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Abstract. The use of explosive energy in underground construction and mining is widely
applied in the modern era. This paper investigates the effect of explosive burial depth on the
size of the splash destruction area of solid materials when explosive concentrations are
concentrated. The relationship between the effect of splashes and the depth of drug burial was
comprehensively clarified. From analysing theory of explosion in solid environment by
concentrated explosion and conduction of an explosion experiment on miniature model on a
solid material mixture of cement-sand mortar in 4,5x4,5x0,5m tank, the study has established
the empirical rule function on the dependence of the funnel radius on the depth of the drug
burial and the dependence on the visible depth of the funnel splashed to the depth of the
explosive. Also, the optimal depth of drug burial and an effective explosive solution in
practice were found.
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Tom tit. Viéc st dung nang luong no trong thi cong cong trinh ngam va khai thac mo dang
dugc ung dung rong réi va st dung hiu qua trong giai doan hi¢n nay. Bai bao nay nghién cuiru
anh huong cua chiéu sau chén thuoc nd dén kich thudc ving pha huy véng vat li¢u ran khi nd
luong no tap trung, lam ro mdi lién hé giita thc dung cia nd viang phu thudc vao chiéu sau
chén thuéc mot cach toan dién hon. Tir viéc nghién ciu phan tich ly thuyét no trong moi
truong ran bang luong no tap trung, két hop véi viéc tién hanh thi nghiém né trén mé hinh thu
nho vat liéu ran 12 hdn hop vira xi mang — cat dung trong 1 chiéc bé kich thuéc 4,5x4,5x0,5m,
bai bao da thiét 1ap duoc ham qui luat thuc nghiém Vé su phu thudc ban kinh phéu vang vao
chiéu sau chdn thude, su phu thuoc vé chleu sau trong thay phéu ving vao chiéu sau chon
thudc nd, tim ra duoc chiéu sau chon thude téi wu va khuyén cdo giai phap nd hiéu qua trong
thuc tién.

Tur khoa: Thudc nd, nd ving, chidu sdu chdn thude, lwong nd tap trung, mod hinh thu nho,
vung pha huy.

© 2021 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DPE

Hién nay c6 hai dang nd co ban rat phd bién 1a n6 om va nb vang [1], tuy nhién céc
nghién ctu mdi lién hé gitra tac dung nd cua hai dang nay, dac biét 1a nd vang voi chiéu sau
chén thude chua thuc s day du va toan dién. Cac mdi lién hé da dugc cong bd hién nay déu
¢6 pham vi (ng dung cu thé, tir nhitng suy luan va mai trudng tinh toan da don gian héa nhiéu
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thong sé dic tinh, thé nén quan hé gitra chiéu su chén thudc vai kich thudc ving pha hity con
la mot van dé can nghién cttu mot cach nghiém tlc va cap thiét. Vi thoi lwong nghién ctu cu
thé, tac gid tap trung nghién ctru dnh huong cua chiéu sau chén thuéc t6i kich thuéc hinh hoc
dang nd vang trong mai truong ran cta luong nd tap trung.

2. PHAN TiCH CO SO LY THUYET ANH HUONG CUA CHIEU SAU CHON THUOC
TOI KiCH THUOC HINH HQC DANG NO VANG TRONG MOI TRUONG RAN

Ly thuyét nd thuy dong luc hoc [1] cho rang: do téc d6 nd cuc I6n, nén kich nd dugc xem
nhu tc thoi va dudi tac dung cuc 16n cua tai trong nd, thi dat da duoc coi nhu mot chat long
1y twong khong chiu nén. Vi vay, ngay lap tic dat da nhan duoc truong phan bd ning luong
no tai moi diém trong maéi truong.

M6 hinh né6 mot lwong thude hinh ciu trong méi trudng dat d4 ban vo tan, luong thudc
dat gan mat thoang dé tao thanh phéu vang.

Theo Iy thuyét ndy mdi phan tir moi truong nhan dugc hai véc to toc do, mot thanh phan
do luong nd thyuc gay ra co tac dung day céc hat moi truong khoi luong no thuc theo phuong
ban kinh cua nd, mot thanh phan do lugng nd 40 gay ra va c6 tac dung hut vao tdm ao theo
phuong béan kinh (tai diém A xem hinh 1).

Hinh 1. So d6 tuong tac cta luong nd thuc va 4o trong mdi trudng béan vo tan.

