc dinh trudce, thwong thdng qua kip
nb dién t& hodc kip nd cé thdi gian tré co hoc.
M®i 16 khoan sé chira mét lwong thubc nd nhd,
dworc kich nd theo trinh tw dinh sén, tao ra hiéu
&ng cong hwdng séng nd nhdm tang hiéu qua
pha v& dat da theo hwéng mong muébn.

Trong nghién ctru vé nd min vi sai [6], so' dd
mo phdng sw gidm chan, xem Hinh 4, cho thay:

Giam chan dong theo khoang cach —
So sanh nd théng thudng va né vi sai

N& vthon thudéng

NG vi sai \‘\&:‘* <
(phased) S

Muic chan déng (PPV — cm/s)
S
7

0 1‘0 2I0 50
Khodng cach tit ngudn nd (m)
Hinh 4. Giam chan déng theo khoang cach-
So sanh n6 théng thwéng va né vi sai [7]

- Khi nb théng thweng (dwong lién): Gia tri
PPV dat gia tri dinh cao, séng chan déng chdng
l&n manh, ndng lwong cdong hwdng. Nguy co
dan dén vuwot giéi han cho phép, gay nit cong
trinh, rung l&c nha dan, d&c biét nguy hiém &
khodng cach trung binh (= 8-20 m)

- Khi nd vi sai (dwdng nét dut): Gia PPV
thdp hon rd rét, séng dwoc phan tan theo thdi
gian dan dén hiéu qua Gidm chan déng nén,
dudng cong nam dwdi gidi han cho phép. Tw dé
la co' s& khoa hoc cho nd min dinh huwéng va nb
min kiém soat rung dong.

Do d6, Ky thuat né min vi sai d&c biét phu
hop trong méi trwong thi cong gan khu dan cw
ho&c cong trinh quan trong. Thay vi dung thudc
nd 1&n, ky thuat hién dai ap dung phwong phap
phan phéi lyc nd bang nhiéu diém nd nhd, phdi
hop cé kiém soat, giip gidm thiéu thiét hai moi
trwong va tang tinh an toan.

3.2. M6t vai irng dung khi né min vi sai dinh
hwéng
3.2.1. Diéu chinh dong chay cua sdng

M6t minh chivng tiéu bidu cho hiéu qua cla
ky thuat la dw an thay dién trén lwu vic séng
Xuldc(Sulak), noi dia hinh phirc tap khién giai
phadp co giG¢i trd nén khé kha thi. Khi do,
phwong an nd min vang xa dinh huéng két hop
nap thuéc trong khe nit va kich nd vi sai da gitp
hoan thanh céng trinh an toan va hiéu qua.

M6t trong nhitng (rng dung né min vang xa
dinh hwéng trén thé gidi la khi nd min trén lwu
vurc sdng Xuldc co chiéu sau téi 250m va rong
phai trén 1én t&i hang tram mét duwgc chon lam
dia diém d&t cong trinh co ban clta tram thay
dién Chirkey(LB Nga). Céng viéc duwoc tién
hanh that khé khan, phai dwa nguwoi va thiét bi
lén mot d6 dbc dirng va cao gay nguy hiém cho
ngudi va thiét bi. Khi d6 nguoi ta da dwa ra
dwoc moét gidi phap t6t va hoan thanh dwoc
cobng trinh 1a chat né dwoc nap trong céac 16
khoan nhé va cac khe nit, dung phwong phap
nd min vi sai d& vang xa dinh huwéng.

Giai phap: Bang cach st dung céc kip vi sai
v&i dd tré khac nhau, nang luvong tir vu nd duwoc
giai phéng tirng phan, lam cho dinh séng chan
dong tdng hop gidm di dang ké&. Diéu nay giup
dam bao an toan cho cac cong trinh dé dap va
nha & gan do.

3.2.2. Céng trinh hé chira nwéc Cira Dat
(Thanh Héa)

Duwdi day 1a mot s6 phan tich va tinh toan cu

thé khi 4p dung né min vi sai dinh hwéng tai
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cong trinh hé chira nwéc Clra Pat. Cac thong sb
nay la vi du minh hoa dwa trén nguyén ly ky
thuat, sb liéu tham khao.

a. Muc tiéu va diéu kién thi cong

Viéc ap dung né min vi sai dinh hwéng tai
c6ng trinh hd chra nwéc Clra Pat (Thanh Hoa)
nham dat dwoc cac muc tiéu cu thé sau:

Pha v& khdi da cirng tai tuyén dap chinh va
kénh dan. Tao sw pha hdy cé kiém soat dbi voi
da gbc co cwdng dd cao, bdo dam kich thuwéc
da sau nd phu hop cho céng tac xic bbc va van
chuyén, han ché tbi da da qua cé.

