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THIET LAP MO HINH PE XAC PINH CONG THUC TiNH
LUQNG NO PA NANG TRONG MOI TRUONG PAT PA

LE VAN TRUNG, PAM TRONG THANG, TRAN HONG MINH
Bo Tw Iénh Cong binh

Tom tat: Cac cong thite tinh heong thuéc né ving truyén théng sie dung chi ké dén anh
huong cua logi ddt dd, chiéu sdu dat lrong thudc va chi s tac dung no. Chua cé cong thic
tinh lwong né dai vang dat da phu thugc vao chiéu dai lirong noé. Trong thyec tién na, khi
chiéu dai hrong thuoc né tang thi ban kinh phé huy ciing tang theo, chiéu dai lwong né tang
dat dén mét gia tri nhdr dinh thi ban kinh ving pha huy dat gia tri bdo hoa. Piéu nay lam
khé khan trong trwong hop thiét ké ngoai thwc té. Nhiéu nha khoa hoc trén thé gici da
nghién citu vdn dé nay, tuy nhién van chia dén dwoce dich cudi cing phuc vu tryc tiép vao
cong tac tinh toan thiét ké. Sau nhiéu nam nghién cizu ké thira va phat trién céc bai toan cua
cac nha khoa hoc di trueée, dién hinh cua vién si Nga O.E Viaxop, nhém nghién cieu ding
dau la tién si Lé Van Trung da xdy dung bai toan NG trong méi truong ddt da c6 xét den tinh
chiu nén, véi liwong thUOc noé tong quat ¢ dang elip. Nghién cizu qua trinh phat trién cua
s6ng né Ciia lwong né dai bién doi tir dang tru, dén elip va cuai cuing chuyén thanh song Cau
khi xa tam né. Tinh chju nén cia dat da, sw phat trién hinh dang cia séng né chinh 1a mau
chot diém méi trong qué trinh nghién citu va dan dén thanh cong. Két qud nghién citu diea
ra cong thaec Iy thuyét tong qudt d@é tinh leong thuac né ving véi chiéu dai khac nhau.

1. Dat van dé , ,

Hi¢n nay trén the gidi cd hai h¢ thong cong
thir tinh lugng thuoe nd véng trong mdi truong
dat da la: o ‘

- Doi véi lugng thuoe nod tap trung (chicu
dai canh I6n nhat khong vuot qua 4 lan canh
nho nhat):

Q=K,.f(n).n* kG, (1)

- D6i véi luong thude nd dai dat nam ngang
song song vai mat dat:

Q, =K,.f(n,)h?, kG/m )

trong do: K,, K,
dé tao phéu nd tiéu chuan tuong tng cua luong
no tap trung va luong nod dai, kG/m?3; h - chiéu
sau chon thude, m; f(n), f(n,)- ham chi so
tac dung nd twong ung cua luong thudc né tap
trung va luong nd dai. Gia tri ham sb f(n),
f(n,)twong ng véi chi s6 n, n,hop ly
thudng duoc sir dung trong thuc t& nam trong
pham vi tir 1 &én 3; n, n, - chi s tac dung nd

- chi tiéu thuéc né don vi

ctia lwong nd tap trung va luong no dai.
Qua phan tich, chung toi thay hai dang cong
thirc trén ton tai nhitng van dé sau:
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+ Xét cho cung lugng thudc nd tap trung
chang qua chi 1a lugng nd dai trong trudng hop
dic biét, chiéu dai luong nd bang duong kinh.
Vay tai sao khdng c6 mot cong thuc dang téng
quat dai dién cho ching? No6i mot cach khac
cau noi gitra hai dang cong thuc (1) va (2) la gi?
Chiéc cau ndi nay phai chang 1a chd khiém
khuyét ma ly thuyét nd ban tung trong dat da
chua dé cap toi;

+ Qua két qua thir nghiém ¢ mot s6 nudc
trén thé gisi cling nhu két qua thir nghiém cua
ching toi cho thay mac du thoéa mén cac quy
wéc vé dang lugng no tap trung hay dai, nhung
nhiéu khi ap dung cong thae (1) va (2) déu cho
ra két qua kha xa véi thuc té.

