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Dé thiét ké duoc cdc dang cong trinh hay chudng ngai vat chéng dugc
tdc dung cta tdi nd, cling nhw dé tinh todn kiém tra diéu kién an toan
ctia cdc doi trong dwdi nwéc voi song no lan truyen trong moi tru'ong
nudc, can phdi nam ré qui ludt cia cdc thanh phan song no xudt hién va
tdc dung [én bé mdt chu'ong ngal Séng nd lan truyen trong nwéc hay
con goi la séng téi hodc song so cdp khi gdp bé mdt chwdng ngai sé xudt
hién hién twong nhiéu xa séng, sw nhiéu xa nay lam hinh thanh mét séng
méi goi la séng nhiéu xa. Quy ludt phat trién song nhzeu xa phu thudc
hinh dang chudéng ngai, dé bén viing va tinh chdt cé dinh ctia chwéng
ngai. Théng sé ddc trung cho cworng dd séng néd gom dp sudt va thoi gian
ton tai ctia dp sudt, dwoc phdn dnh qua qui ludt bién doi dp sudt theo
tho'lglan Sw twong tdc ctia séng nd Ién cero'ng ngai dwéinwéc bao gom
tdc dung tong hop cua thanh phan dp sudt trong séng tdiva trong song
nhiéu xa. Trén co s& nghzen cttu phadn tich ly thuyet nhiéu xa song cua B.
V. Zamyshlyaev bai bdo st dung perong phap s6 dé khdo sdt qui ludt
tdc dung ctia song no ' phang lan truyen trong moi tru'ong nwaoc tdc dung
lén chwdng ngai dang elipxoit tron xoay bdt déng va citeng tuyét doi.

© 2016 Trwong DPai hoc M6 - Dia chit. T4t ca cac quyén dwoc bao dam.

1. bat vin dé

tai trong dic biét, c6 cwong do va toc do dién
ra rat nhanh, cac tic dong cua séng no 1én doi

Nghién ctiru vé né déi véi cac nha khoa hoc
trén thé giGi ndi chung va Viét Nam noéi riéng
ludn 1a van dé khoa hoc phirc tap do do khé
dwoec tich lily tir nhiéu nganh khoa hoc tw
nhién khac. Cac nghién ctru né dudi nwéc gan
day vé co ban da giai quyét duwoc kha nhiéu
vin dé quan trong trén co s& phéan tich ly
thuyét va két hgp véi mot sé thir nghiém thwc
té. Tuy nhién, do séng n6 dwgc coila mot dang

*Tdc gid lién hé.
E-mail: thangdam2162002@yahoo.com

twong thwong 1a pha hay hodc giy bién dang
16n nén cac bai toan phan nhiéu la phi tuyén
va kho giai. Mot s6 bai toan n6 néu khong cé
cac gia thiét di kém thi hiu nhw khong thé giai
dwoc (B. V. Zamyshlyaev, et al., 1973). Bai
toan tac dung ctia séong no lén chwdéng ngai
trong méi treong xung quanh luén la van dé
gy can tr& cho tinh toan, thiét ké lién quan
dén nd. Tac dung ctia sé6ng nd dwdi nwdc 1én
chwéng ngai c6 hinh dang nhit dinh nam
trong khu vyc tac dong ctia n6 trwdre day cling
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da dwoc nhic dén trong cic md hinh toan
hoc... Tuy nhién, cac bai toan d6 gian nhw
khong thé gidi néu khong c6 cac diéu kién di
kém. Vé&i sw phat trién cia may tinh trong
nhitng ndm vira qua, dic biét1a cAic phdn mém
tinh toan da giup cho cac bai toan phtrc tap
trwdrc day da c6 1oi giai hop ly, nang cao dwoc
hiéu qua tinh toan, thiét ké nd. Tai trong nd
duéi nwéc tham chi cling da dwgc mé phong
trén may tinh qua cac phdn mém chuyén dung
(T6 Ptrc Tho va Trinh Trung Tién, 2014) .