Theo dinh luat bao toan niang lwong, toan bo ning luong nd chuyén hoa thanh dong

2
nang cua moi truong: QE, :ju?dm 1)

N N 2 2 2
Ty I ) I L) w
Taco: u=u,+u,vau,=u,| =|; u,=u,|=| =>u=2u,| = | —
R R R) R

Pé xac dinh dugc phéu ving chiing ta nghién ctiru diém A dat ¢ bién phéu, diém A bi
pha hoai khi tdc do tong hop tac dung I1&n n6 bang toc do toi han U, ,(u=u, ):

Tur phuong trinh (1) ta co:

9
_ 4 (uy P01} 3
=2 24 2
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Cong thire (1) duoc viét rat gon thanh: Q = Kf(n)w?  (kg) (3)
Trong do: n =—- - Chi s tc dung né
W
r - Ban kinh phéu n6 viang
w - Buong khang nho nhat

K - hé s tiéu hao thuéc nd trén mot don vi thé tich dat da (kg/m®)

4 u 2 3 3
K=Zmpy| | 24 =2'A=168A  (kg/m’) 4)
uO

Véi bé tong mac 100 thi gia tri cuia hé s6 A = 1,1 tac 1a K = 1,848 (kg/m?®)

- Mat do thude nd 12 po gim®)

- w 1a duong khang nho nhét.
9

. . . 241 )4
- ham f(n) 1a ham chi s6 tac dung no, theo ly thuyét duoc xac dinh: f(n) = (n 5 1] (5)

M&i quan hé giira chiéu sau trong thay (p) va ban kinh phéu vang (r) la:
p = kr = knw, (m) (6)

Trong d6: k 1a hé s6 phu thudc vao tinh chat ctia méi truong [1], v6i méi truong bé
tdng méac 100 thi chon k = 0,6.
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Hinh 2. Mdi lién h¢ giira chiéu sau tréng thay (p), ban kinh ph&u n6 (r) véi chiéu sau chdn thudc no
(w), voi lugng nd Q = 1,0(g)

Cong thuc (3) phan &nh sy phu thudc cua khdi lugng thude no (Q) vao chiéu sau chon
thuoc (w), chi so tac dung no (n), kich thudc phéu no (r) va chi tiéu thuoc no (K).

Phan tich sy phu thudc cua kich thudc phéu nd vang vao chiéu su chdn thude tuong tng
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(w), ta ¢ dinh lugng thubc nd (Q = const) thi ta nhan thdy rang: khi tang chiéu sau chon
thudc (w) thi kich thuéc phéu né (r, p) tang dén gia trj cuc dai, sau d6 néu tiép tuc ting chiéu
sau chdn thudc thi kich thudce phéu no giam dan (Hinh 2)

Bén kinh phéu né (r), chleu sau trong thiy (p) trong truong hop Iy thuyét duoc xac dinh
theo ham f(n) 14 ham chi sb tac dung nd theo Iy thuyét xac dinh & cong thuc (5) théng qua
bién ddi sau:

f(n) = ("zﬂj“: Q _ .-

9—1=L:>r=W 2( Q3jg—lzawz+bw+c
w Kw

2
Str dung phuong phap hdi quy phi tuyén ta xac dinh duoc phuong trinh thé hién méi lién
h¢ gitra (p,r) véi w trén hinh 2 nhu sau:
r=-0,0115w? + 1,3681w + 45,207 véi R2 = 0,9901
p = k.r =-0,0069w? + 0,8208w + 27,124 v&i Rz = 0,9901

Tuy nhién, ham f(n) trong cong thuc (3) la ham Iy thuyét c6 sai s6 nhiéu so vei thuc te
nén it duoc sir dung. Trong thyc té thi cong né thuong sir dung cac ham chi sb tac dung nd
duoc rat ra tir thuc nghiém. Mot sé ham f(n) duoc xac dinh, 1am rd tir thuc nghiém, thi
nghiém cu thé theo bang 2 va hinh 4 dudi day.

3. NGHIEN CUU THU'C NGHIEM TREN MO HINH THU NHO
3.1. Xay dwng mé hinh thi nghiém

A YERE
8% a

a. Bé thi nghiém c. Trueée khing
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b. Mdt bang, mdt cdt vi tri chdn thuéc né d. Sau khi ng
Hinh 3. Anh chup mé hinh thi nghiém.
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- Luong né thi nghiém: Q = 1,0g twong dwong TNT.

- Vat liéu ran 1a hdn hop vira xi mang cat ¢6 ti 1¢ cap phdi tuong duong M100 theo
TCVN 4314:2003 Vira xay dung — Yéu cau ky thuat (Co thi nghiém tai phong LAS tai Hoc
vién KTQS do kiém tra cuong d9) (xem hinh 3). Pugc dat trong 1 chiéc bé co6 kich thudc
4,5x4,5x0,5m.

- Pia diém thi nghiém: Tai thao truong cua Lit doan 229/Binh chung Cong binh.

