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Ung dung phan mém Abaqus tinh toan ap luc
tai mot diém tren mat dat chiu tac dung caa
song xung kich do hai vu né lién tiép

Abaqus software application calculate the pressure at one point on the soil surface effected
by shock waves due to two sequential explosions

>TS LE HAl DUONG
Vién Ky thuat Cong trinh dac biét

TGM TAT

Tinh k&t céu cong trinh chiu tac dung cia sdng xung kich do mat
vu nd géy ra khang con [a vén dé rieng cia linh vuc cong trink
quén su, ma nhiéu cang trinh cang cong da dé cap dén va yéu cu
phéi tinh toan. Tuy nhién, céc bai toan mai xét dén tac dung doc
lap cia song xung kich do mat vu nd gay ra. Thyc t& cho théy,
cong trinh ca thé tiép nhan tiép nhan cong nat lac hai hay nhiéu
ngudn sdng xung kich, hodc tigp nhan lign tiép trong mat khoang
thi gian rét ngan. Hign nay, chua ca nhigu nghign citu Iy thuyét vé
tac dung lign tiép song xung kich cia cac vu nd, nghién citu thyc
nghiém ciing rét it cong bd, cac cong thirc chuyén nganh hién ca
dé tinh toan két cdu chiu tac dung lign tiép cda nhidu sang xung
kich chua thé dép @ng céc lap bai toan khac nhau. Vai sy phat
trién cia khoa hoc cong nghg, nhigu phan mém chuyén nganh ca
the gidi quygt dugc mot sd bai toan phic tap nhu téc dung cia
nhiéu sdng xung kich. Trong da, phai ké dén phan mém Abaqus.

Tir khaa: Sang xung kich; tac dung lign tiép; phan mém abaqus.

ABSTRACT

Calculating the structure under the effects of a shock wave caused
by an explosion is no longer exclusively of the field of military works,
but many public works have mentioned and required calculations.
However, the problems only consider the independent effects of
shock waves caused by an explosion. Reality. the building can receive
and receive at the same time two or more shock wave sources, or
receive consecutively in a very short period of time. At present, there
are not many theoretical studies on the effects of shock waves in
succession of explosions, experimental studies are also very few
published, and specialized formulas are available to calculate
structures subjected to successive effects. of many shock waves
cannot satisfy different classes of problems. With the development of
science and technology. many specialized software can solve some
complex problems such as the effect of many shock waves. In which,
Abaqus software must be mentioned.

Keywords: Shock waves; successive effects; software abaqus.

1. GIGI THIEU

Song xung kich (Shock wave) 1a mét mat gian doan lan truyén
trong moi trudng khong khi ma khi di qua mat truyén séng cac
thong s6 khi dong, nhiét déng nhu mat do, ap suat, nhiét do, van
téc, ... bi gian doan vai cac budc nhay hitu han. Séng xung kich
dugc hinh thanh khi vat chat nd trong khéng khi, méi trudng khong
khi xung quanh kh&i thudc né lap tuc bi nén manh va lan truyén ra
xung quanh véi téc dé rat Idn, tao nén su nhay vot cac tham sé trang
thai khi nhu mat do, nhiét do, ap suat... Tham s6 quan trong nhat
khi nghién ctru vé song xung kich la siéu ap mat song (AP®), la co s&
dé xac dinh cac tham s6 khac, cling 1a nhan t8 dé xac dinh &p luc tac
dung 1én chudng ngai dat néi trén mat dat, hodc xac dinh ap luc
song nén tac dung lén cong trinh dat trong dat.