Thé ky 21 la thé Ky ca thé gi¢i hudng téi
khai thac tiém nang cua bién, nwéc ta lai la
mot ban ddo véi 3200km bor bién, vi vay viéc
st dung nang lwong né dwdi nwéce chinh phuc
long bién phuc vu cadc muc dich nhw xy dung
cac cong trinh bién hay khai thac khodng san
dwéi day dai dwong... ludén la mot xu hwéng tit
yéu. D€ c6 cac gidi phap ddm bao an toan cho
cac cong trinh hay trang thiét bi dwéi nwéc
dwéi tic dung cla song nd, thi can phai nghién
ctru, khdo sat va xac dinh ap suit tong hop
trong séng nd bao gobm thanh phan séng tdi,
s6ng phan xa va séng nhiéu xa. Chinh vi cac ly
do trén, ma viéc xac dinh ap sudt trong soéng
nd trong méi treong nwdc tic dung 1én cac
dang chwéng ngai khac nhau, trong dé c6 dang
elipxoit tron xoay la mot hwéng cé tinh cip
thiét, c6 y nghia khoa hoc va thuc tién.

2. Co s& ly thuyét ap lwc song no dwéi
nwodc lén chwdng ngai

2.1. Tdc dung séng né dwéi nwéc Ién
chwdng ngai c6 hinh dang bdt ky

Khéo sat séng né phang lan truyén trong
chat 16ng va tac dung v&i chwdng ngai c6 hinh
dang bat ky nhw Hinh 1.56ng phang lan truyén
theo phwong z, ap lwc va toc do hat chat 16ng
trong song téi cho truwéc dwdi dang, (B. V.
Zamyshlyaev, et al., 1973) :

pst(z,t):Pm.f[t—ij.ao(t_ij
% a,
P (t_i]_a{t_i]
a0 a, 3, )|

(1)

Vst(zvt) =
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trong dd: ao - tdc do song truyén trong moi
treong nwéce (chat 16ng);

P, - mat dé moi tredng nwéde (chat 16ng);

Pm - ap suit trén mat séng xung Kich;

YA
o, (t —gj - ham séng don vi dwoc mob ta

nhw Hinh 2.
Tai trong tic dung lén toan b viat thé
khi séng bi nhiéu xa sé& 14 t6ng cta hai thanh

phan:
F(t)=Fa(t)+F(t) (2)

trong do: F, ( ) tai trong séng td1i;

( ) tai trong gay ra do nhiéu xa.

Cac ham trén dwgc xac dinh theo cac cong
thirc sau:

F,(1)=- ﬂ ,I)cosn:a‘&-—P ﬂ f{!—a—}cosn:ds @)

0
S11a mot phan bé mat vat thé nam trong viing
Z < aot.

ﬂﬁPm X, 9,20 cosn_dS‘ pﬂffﬁ‘;—f.com?dS 4

P - ap lwc ctia thanh phan séng nhiéu xa;
@ - thé toc d6, thoa méan phwong trinh séng (B.
V. Zamyshlyaev, et al,, 1973) .
o’p ¢ 0 1 0°
it v a O
o oy o  alat
Cac diéu kién bién:
- Trén bé mat vat thé, t6c d6 hat chat
long theo phwong phap tuyén véi bé mat vat
thé bang 0.

-~

‘51_4‘9 +v, cosnz=0 (6)
on
Hay:
op P z z -
- __A_f(r_—J o [1——}6‘05!’!—
on a0, a, ’ a, )

- Phat xa séng & v6 cung (xa vat thé):
-0 khi:

r=yx’+y>+2> > o (8)
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Z

=

Hinh 1. Séng né dwéi nwéc (1) tdc dung
v&i chwéng ngai c6 hinh dang bédt ky (2)

2.2. Tdc dung ctia séng né Ién vit thé dang
hinh elip tron xoay

Gia thiét séng lan truyén theo phwong
truc dai cla vat thé, vat thé clirng va bat dong
trong méi treong nwéc, chiéu sdu chuwdng
ngai va nén day khong anh hwéng dén sw phan
bd 4p suit1én chwdéng ngai.