Nhiing ton tai néu trén chinh 1a diéu ma céc
nha nghién ciu no trén thé gisi (chu yéu & Nga)
clng nhu chung t61 quan tam dén, tir do dat ra
cach giai quyet Duéi day chung t6i s€ trinh bay
cach giai quyét cia ho va cua chung toi dé
ching ta cung nhau tham khao.

2. Xay dung m6 hinh va giai bai toan

De xay dung md hinh toan ly cho vi¢c giai
quyét van dé& dit ra chung toi dua ra cac diéu
Kién bién dudi day:



- Khéi thudc duoc kich né tuc thoi;

- Dat da 1a moi trudng lién tuc, ddng nhit,
dang huéng; |

- Qua trinh tac dong cua séng nod, phuong
trinh chuyén dong lién tuc caa moéi trudng tuan
thu dinh luat bao toan khéi lwong duéi dang vi
phan:

ap N opu N opv N opw
ot ox oy oz

trong d6: u, v, o - tdc do hat tuong tng Vi
cac truc x, y, z; p- mat do hat;

- Dudi tac dung caa noé ddi véi dat mém
ap dp op
ox' oy’ oz
da cirng mat do cao cd thé coi mat do 1a khong
do6i p = const.

- Khi nua chiéu dai luong nd (b) bang béan
kinh luong né (ro), céng thie lwong nd tap trung
(1.

Gia st trong moi trudng vo han ta cho nd
luong né hinh elip c6 kich thuéc 1 a, b, ¢ (thuc
té khi nd lwong né dai ciing c6 tac dung tuong
tu). Phuong trinh mat cong cua elip c6 thé biéu
thi bang cong thac dudi day:

2 2 2
L. A 4)
a? b? ¢

Bay gio chdng ta sé nghién ctru ho mat elip
cing tiéu diém voi (4) duoc biéu thi bing
phuong trinh sau:
2 2

=0, 3)

#0 ( mac du rat nho), con ddi voi

2

X y z
a’+1 b*+1 cP+A ©)
5 N y2 72
bat: F = + + -1=0, (6
: a®+A b*+1 c*+1 ©)
Sau khi vi phan ta co: F ﬁa—/l:o, (7)
OX 04 OX
oF
LOA__x
oA
Pao ham riéng cua F: =— oF _ 22X , 9)
X al+A
2 2 2
a_F:_ zx 2~ 2y 2= 2Z 7 (10)
oA @ +14)° (b°+1)° (c°+A1)

T (8), (9) va (10) ta co:
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- -1

2 2 2
or__2x X 4 ¥ |z , (11)
ox (a2 +/1) @+ 0P+ (P+A) ]
Tuong tu ta co:
a2y | ¥ 2 2 T
-~ zy Nz et zy 7t | (12
o (O +2) [@+4) 0 +4)° (+1) ]
M2 2 2 7P
%: 222 X zx 2t 2y 7t 2Z 7| - (13)
a (c+4) [@+4)° (°+4)° (C+4) ]
Binh phuong (8&) o {8/1) Sau do
OX ay 0z
cong chang lai va gian udc co:
oaY (aaY (aaY
= & + @ + 5 :4><
2 2 2 1 (14)
X X + y + :
@ +4)? (0 +2)°> (c*+A)°
Tim dao ham bac 2 cua (7) ta duoc:
2 2 2 2
P QI8 8 PR 2
X OXOA Ox  OA° \ X O OX
Tt phuong trinh (9) ta c6:
O°F 2
=—=_ 16
x> at+Aa (16)
2
Vi oF 2 , (17)
OXOA (aZ +/1)2
Tur (10) ta cé:
2 2 2
6!22 2X - 2y - 27° . (18)
OA (a2+l) (b2+l) (c +i)