Muén xac dinh dugc tai trong do s6ng nén tac dung Ién céng
trinh dat trong dat, trudc hét phai xac dinh ap luc séng xung kich
tai diém trén mat dat phia trén cong trinh. D6i véi bai toan chi ¢
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mét vu né, c6 day di co s& ly thuyét dé xac dinh &p luc tai diém
trén mat dat, nén viéc tinh toan rat tudng minh, c6 thé giai quyét
bai toan bang phuong phap gidi tich mét cach don gian. Véi bai
todn cé tur hai vu né lién ti€p xay ra, viéc ing dung phan mém
chuyén dung vao tinh toan ap luc tai diém khao sat trén mat dat
nham giai quyét nhing bai toan phtc tap, dong thdi so sanh giira
nghién ctru bang phuong phap mé phéng sé vai ly thuyét tinh
toan hién co.

2. BAI TOAN NGHIEN CUU

Cdng trinh n3m sau trong dat, chiu tac dung cda hai vu né lién
ti€p trén mat dat. Séng xung kich tir hai vu né gay ra ap luc tai
diém M, hinh thanh séng nén lan truyén trong dat tac dung Ién két
cdu cong trinh duédi dang tai trong dong tac dung ngan han.
Nhiém vu dat ra la phai xac dinh ap luc séng xung kich tai diém M
trén mat dat khi hai khéi chat nd Ci va C; né lién tiép nhau.
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Hinh 1- Mg hinh bai todn

Mé hinh nghién ctu la hai lugng né Ci = C; = 100kg thudc né
TNT, dit cao hon mat dat 5,0m, tdm chan cach diém M mét khoang
10,0m. Bé mat dat duoc lu nén chat, c6 mé dun dan héi E = 4250
Mpa. Hai lugng né né cach nhau mét khoang thai gian theo bai
toan khao sat véi cac truong hop: hai séng xung kich giao nhau &
vung pha nén; hai séng xung kich giao nhau & vung pha dan; hai
séng xung kich khéng giao nhau.

2.1. Co'sé ly thuyét

Bang thuc nghiém gido su Xa-d6p-sky da xac dinh dugc tri s6
siéu ap mat séng xung kich khi né trong méi trudng khéng khi vo

3/
han & khoang cachR>0,8 c (11021

3 3=\2 3=)\3
AP¢:O,84§+2,7[\/EJ +7[\/Ej

R

R M

trong doé:

- APy la siéu ap mat song, kG/cm?;

- Cla trong luong cta khéi thuéc né, kg;

- R 1a khodng cach tu diém tinh toan dén tam nd, m.

Song xung kich lan truyén trong khu gan, gdp mat dat phan xa
lai (phdn xa chinh dién) hinh thanh séng méi goi la séng phan xa
(APg) [1][2]:
6AP¢

AP¢ +7,2
Song xung kich lan truyén trong khu xa, gap song phan xa tu
mat dat tao thanh song két hap, goi la séng bé mat (APem) [11[2]:
APy +1 R+H]
AP¢ +7,2 2R

AP, = 2AP¢ + Q)

A'Dbm ZAP¢ [1+7 (3)

Trong mét loat né, cac khéi né cling loai chat né, cung co ché
gay né nén coi cong sudt cia mdi khdi chat né 1a khong déi va
diéu khién né déu. Do d6, tinh chat va cac tham sé clia séng xung
kich do méi khé&i chat né sinh ra (khi xét né déc lap) la nhu nhau.
Tuy nhién, do anh huéng cua siéu 4p mac séng so cap APy lam
tang mat d6 moi trudng, gy anh hudng dén mat song tha cap APy
- Khi d6, siéu ap mat séng thir cap xac dinh theo céng thiic [4]:

APyiy = a(pi—1) APyii-) )

trong do, a(pi1) 1a ham s6 phan anh anh hudng muc tang mat
d6 moi trudng do song so cap (i-1) gay ra dén siéu d4p mat song thu
cap (i).