T&r phwong trinh cac thanh phan ap luc
tac dung Ién chwéng ngai bat ky, 4p dung cho

4 oa(t)

Hinh 2. Tdi trong don vi

chudng ngai ta cé ap luc tac dung 1én elip tron
xoay (B. V. Zamyshlyaev, et al., 1973) .
- Thanh phan do séng téi:
F (t_)— ra’ (2t -17) khit <2
! 0 khit >2

, — adt \ 1z L . R
trong do t =F°,bla ban truc lém cua elip tron

xoay theo huéng truyén song.

Hinh 3. S6ng né dwéi nwéc tdc dung véi chwéng ngai hinh elip tron xoay

- Thanh phan do nhiéu xa:

A%—A2+B+C+D khit <t

an(t):E —_A2+_A3+C—E khit <t <2 (10)
AN A CECM Khi2<T<2+4E
0 khit >2+1

Trang 91



Dam Trong Thdng va nnk/Tap chi Khoa hoc Ky thudt M6 - Dia chdt 55 (89-96)

Trong dd, d6i véi ellip tron xoay (11)

Néu ky hiéu Fs(t) 1a dic trung thiy dong
c6 duoc tir 10 gidi bai toan nhiéu xa déi véi
song don vi oo(t) thi d6i védi song tdi tuy y Pr(t)
dac treng thay dong trén (bay gio ky hiéu la
F(t)) sé duoc xac dinh theo tich phan Duamen

céng thirc Simpson). Piéu nay cé nghia la khi
biét dwoc quy ludt ham séng tic dung lén
chuwdng ngai, ta sé xac dinh dwoc phan bo ap
lwc 1én né (B. V. Zamyshlyaev, et al. 1973)
(12)

3. Thir nghiém sé tinh ap lwc séng né 1én

chwong

3.1. Bai todn
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E:%:f k2—14 kzg,ﬂ:i
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t
F(t)=[F,(t-7)dP (7) (12)
0

Khdo sat bai toan véi séng téi don vi va séng
tédi c6 quy luat tam giac thu dwoc twr thi
nghiém thuc hién trong méi tredng nwée bién
& Truong Sa (Pé tai cap nha nwéc KC-09.06,
2013), (Vi Pinh Lei va nnk, 2014) .

ngai c6 dang hinh elip tron xoay
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()= Pruc=) (Pa)
S6 liéu dau vao la:
- Téc d6 truyén séng trong méi trudong thi
nghiém ao = 1535 m/s thu dwoc tw cac thi
nghiém (Pé tai cap nha nwéc KC-09.06,2013);
- Khoang thoi gian khao sat ¢t = 0,003 s;
- S6 diém thoi gian khao sat: n = 31;
- S6ng t¢i dang tam giac c6 pmax = 1506 Kpa, t
=0,0001s;

- Ban truc nho elip tron xoay a = 1,128 m;
- Ban truc 1én elip tron xoay b = 2m.

3.2. Két qud

Str dung phin mém VBA, thiét 1p chwong
trinh tinh cho ba phwong trinh (2), (9), (10)
v&i cac co s¢ dit liéu nhw trén, ta thu dwoc cac
két qua thé hién trong cac Hinh 4, Hinh 5, Hinh
6 va Bang 1, Bang 2, Bang 3.

as Ap suat song don vi len chuong ngai elip tron xoay
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Hinh 4. D6 thi phdn bé dp sudt doi vai séng don vi 1én chwdéng ngai elip tron xoay

Ap suat tac dung len chuong ngai elip tron xoay
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Hinh 5. D6 thi phdn bé dp sudt doi vai song quy ludt tam gidc 1én chwdng ngai elip tron xoay