Tu phuong trinh (11), (16), (17), (18), thay
vao (15). D6i v6i y va z ciing tién hanh tuong
tu. Cudi cung rit gon ta duoc:

/o ) { 1 1 1 }
_2"}'_2'|'_2=2 2 t3 T3 X
ox° oy° oz a‘+4 b°+4 c+4
2 2 2 7t '(19)
| =X + y + z
a’+1 b*+1 c+A
bit: p=1(1) (20)

Vi phan tryc tiép ta co: 99 _ f-(ﬂ)(a_’ij;
oX [0)4

90 _ ¢ 22 ) 22— ¢ 4.
- o) 2 rof2)

Tiép tuc vi phan bac hai nhan duoc:

Zo_ w[ ) w2



&0
oy*

%
0z°

2 a
9P _ta + (A
()(@J ()

(z)( j + 1S 4.
Cong chung lai ta co:

e 0%p 8g0
_+_ —_—
x> oy*  or?
f(ﬂ){

Tu (3) khi ta chi nghién ctu truc khéng
gian, khong nghién cau truc thoi gian, ta cé

=f(4)

) 62/1 az}
2

—+
oy: oz

24

(2]

+
, (21)

duoc:
p%+p%+p%+u%+va—p+a)g—’j=o1(22)
Vi: u_—a—(p;v _G_go; __8_(/)1 (23)
OX oy oz
Nén:
2 2 2
o P9 Py 1,00, 00, ,0)
ox® oy* o p\ ox oy 0z
Vi u_ 000k, GpdL.  opod
oA ox’ M@ oA oz
& _poi.op_pdd.dp_opok
OX OAOX; oy OAoy oz oAex

co:
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Nén sau khi thay cac gia tri nay vao (24) ta

0% N o’p o

8)(2

ayZ

24 %A %A
X +

__ 1

o2

(BEEEE]

Can bang (21) va (25) ta co:

w3 52

8X2

oA

ﬁp_

OX

+ 2
oy

jz{_

oA
oy

oz?

0

f/(ﬂ,)x

(25)

Ml

L2y
P oA

j+&_

, (26)

Truong hop p= const thi Z—’Z:O, vé phai

ctia phuong trinh (26) bang 0. Trong trudng hop
nay ching ta c6 phuong trinh Laplace thuan
tay:

’p 0p 0°

2. %0, %0
ox~ oy° oz
Tur (26) ta co:

B " (/1) oxt oyt o1 1 ap @7

f
7(2) (a2} (oa) (a2} poA’
(% (ay] *(azJ
Thay gié tri cua (19) va (14) vao (27) ta cé:
_f”(i) 1[ 1 1 1 }Lla_p

f'(2) 2la*+1 b*+1 ¢+ poa

—-a

Tich phan ham sé nay khi thay | dp

ta co:
f7(2) 1] da dA da
- f’(,i)_EUazm Ib2+fjc2+/1}+
+Id—p+InA
pr
Két qua ta dugc:
F(2)= A K, (28)

J(@+2)(b?+2)(c?+2)
trong d6: A - hang sd; « - s6 mii chi do nén cua
moi truong. Khi moéi treong khéng chiu nén
p = const thi 0=0 va tir d6 ta co K™ =1.
Bay gio ta xac dinh toc d6 cua hat theo tryc
X (Ux).

Viu=- 8(p8/1 ma A =x*—a? nén:
OA OX
U=- f (1) 2x. Thay vao (23) ta co:
U 2AXK ™ | (29)

\/(az +/1)+(b2 +/1)(c2 +/1)
Déi véi elip tron xoay
a=C, a°+A=c’+A=x*=r/. Sau khi thay
cac gia tri nay vao (29) va gian udc ta co:

u=2AK" (30)

Xa/b? + 1



Bay gio ta xac dinh hang s6 A (ddi véi hinh
cau ki hiéu 1a Ao va ddi véi hinh tru ky hiéu 1a
Ay). Cén ctr vao dinh luat bao toan nang lugng
ta co:

- Péi Véi lwong thuéc né hinh cau:

2

CoQo= " (47zr2dr)pouE ,

To

(31)

Vi 1a lwong nd hinh cau nén b?+ 4= x>
Thay gié tri nay vao (31), sau d6 dua gia tri u
vao (31) dé tich phan.