Tao mét bang va nén méng dat yéu cau thiét
ké cong trinh: Hinh thanh méat dao béng phang,
bién dao r6 rang, gidm hién twong pha hoai
vuot bién, bdo dam chat lwgng nén moéng phuc
vu thi cong than dap va cac hang muc lién quan.

Kiém soat huéng phat trién khe nt va pham
vi pha hoai: Diéu khién hwéng nd vé phia mét
thoang, han ché lan truyén séng nd vao khéi da
con lai, qua do6 duy tri tinh dn dinh 1au dai cla
nén maéng céng trinh.

Gidm rung chan, da vang va tac dong xau
dén cong trinh 1an can: Phan tan nang lvong nd
theo thoi gian thdng qua kip vi sai, bdo dam
rung déng nam trong gi¢i han cho phép, dap
(rng y&u cau an toan trong khu vuc thi cong.

Nang cao hiéu qua kinh t& va tién do thi
coéng: Gidm lwong thudc nd tiéu hao trén mot
don vj thé tich da, gidm chi phi khoan — xtc —
van chuyén, dbng thoi rat ngén thoi gian thi
cong so v&i phwong phap nd min théng thudng.

Yéu cau an toan: Vi tri thi céng gan khu vuc
dan cw va cac cong trinh phu tro, do d6 yéu cau
khéng ché chan dong & mirc rat thap, dac biét 1a
van téc dao dong nén dat (PPV - Peak Particle
Velocity). Gi¢i han cho phép thwong dudi 5
cm/s.

b. Tinh toan cac thong sb nd min co ban

Viéc tinh toan dwoc thwe hién dwa trén cac
cong thirc kinh nghiém va dac diém dia chét tai
cbng truong.

Puong kinh 16 khoan (d): Lwa chon 16 khoan
c6 duwdong kinh trung binh, d = 102 mm [1].

Chi tiéu thuéc nd (q): Dwa vao chi tiéu thudc
nd quy dinh va hé sb kién cb cua da.

q=A.fB(Trong d6 A, B 1a hé sb thuc
nghiém). V&i da phién, c6 thé lay A=0.3,
B=0.35.

q = 0,3.12%3% = 0.72 kg/ms.

Pudng can (W): Véi khoan nd tang trong da
clrng, duwdng can thuwong lay theo:

W = (25+35).d; m

Chon gia tri trung binh an toan:

W=30.d = 30x0,102 = 3,0m

Khoang cach 16 min (a): Khodng céach gitra
cac 16 min trong cung mot hang.

a = Ka. W; m (Hé sb Ka thwong tir 1.0 dén
1.5 chon Ka=1,2);

a=123=36m

Chiéu cao tang coéng tac H(m): DPbi voi da
crng, khoan 16 dirng:

H=(0,7+099W=0,8.3=2,4m

Chiéu sau khoan thém( khoan phu):

Lp =(0,2+0,3).W = 0,25.3 = 0,75 m

Chiéu dai 16 khoan:

Lk=H+Lp=24+0,75=3,15m

Khéi lwgng thube nd cho 116 khoan:

Q=9V=qg.aWH

=0,72.3,6.3.2,4 = 18,6 kg

Bang tong hop cac théng s6 mang no

Théng sé Gia tri
Puwong kinh 16 khoan d 102 mm
Puwong can W 3,0m
Khoang cach 16 a 3,6m
Chiéu cao tang H 24m
Khoan thém Lp 0,75 m
Chiéu dai 16 L 3,15m
Thé tich da /16 25,9 m3
Thubc nb /16 18,6 kg

Nhan xét: Cac théng sb trén phu hop diéu
kién dia chat — quy mé cong trinh Ctra Dat
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Bdo dam: Pha da hiéu qua, kiém soat rung
chan, han ché pha hoai vwgt bién nén mong.

C6 thé diéu chinh W va q tuy tirng khu vuc
(dap chinh, vai dap, kénh dan).

c. Thiét ké va tinh toan mang né vi sai

Day la phan quan trong nhat dé dat duoc
muc tiéu an toan.

St dung kip vi sai: Thay vi kip tic thoi, st
dung kip vi sai phi dién hoac kip vi sai dién t&r co
do tré thoi gian cwe ngan (milligiay).

Thiét ké trinh tw nd:

- L6 d4u tién (hang 1) né.

- Sau mét khoang thoi gian vi sai, 16 thir hai
(hang 2) nd, tao mét tw do cho 16 thiy ba.

Céng thire tinh thoi gian vi sai (A,)[8]:

A= = .k; (k- hé sb an toan)
Vp

Vé&i da phién cirng, téc d6 lan truyén séng
(vp) c6 thé lén t&i 5000 m/s.