- B& duoc bé tri nhiéu nhém chiéu sau chon thude no khac nhau, méi nhém chiéu sau
chdn thuoc duoc bo tri toi thieu 10 Iwgng nd cung loai cach nhau 350mm.
Theo [1, 2, 4] vira bé tong xi mdng M100 dugc xac dinh twong duong v6i loai dat da co
do cang f (trr 1,5 dén 6) hodc xet theo cap dat da M.M protodiaconov tur IV — VII twong tu
nhu loai dat da voi vo so, ¢6 cac thong so vat liéu cu thé nhu bang 1.

>

()

vot 3 s

20y £

Hinh 4b. Hinh anh két qua nd sau khi b tri lwong né theo ¢ 1 hang, Q = 1,0g
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Hinh 5. Btic mau thi nghiém, két qua xac dinh d6 bén nén, d6 bén khi bura cua vat liéu
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Bang 1. Két qua thi nghiém nén kiém tra &6 bén nén, d6 bén khi btra cia mau thi nghiém

Ung suat

A x ’ % Ung suét O Bién dang
TT | (gidtridinh) | S0 | BUERIL gk gigi SOV toi (gid tri | diém gioi
' dinh) dinh) . han pha NN A
(N) ) han chdy . dinh) (%) | han chay
(mm) (N/mm2) (NImm) hiy (%)
(N/mm?)

1 58.009,998 | 1,849 2,578 2,578 2,204 1,233 1,233

2 63.730,0 1,042 2,832 2,832 2,2 0,695 0,695

3 71.900,002 | 1,398 3,196 3,196 2,162 0,932 0,932

X Nin Nang
Bitn dang |\ 5 qun ‘ lwgn %ai lugng tai
tai thoi diém | G | Dorong | Bingang | . orS | thoidiém | Matdo vat
1T Lo X dan hoi thoi diém in
pha hity mau ) (mm) (mm) o gioi han | liéu (kg/m?3)
0 (N/mm2) pha hiiy N
(%) miu (Nm) chay dwoi
(Nm)
1 2,343 4211 150,0 150,0 128,343 | 78,659 | 2.103,704
2 1,483 347,418 150,0 150,0 94,561 27,985 | 2.044,444
3 1,805 388,813 150,0 150,0 113,891 2.074,074

3.2. Trinh ty, ndi dung phwong phap tién hanh va két qua thi nghiém

a) Trinh ty, noi dung phuong phap tién hanh thi nghiém:

+ Dung khoan xoay c6 duong kinh 10mm khoan tao 15 trén nén vira xi mang c6 chiéu sau
thay doi tur 10-100mm.

+ Sir dung lugng no (dusi dang 1a kip dién khong s6 co cuong do nd s6 8) c6 khodi luong
Q = lg tuong duong TNT, dudng kinh thén kip dién [1] la Smm, chicu dai than kip dién la
47mm, chén & cac d6 sau khac nhau (w = 10 -100mm), sir dung bua min bang dat sét (xem
hinh 3c hoac 4a).

+ Sau khi gay né ta tién hanh do kich thuéc phéu vang (r, p) bang thudc kep panme c6 do
léch +1 mm. Kich thuéc, hinh dang caa phédu nd c6 dang nhu & hinh 4b

b) Két qua duoc md ta & bang 2.

Bang 2. Bang s6 liéu tinh toan phdu nd vang theo thi nghiém cua tac gia

Nhom TN 1 2 3 4 5 | 6 | 7 | 8 | Ghichd
p (mm) 50 5 | 72 | 8 | 75 | 65 | 4 | 23
r (mm) 78 9 | 110 | 130 | 115 | 1200 | 68 | 36
k 064 | 066 | 065 | 065 | 065 | 065 | 065 | 0,64
w (mm) 10 20 | 30 | 40 | 50 | 60 [ 70 | 80
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n 780 | 450 | 367 | 325 | 230 | 167 | 097 | 045
Ly thuyét | 225444 | 20382 | 8551 | 51,83 | 13,17 | 4,18 | 0,94 | 0,32
— | Xalamakhin | 66393 | 8261 | 3905 | 2541 | 7.95 | 308 (n>=1)
£ | Phorolov | 23778 | 4606 | 2515 | 1766 | 658 | 281 | 09 | 055
= | Boreckov 770 | 318 (1<=n<=3)
Thinghiém | 54113 | 67,64 | 2004 | 846 | 433 | 251 | 158 | 1,06

3.3. Phan tich két qua thi nghiém

Tur két qua thu duoc, sir dung ly thuyét hoi quy phi tuyén ta dua ra dugc biéu d6 va ham
quy luét sy phu thugc cua tham so kich thuéc phéu nd ving va chiéu sdu chdn thubc theo hinh
2 va dang caa ham chi s6 tac dung no f(n) theo hinh 6 dudi day.