R 4A0K

CoQo= Iro (471%) p, ——

Sau khi tich phan va bo qua gia tri 1/R vi nd
qua nho. Két qua cudi cung ta duoc:

AO = &o_rg ,
8o, K™

- P6i Véi lwong thuoc né hinh try:
Khi b>> A4, twong ty nhu cach tinh & trén
ta co:

(32)

R u®
C,Q =], (27rdr) p, >
—2a

2
Thay u® =y2—b2véo va tich phan cudi
r

cung ta dugc:

Ao | C0
\/ 47p, In (Rj K2 ’ (33)
r0
Q{b— r,+ In(RH
A= h (34)

87p, In (Rj K2
r0

Khi b = ro (lugng thude n6 hinh cau) (34) lai
quay vé dang (32), con khi b>>-ro +In(R/ro), (34)
lai quay veé dang (33) doi vai song hinh tru. Binh

phuong (30) va thay b? + A=(r? + b?— ro) ta co:

2 AAPK 2
r(r*+b° - 17)

4A2 K—Za
e
Sau khi giai phuong trinh nay ta duoc:

hay: r+r?(b*—17) =0.
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(o) (o) SR

2

Thay q=p, u? (g - mat d6 nang luong) va

(34) vao cong thire trén va khai can ta co:

r=J[roz_bz}J[roz_b2j2+Q[b‘ro(“Bﬂ .(3)
2 2 47qBK 2

trong do: B=InR/ro .

- Péi véi lwong thusc né dai nam ngang
vang xa: Trong truong hop nay ta dua ham
anh huong cua mat thoang Ki.y(n) vao. Do
anh huong cua mat thoang, ban kinh r. c6

dang sau day:
&3
L I+
2

[roz _sz_'_ Q ™
+ 2 47qBK **
\ x[b—r,(1-B)]

Thay b=pro vao (36), sau d6 riit gon 1’ ra ta co:

, (36)

.= Kl‘/’(ny)

2 P
2
2

-4,
J’_
45

. (37)

YoM %

20BK
><(,u—1+ B)

Hinh 1. Mat cat ngang ho né ciia luwong
né dai nam ngang
Tir hinh 1 ¢6 r,=h*(1+n?). Trong do

Thay gia tri r> vao (37), sau d6 nhan ca hai
vé cua (37) V6i 7y, ta duoc:



« 1 . (38)

2
7be0/u B -1
2qBK72a ( +ﬂ )
Nhan ca tir va mau véi LQE’Z =A, (39
20BK 2*
Biéu thirc (38) s& c6 dang:
2e| 14n?
C, - 2CIBQ02K ' |h? x
Ks '//(ny)
« A , (38")
1-1° ’
— 12 N
=) )
2
+A1,u(B+,u—1)
2a KZ
Dit: Ky:—ZqBQOK s& co:q= 5 1(_220 , (40)
K2 27BK 2
Thay vao (38’) ta co:
c, =K, f(n,)n’ A
1- 1 ’
T

+A1,u(B-|—u—1)

Cong thic (41) chinh 1a céng thic nd da
nang can tim. Khi Cy, h ¢d dinh, p thay déi
(u=b/ro) ta sé& cé gia tri twong wng f(ny) va tir d6
c6 dugc chiéu rong hé ndé ddi véi loai moi
truong dat da xac dinh. Mau sb cua cong thic
(41) 1a mot ham sé dang f(x), pham vi sir
dung s€ duoc trinh bay trong [2].

Dé xac dinh dugc gia tri cu thé luong nd
cling nhu chiéu rong hé nd ching ta can lam
tiép cac viec dudi day:

Xac dinh ham sé chi sé tac dung no:

_14n?
T

Gia str y(n, ) co dang dudi day:
W(ny):(ainybl_"c)d’

(42)
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Thay (42) vao (41) va tim limp tién toi vo
cung. Luc d6 ta sé€ co:

C,=K,f(n,)h?, (43)

Pay 1a dang cong thic tinh lwong thude nd
dai quen thudc quay vé dang truyén théng (2).