Bdng 1. Két quad khdo sdt d6i vai song toi

Bdng 2. Két quad khdo sdt d6i vai séng téi quy

don vi ludt tam gidc
t(s) | Pst(KPa) | Pnx(KPa) | P (KPa) t(s) Pst (KPa) | Pnx (KPa) P (KPa)
0 0 0 0 0 0 0 0
0,0001| 0,590 -1,385 -0,795 0,0001 | 888,60 -2086,56 | -1197,96
0,0002| 1,133 -0,941 0,192 0,0002 | 1706,28 | -1417,28 289,00
0,0003| 1,629 -0,578 1,051 0,0003 | 2453,04 -870,70 1582,34
0,0004| 2,078 -0,289 1,788 0,0004 | 3128,87 -435,52 2693,35
0,0005| 2,479 -0,069 2,410 0,0005 | 3733,79 -104,14 3629,65
0,0006| 2,834 0,086 2,920 0,0006 | 4267,78 129,18 4396,96
0,0007| 3,141 0,179 3,320 0,0007 | 4730,85 269,17 5000,02
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0,0008 3,402 0,213 3,614 0,0008 | 5123,00 320,12 5443,11
0,0009 3,615 0,202 3,817 0,0009 | 5444,23 303,64 5747,87
0,0010 3,781 0,192 3,973 0,0010 | 5694,53 289,25 5983,78
0,0011 3,900 0,178 4,079 0,0011 | 5873,91 268,43 6142,34
0,0012 3,972 0,152 4,125 0,0012 | 5982,38 229,40 6211,78
0,0013 3,997 0,109 4,107 0,0013 | 6019,92 164,80 6184,72
0,0014 3,975 0,047 4,022 0,0014 | 5986,53 70,53 6057,06
0,0015 3,906 -0,036 3,869 0,0015 | 5882,23 -54,81 5827,43
0,0016 3,790 -0,140 3,650 0,0016 | 5707,01 -210,13 5496,87
0,0017 3,626 -0,260 3,366 0,0017 | 5460,86 -392,04 5068,82
0,0018 3,416 -0,395 3,021 0,0018 | 5143,79 -594,64 4549,15
0,0019 3,158 -0,537 2,620 0,0019 | 4755,80 -809,39 3946,41
0,0020 3 -0,680 2,173 0,0020 | 4296,89 -1024,57 3272,32
0,0021 3 -0,813 1,688 0,0021 | 3767,05 -1224,61 2542,45
0,0022 2 -0,922 1,180 0,0022 | 3166,30 -1388,85 1777,45
0,0023 2 -0,989 0,667 0,0023 | 2494,62 -1489,49 1005,13
0,0024 1 -0,988 0,175 0,0024 | 1752,02 -1487,95 264,07
0,0025 1 -0,881 -0,258 0,0025 938,50 -1327,52 -389,02
0,0026 0 -0,609 -0,573 0,0026 54,06 -916,93 -862,88
0,0027 0 1,122 1,122 0,0027 0 1690,12 1690,12
0,0028 0 0,901 0,901 0,0028 0 1356,27 1356,27
0,0029 0 0,690 0,690 0,0029 0 1039,74 1039,74
0,0030 0 0 0 0,0030 0 747,03 747,03
0,0031 0 0,323 0,323 0,0031 0 486,24 486,24
0,0032 0 0,178 0,178 0,0032 0 267,48 267,48
0,0033 0 0,069 0,069 0,0033 0 103,68 103,68
0,0034 0 0,008 0,008 0,0034 0 11,88 11,88
0,0035 0 0 0 0,0035 0 0 0
0,0040 0 0 0 0,0040 0 0 0
Bdng 3. Phdn bé dp lwc theo vi tri truyén séng Ién elip tron xoay
P (KPa) 0 -299,69(72,298(395,85|673,79|908,02(1099,98|1250,85|1361,69|1437,93
aot/b 0 0,0768 (0,1535(0,2303| 0,307 |0,3838| 0,4605 {0,53725| 0,614 |0,69075
P (KPa) (1496,95|1536,6 | 1554 |1547,2|1515,3|1457,8|1375,14{1268,06(1138,05|987,268
aot/b |0,7675 |0,8443| 0,921 {0,9978(1,0745|1,1513| 1,228 |1,30475| 1,3815 |1,45825
P (KPa) (818,631| 636,04 |444,66|251,45(66,063|-97,32 |-215,86 (422,814|339,295|260,109
aot/b 1,535 [1,6118|1,6885(1,7653| 1,842 [1,9188]| 1,9955 |2,07225| 2,149 |2,22575
P (KPa) [186,883| 121,64 |66,915|25,938| 2,971 0 0 0 0
aot/b | 2,3025 |2,3793 | 2,456 |2,5328|2,6095(2,6863| 2,763 |(2,83975 3,07
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Phan bo ap luc theo huong doc truc dai