Cudng dd mat séng xung kich phu thuéc vao mat dé6 moi
trudng trudc mat song, ma mat dé méi trudng cao hay thap lai tly
thudc vao thdi diém xuat hién séng thi cap (i). Diéu d6 c6 nghia 13,

ap luc tai diém M khong nhing phu thudc vao quy luat bién thién
siéu ap sau mat song theo thai gian va dé ciing bé mat dat, ma con
phu thudc vao méi tuong quan gitta chu ky song (Z) va thoi gian
tén tai nhiéu déng nén clia séng (z+) theo biéu thuc (5).
- Z
Z=— (5)
=
Hay néi cach khac, cudng dé mat séng thit cap cling phu thudc
vao vi tri clia nd so vaGi mat séng so cdp trén biéu doé ap luc theo
thai gian (Hinh 2, 3, 4, 5).
APy

APg, \ APgy I\

£

Hinh 2 - Chu ky song I6n hon t8ng thai gian duy tri pha nén va pha dan

APy

APg APg;

Hinh 3 - Chu ky s6ng ndm ngoai thdi gian duy tri pha nén va trong pha dan
APy |

&PG 1 .&Pg )

T+ _\. T-1 J,
l 71 J, T2 J. T-2 |.

Hinh 4 - Chu ky s6ng ndm trong thoi gian duy tri pha nén

Pé xac dinh dugc gia tri siéu 4p mat song xung kich thu cap,
cac nha khoa hoc [4], da nghién ctu thi nghiém hién truong két
hop véi tinh toan, xay dung tap hop théng ké biéu hién su phu
thudc tai trong va hé s6 dong luc vao s6 vu né trong loat nd va ty
s6 gilta chu ky séng véi thai gian duy tri tdc dung nén clia moi
song. TU tap théng ké dd, xac dinh ham anh hudng muc dé ting
mat d6 moi trudng va siéu dp mat séng thi cap, tir d6 tinh ra gia tri

trung binh cla ham a(pi1) trong tiing khoadng (Za,zﬂ) nhat
dinh [4].
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Bdng 1: Gid tri trung binh cta ham a(p;.1)

(Za:2p) a(py) a(py) a(ps) a(ps)
0,05;0,15 1,510 1,078 1,056 1,034
015030 | 1,393 1,053 1,032 1,027
030,060 | 1,198 1,036 1,018 1,009
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Loat né c6 hai lugng né, cong thic (4) xac dinh dugc gia tri siéu
ap mat séng thu cap theo mat song so cap viét lai nhu sau [4]:

2.2. Gidi bai todn theo céng thiic ly thuyét

Siéu ap mat song xung kich xac dinh theo (1), séng bé mat xac
dinh theo (2), cac tham s6 cla séng xac dinh theo cong thiic thuc
nghiém ctia Xa-dép-sky, dugc phuong trinh siéu ap mat song tai
diém M do luong né thi nhat C; gay ra:

3
t
APy=1,311- —— | (kG/cm?) (7)
4 ( 0,011}
Py
AP, = 3,12|1 - —— | (kG/cm? 8
bm1 ( 0,01 1] ( ) (8)
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a) Biéu dé séng xung kich b) Biéu dé séng bé mdit
Hinh 5 - Biéu d6 ap luc séng xung kich, song bé mat tai diém M
Siéu 4p mat séng tai diém M do lugng nd thi hai C, gay ra xac
dinh theo (4) v6i chu ky gay né Z, = 0,002s (Chu ky séng nam trong
thai gian duy tri pha nén):

4
— _ t 2
APyn 5,07(1 0,01 J (kG/cm?) (9)

Hai trudng hgp con lai: chu ky séng nam ngoai thai gian duy tri
pha nén va trong pha dan; chu ky séng I6n han téng thai gian duy
tri pha nén va pha dan, siéu 4p mat séng xung kich thd cap do
lugng nd C2 gay ra so vdi siéu ap mat séng so cap do luong né C1
gay ra tang khong dang ké nén xem nhu khéng anh hudng bai
trudng siéu ap séng xung kich.