Tu cong thuc (43), trong cung mot loai dat
da nhat dinh véi cling mot Chleu sau dat luong
thubc nd (h), ching toi tién hanh né thuc
nghiém céc lugng n6 C,, #C,, #C; =C,, trén
co s do co duoc:

1+n]

(anf + c)2d

Sau khi xfr Iy cac sb liéu chung toi co duoc
180 1

ax-o b Lc

d~=
T8l 2

Sau khl thay cac gia tri a, b, c, d vao (44)

chiing t6i ¢6 dugc cong thiac thyc nghiém dudi

day:
1+n?
— y
f (ny)_o,4f{1_0 " J ,
=y

— Xdc dinh hé s6 K1 va B:

Trude khi xac dinh hé s6 K1 va B ching toi
thiy can giam bét do phuc tap cua cong thic
ma van bao dam dwgc d6 chuan xac cao (sai sd
khong I6n), ching ta mot lan nita xem xét lai hé
s6 a (hé sb phu thudc vao dé nén caua mdi
truong dudi tac dung cua séng nd). Hé sé nay
rat nho d6i véi méi trudng khong khi, nén nd
cang nho hon d6i véi moi truong dat da (xin
tham khao phan phan tich khi né trong khong
khi s& sang to hon), vi thé ching ta c6 thé coi
nd bang 0. Trong truong hop nay cong thic
(39) va (40) s¢€ co dang dudi day:

=F ;(=1,234), (44)

(45)

YR
=1bb=d 46
A 20B (46)
K KQ
=Y 1% (kg/m?), 46°
q B (kg/m?) (46°)
- Xac dinh Ky :

Khi n6 trong méi truong dat da vo han, ban
kinh pha hoai ddi véi truc x,y 1a nhu nhau.
Nhung khi n6 ¢ gan mat thoang, khi séng né téi
diém N thi dat d4 bat dau chuyén dong tao ra
s6ng dan lam anh huong ti sy phat trién cua
viing phé hoai trén bé mit thoang. Trong trudng



hop nay gia tri OL khdng thé biang OL1= RL
duoc nira. Didu nay da dwoc cac chuyén gia nd
cua Trung Quéc xac dinh bang thuc nghiém [3].
Theo t&c gia [3], thi ban kinh vung ph& hoali
theo chiéu ngang bang 1,4 lan ban kinh theo
chiéu doc va tao ra elip nhu hinh v& 2. Phuong
trinh elip nay c6 dang:

2 2

Xy
—t5= 47
R2 r ( )
He s6 Kl_&:%
RO R

M1 M Y N L L

A

r

Hinh 2. Xac dinh hé s6 Ki »
Trong truong hop lugng nd tiéu chuan
(n=1) tur (47) ta co:

X2+ X =1,suyra: X= RZ
z = SUyTa X= 1+1,4°

* ()

1,4
Vi R, =X +x* =4/2(0,58R ) =0,822R,
hay: K: = 0,822,

— Xdc dinh gia tri B:
Cén béang (41) véi tri s6 C,

=0,58R,

(48)

= 71y, VA rat gon

7, sau d6 khai cin va lap phuong 1én ta c6:

3
r03=[ % jz f(ny)g h® x

TV bo
, (48%)
" A
1- 2 Y
)
2
+Al,u(B+,u 1)
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Khi p=1 c6 C, = zr}2by,,
(48°) nhan hai vé Vi 27y,
Thay (46”) vao (46) co:

3
K 2

277ty =Co =271 (_y] f ( )2 h? (ﬁj
70 b B

A = YerQ27B _
ZBKnyQO Kny
Thay gia tri nay vao (48’) ta co:
3

3 2
K, )2 4 3
C,=2 y |« f(n,)2h?, (49
0 ”Vbb(m/bb] [BKny} ( y) (49)
Pé théa man diéu kién bién nhu da néu trén
ta co:

=271y, Va tur

K

3 .
(ﬂVbb )4 (BKl )4
Sau khi thay Ky=0,92K, va giai ra ta dugc:

<nslw

Ko =2(7Z7/bb)

KO

Pong thoi ching ta ciing ¢6 cong thic cho
luong thuoc no tap trung:

3
2 2
C,=K,| 0,46 20 |['ne,
1-0,In

Két qua nghién ctu ly thuyét trén da duoc
tién hanh nghién ctu thar nghiém nd trén thyc té
vé sy thay doi chiéu dai lugng nd, da nhan duoc
do tin cay va tinh tong quat cia cong thuc da
nang dé xuat [2].

3. Két luan

Qua trinh hon 350 ndm ké tir khi cong thic
tinh lugng thudc no vang ra doi (do 1a cong
thirc tinh lwong nd tap trung cia Phap) va gan
mot thé ky, chinh xac hon 1a nam1937 (cong
thirc lugng n6 dai cia Nga), trén thé gisi van
chua c6 tac gia nao tim ra dugc cong thuc nd da
ning dé giai cho nhimg truong hop thuc té can
thiét gap phai. Mic du c6 su day cong nghién
ctru cua nhiéu nha khoa hoc, vi du nhu cach day
trén ntra thé ky vién si han 1am khoa hoc noi
tiéng cua Lién x6 O.E Vlaxop da dé cap toi bai
toan nay nhung chua toi duoc dich [1]. Gan day

(50)

(51)



nhét 1a cong thirc nd da ning cua Lién doan nd TAI LIEU THAM KHAO

Nga [2], nhung cong thirc nay méi chi dat t6i vé .
huéng chir chua cho ra vé luong. Tir ddy cho ta [1]. Bracos O.E. OcwoBbl Tepun aeiCTBHS
thiy ngoai do tin cay da néu o trén, vige dé xust  B3pwiBa. BUA, Mocksa, 1957. o
cong thirc nd da nang cd ca y nghia thuc tién va [2] Le Van Trqu. I%ao cao t€1ng ket de tf’“ CQE
khoa hoc. Cong thirc né da nang da duoc ap nha nudc ‘:No mo Iuoqg trgn nén da san ho”. Bo
dung vao thyc té nd Ion san di Cam Son vamg ~ Tw 1énh COng binh. Ha Noi, 1990. ,
ludng ngoai & dao D4 16n - Truong Sa mot cach [3_]. Ma Lai D!gu, Chu Trung Tiet. N6 16n. Bac
thanh cong. Kinh, 1970 (Tiéng Trung).

SUMMARY
Establish mode for defining calculating general charge in rock and soil

Le Van Trung, Dam Trong Thang, Tran Hong Minh
Engineering Command

Traditional formulas used for calculating the general explosive charge mass required to produce
a crater only show the impacts of rock and soil types, burial depths of explosive charges, and
explosion parameters. Meanwhile, there has not been a formula that is applied for calculating the
linear explosive charge mass required to produce a crater, and that takes into account the effects of
charge lengths. Field experience shows that destruction radius increases as a result of the increased
charge length and then standstills at a given charge length value. This fact makes field blasting
works challenging. It has drawn the attention of many world researchers; yet a final formula to be
applied in practical term remains to be seen. By streamlining and continuing previous studies,
notably those by Russian academician O.E Vlaxop, a group of researchers headed by Lé Van Trung
has studied blasting works conducted in soil and rock environments with reference to pressure using
a general oval-shaped charge mass. Based on the explosion waves produced by linear charges, this
group studies their change in shape from cylindrical to elliptical and finally orbicular as they move
away from explosion center. The discovery of the pressure absorption of soil and rock, the
evolution of explosion waves is the core features and successes of the group's success. The research
results produce a generalized theoretical formula that is used to develop linear charges for creating
craters.

82