0,254

= 5000

(twong dwong 0,0762ms)

1,5 = 0,0000762 gidy

Do thdi gian nay qua nhd so voi do tré cla
kip vi sai thwong mai (thwdng tir 25ms, 42ms),
nén thuc té sé chon do tré Ion hon, thweng 13 ti
25 ms tré 1én d& ddm bao cac 16 min nd tach
biét hoan toan.

d. Khdéng ché chan dong va da vang

PPV (Peak Particle Velocity): Van téc dao
dong nén dat la chi s6 quan trong dé danh gia
murc d6 chan dong.

Dé kiém soat PPV, can tinh toan khéi lwong
thudc nd ddng thei (Qqr) cho phép.

Qut = % ; kg (Trong d6 Qm la tbng khi
lwong thube nd, n la sb kip vi sai).
N vi sai giup gidam Qat xubng rat nhiéu, tr d6
giam PPV.
* Khéng ché da vang:
Nguyén nhédn gay da vang: Puwdng can nhd
ho&c khéng déng déu; nap thudc khéng hop ly;
bua 16 min khéng dat yéu ciu; huéng nd khéng
dworc kiém soat.

Bién phap ky thuat han ché dé vang: Bdo dam
dwong can hop ly; Pwong can duoc thiét ké
ddng déu, khong nhd hon gia tri tinh toan, tranh
thoat khi nd dot ngoét; Bua 16 min dung ky thuat
S dung vat liéu bau (phoi khoan, cat &m) vo&i
chiéu dai bua hop ly: B6 tri 16 min va thir tw vi
sai sao cho khdi da chuyén dong vé phia mat
thoang, khoéng hwéng vé phia cong trinh can
bao vé; Che chén bai né tai cac vi tri nhay cam,
st dung lwdi thép, bao cat hodc tAm cao su che
ph bai nd dé gidm nguy co da vang xa.

Tai cong trinh hd chra nwéc Clra Pat, viéc
ap dung nd min vi sai dinh huwéng da gép phan
quan trong vao viéc dam bao tién do thi coéng
ma van tuan tht nghiém ngat cac yéu cau vé an
toan. Ky thuat nay khéng chi gidp tbi wu hoa
hiéu qua pha v& da clrng, ma con la giadi phap
ky thuat bat budc dé kiém soat chin dong va
bdo vé méi trwdng, mang lai hiéu qua kinh té va
xa hdi cao.

4. KET LUAN

Nghién ctru ly thuyét va thue tién thi cong tai
cong trinh hd chra nwéc Clra Pat da khang
dinh tinh wu viét ca phwong phap né min vang
xa dinh hwéng két hop véi ki thuat vi sai. Cac
két qua chinh dat dwoc bao gébm:

Vé mat ky thuat: Viéc ap dung linh hoat céng
thirc Pocropvski két hop véi diéu chinh thoi gian
vi sai hop ly (trén 25ms) cho phép dinh hwéng
chinh xac khéi lwong dat da vang vao vij tri thiét
ké, ddng thoi gidm thiéu dang ké chan déng nén
(PPV), ddm bao an toan cho cac cong trinh dan
sinh va dé dap lan can.

V& maét kinh té: Phwong phap nay gitp giam
thiéu khdi lwong cong tac xdc bbc va van tai co
gioi, dac biét hiéu qua & cac dia hinh dbc dirng,
hiém tré noi may mac kho tiép can.

Huwéng phét trién: Trong twong lai, d& nang
cao hiéu qua, can két hop cac phan mém mod
phéng vu né hién dai d& dy bao chinh xac hon
ban kinh vang xa va viing anh hwéng, tir d6 t6i wu
héa hé chiéu nd min ngay tir giai doan thiét ké.
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ABSTRACT:

This paper presents the theoretical basis and practical application of directional cast blasting in
hydraulic and transport infrastructure construction within complex terrains. Based on the
hydrodynamic theory of explosion and Pokrovsky's empirical formulas, the study analyzes key
technical parameters such as the blasting action index (n), burden (W), and explosive charge
calculations. Specifically, the research delves into non-electric differential blasting techniques to
control peak particle velocity (PPV) and rock throw direction. Practical application results at the Cua
Dat Reservoir (Thanh Hoa) demonstrate that this method ensures absolute safety for adjacent
structures while optimizing costs and accelerating construction progress on high-hardness bedrock
(f=10-14).

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL.03, Ne 04, 2025


mailto:nguyenvanducmct@qui.edu.vn
mailto:vudinhtrong@qui.edu.vn
mailto:nguyenvanducmtc@qui.edu.vn

TAP CHi KHOA HQC VA CONG NGHE QUI, TAP 03, SO 04, 2025 KHOA HOC TRAI PAT VA MO
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