3
APbm1 = APbm1 = 3,12[1 - ﬁ] (kG/CmZ) (1 0)

’

Hinh 6 - M6 hinh thir nghiém s bang phan mém Abaqus
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2.3. Thirnghiém sé
Th nghiém sé bang phan mém Abaqus, mé hinh nén c6 E =
4250Mpa, kich thudc 30m x 30m x 10m, chia ludi 1,0m. Lugng né
RP-1 va RP-2 cung khéi lugng 100kg, dat trén khéng khi, cao hon
mat nén 5,0m, khodng cach dén diém khao sat 10,0m.
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Hinh 8 - Tac dung nd cGia hai lugng né lién ti€p

Chu ky né Z; thay ddi tuy theo diéu kién bai toan khao sat dé
danh gia muc dé anh hudng lan nhau cla cac séng xung kich khi
loat né lién ti€p cac lugng né. K&t qué khao sat nhan dugc biéu doé
séng xung kich tai diém M nhu sau:
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Hinh 10 - Ap luc s6ng xung kich khi nd lién tiép hai lugng né, chu ky nd Z: = 0,002s
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Hinh 11 - Ap lyc s6ng xung kich khi nd lién tiép hai lugng né, chu ky nd Z: = 0,03s
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Hinh 12 - Ap luc song xung kich khi nd lién tiép hai lugng nd, chu ky né Z; = 0,065

Bdng 2: Gidi tri I6n nhdt cta dp luc mdit séng tai diém M (kG/cm?)
tinh theo c6ng thuc ly thuyét va tha nghiém sé trén phdn mém
Abaqus

Mot o i
Phﬁgng luong nd Chu ky hai lugng né lién hoan
phap doclap | Z,=0,002s | Z1=0,03s | Z) =0,06s
Congthucly | 55 5,07 3,12 3,12
thuyét
Tha :%h'em 273 5,06 2,99 273
NHAN XET:

- K&t qua nghién cltu theo hai phuong phap la tuong
dong, phan anh dé tin cay cta phuong phap nghién cdu.
Nghién ctu trén mé hinh thir nghiém s6 cho két qua nho han,
thé hién tinh an toan cla nghién ctu ly thuyét va céng thuc
tinh xay dung tu két qua thuc nghiém hién truéng. Mat khac,
nghién ctu thir nghiém s6 thé hién mét cach day da qua trinh
duy tri ap luc mat séng theo thoi gian cing nhu anh hudng
cla ap luyc song sa cap dén ap luc song tha cap. Day la co s&
dé xay dung mé hinh tai trong ddng lam dau vao trong tinh
toan két cdu cong trinh dat sau trong dat chju tac dung cla
séng xung kich lan truyén trén mat dat do tac dung né lién
ti€p cla céac lugng né.

- Tac dung cla lugng nd thu cdp tang Ién dang ké khi
lugng né thu hai gay ra siéu 4p mat séng xung kich tha cdp
nam trong vung nén cla séng xung kich so cap, nhung gan
nhu khong gia tang khi mat song xung kich thd cap nam
trong vung dan hodc nam ngoai thdi gian tac dung cla séng
xung kich so cap.

3. KET LUAN

Cac két qua thu dugc khdng dinh tinh hop ly cta phuong
phap nghién ctdu thd nghiém sé trén mé hinh bang phan
mém Abaqus, phu hgp vai két qua nghién ctu bang thi
nghiém hién trudng dé xay dung céng thic tinh toan ly
thuyét do cac nha khoa hoc thuéc Khoa Céng trinh quan sy
(nay la Vién Ky thuat Cong trinh ddc biét) da thuc hién.

Khi tao loat né, chu ky gdy né cé vai trd quan trong quyét
dinh cudng dé tac dung ctia séng né. Trong d6, chu ky né tao
ra mat song xung kich th cdp trong vung tdc dung nén cda
s6ng so cap lam gia ting ap luc. Day la co s& dé tinh toan tai
trong tac dung lén céng trinh khi chiu tac dung lién tiép cua
cac lugng né cling nhu thiét k& chu ky gay né véi muc dich sur
dung khac nhau

Két qua thu dugc cung cdp thém mot cach ti€p can mdi,
mét hinh thic nghién citu mai cho van dé nghién ciru mdi la
tac dung né lién ti€p cua cac lugng né.
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