Hinh 6. Phdn bé dp luc 1én bé mdt chwéng ngai hinh elip tron xoay

T Bang 1, Bang 2 va Hinh 4, Hinh 5, ta
thay rang biéu d6 4p suit téng hop bang tong
clia 4p suit séng nhiéu xa va séng t&i. Khi séng
téi vira qua khéi chwdng ngai elip tron xoay
thi né sé bang khong. Lic nay, 4p suit Ién
chwéng ngai chi 1a &nh hudng clia séng nhiéu
xa, ¢6 nghia 1a p suit téng chinh bang ap suit
nhiéu xa. Piéu nay hoan toan dung trong thuc
tién va cac tinh to4n theo chwong trinh. Tir két
qua tinh to4n bang thir nghiém s0, ta cling xac
dinh dwoc sy phin b6 ap luc theo vi tri truyén
séng cua song xung kich déi v&i chwdéng ngai
elip tron xoay.

V&i s6 liéu tinh toan & trén, khi séng
truyén dwoc khodng 0,0012 gidy, twong rng
voi vi tri 1,842 m tinh tr khi mat séng tac
dung thi ap lwc dat gia tri cwc dai (vi tri gin
dén mat phang toa do (xOy)). Diéu nay co
dwoc la do két hop tac dong cung chiéu tir
séng téi va nhiéu xa. Qua vi tri nay, ap luc
giam dan va qua khoi vat thé ap lwc bi triét
tiéu. Piéu nay hoan toan phu hop véi thuc
tién va cac két qua tinh toan.

4. Két luin

Giai bai toan tac dung cua séng né dwdi
nuwoc voi chwdéng ngai c6 dang hinh elip tron
xoay giup cho viéc xac dinh ban chit co hoc
cda tac dung va do 16m cia cac hop lwc séng no
lén chwdng ngai dang nay dwoc ro rang hon.
Cac nha thiét ké vé né hodc xay dung cong
trinh c6 thé cdn c vao bai todn cu thé dé xac
dinh diéu kién pha hiy cho bai toan no, diéu
kién an toan cho cac cong trinh xay dwng. Hon
nita, cin c* vao nghién cru nay c6 thé giam

thi€u dwoc viéc phai tién hanh thi nghiém né
thuc té dé xac dinh kha nang tic dung gitra
lwgng no va két cau, giup tiét kiém dwoc chi
phi va ddm bdo an toan vé ngudi va phwong
tién khi thwc hién no thuec té.

Ngoai ra, véi mot van dé nghién ctru vé no
viéc két hop cac yéu t6: Nghién ctru ly thuyét,
nghién cru dwa trén cac phdn mém mo phong
chuyén dung va két hop n6 thi nghiém trong
diéu kién cho phép thi van dé nghién cru né
dé dwoc gidi quyét day da, tron ven, chinh xac
va va phan dnh dwoc cic ton tai trong vin dé
nghién ctru do.
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ABSTRACT

Research on pressure of underwater explosion on ellipsoid-shaped
obstacles

Thang Trong Dam?, Loi Dinh Vu?, Tho Duc To!
Military Technical Academy, Vietnam

To design structures or constructions, resistant to explosive loads as well as ability to
calculate and check the safety conditions of underwater objects under underwater shock wave,
should be stated clearly rules and components of blast wave appearing and acting on the
surface obstacles. Blast waves, spreading in underwater and known as incidence waves or
primary waves, have an impact on the obstacles, which lead to appear wave diffraction
phenomenon and creating a new wave called wave diffraction. The law of development wave
diffraction depends on obstacle shape, sustainable, and immobile of obstacles. Characteristic
parameters of blast waves include: pressure and duration of the pressure are shown by the
rules change pressure by time. Pressures on obstacles include the incident wave and the wave
diffraction components. Based on analysis theory of wave diffraction of B. V. Zamyshlyaev, the
paper uses a numerical method to examine laws of the flat blast wave in underwater on an
absolutely rigid, immobile ellipsoid-shaped obstacle.
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