- Ham quy luat sy phy thugc ban kinh phéu vang (r) vao chiéu sau chdn thudc (w):
r=-5,3512w’ +42,815w +34,661; R* =0,9597 (7
- Ham quy luat su phy thudc chiéu sau tréng thay phéu (p) vao chiéu sau chdn thudc (w):
p =-3,5536W? + 28,47w + 21,625; R? =0,9637 )

- Ham chi s tac dung nd f(n) dugc xac dinh theo phuong phap hdi quy phi tuyén ciing 1a
ham c6 dang bac 2 caa (n):

f(n) = 16,417n - 65,517n + 48,019; véi R2 = 0,9936 9)
Trong d6: R 13 hé sb chinh x4c dudng cong.
700.0
600.0 Duwong hoi quy cia TN

500.0 fln)=16.41712- 65,5170+ 48.019
R*=0.9936

400.0
= 300.0
L=
200.0
100.0
0.0
-100.0 1o 15 20 25 30 35 40 45 50 55 60 65 70 75 80
' Chi s6 tic dung n6 ""n"
—o—Ly thuyét —O—-Xalamakhin —A—Phorolov
*-Boreckov Thi nghiém —Puong hoi quy cia TN
Hinh 6. Biéu d6 ham chi sé tac dung nd theo thuc nghiém.
Nhan xét:

- Tir két qua thi nghigm ta thiy ham hoi quy vé quy luat sy phu thugc cia thong so kich
thudc phéu nd vang nhu ban kinh phéu n6 va chiéu séu chén thuoc 1a ham bac 2 ¢6 dang
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dudng cong Parabol véi chidu sau chon thude.

- Vi phuong phap su dung mo hinh thu nho ca vé kich thudc hinh hoc, tinh chat do bén,
khéi luong thude no 1a co s& bude ddu mo ra mot phuong phap nghién cau mai khi nghién
ctru vé cong tac nd min, chi ra xu huéng mang tinh chat dinh tinh va lwong hoé dan bang cac
hé s thuc nghiém trong thuc té thuc hién cac nhiém vu du 4n c6 lién quan dén nd min.

- Bing phuong phap hdi quy phi tuyen c6 thé .don gian hoa cac ham s6 toan hoc phuc tap
trong qué trinh t6 chirc thuc nghiém vé cong tac nd min pha da néi chung.

- Céc két qua thi nghiém phu hop véi ly thuyét v& mat dinh tinh, c6 xu huéng thip hon so
vai gia tri ly thuyet da chi ra.

4. KET LUAN
Tur két qua nghién ctu ly thuyét va thuc nghiém cho phép rdt ra cac nhan xét sau:

- Thong sé viing pha hay (chiéu sau trong thdy p, ban kinh vang pha hay r) phu thuéc vao
chiéu sau chén thudc no (w). Véi dang ham bac 2 (parabol) nhu trén viée xac dinh gia tri t6i
uu wiy 13 gia tri ma tai d6 ham dat cuc tri (cuc dai). Khi d6 gia tri cac thong sb viing pha huy
duoc dat gia tri lon nhat vai mot lugng thube no ¢b dinh bat ky. Neu ta tlep tuc tang chiéu sau
chén thude thi kich thude ving pha hay giam dan vé 0. Néu ta van tiép tuc ting chiéu sau
chén thudc thi s& khong xuat hién phéu vang nira ma xuat hién hién twong né ngam hoac nd
om tuy thugc gia tri ciaa w la bao nhiéu.

- Can tang cuong sé lwong nd thuc nghiém va t6 chuac thyc nghiém, thi nghiém & quy mo
luong nd, khdi lwong thude nd 16n hon & nhidu méi trudng khac nhau dé dwa ra dugc qui luat
chinh x4c hon, hiéu qua hon trong cong tac nd va danh gia duoc cu thé cac méi truong phd
bién hon.

- Thi nghiém trén nhiéu loai vat liéu, méi truong khac nhau tuan theo quy hoach thuc
nghiém dé xac dinh quy luat anh huong cua caa chiéu sau chén thude dén kich thudc ving
phé& hily ma khong dan dén 14ang phi, ton kém chi phi thyc nghiém.

- Trong qué trinh thir nghiém no can xac dinh chiéu sau chon thudc ti uu hodc ving lan
can dé thu dugc két qua thir nghiém tét nhat, sé lidu thyc nghiém dap tmg duoc yéu cau quy
hoach thuc nghiém.
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