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Tém tét: Bai béo trinh bay két qua xéc dinh gia
tri 4p lwc cta soéng xung kich tac dung lén néc cua
cobng trinh bdng céch st dung phdn mém Ansys
Autodyn 3D, kiém chiing do tin cay cda két qué voi
céng thire thue nghiém cua M.A.Xadovski, tién hanh
khdo séat danh gia dnh huéng cia cac vu né déng
thoi tac dung 1én néc céng trinh va rut ra mét sé
nhan xét.

Tl khoéa: Séng xung kich, céng trinh, moi
trrong khéng khi, Lwdi Lagrange, Iwéi Eurle.

Abstract: The paper presents the results of
determining the pressure value of the shock waves
acting on the roof of the building using Ansys
Autodyn3D software, verifying the reliability of the
results with the experimental formula of
MAXadovski, progress Conduct a survey to assess
the impact of the explosions at the same time
acting on the roof of the building and draw some
comments.
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1. Dat van dé

Thuc té, cac cong trinh ndm trong khu vuc muc
tiéu sé khong chi chju tac dung cla tirng vu né don
I8 ma la chiu tac dung cla t6 hop nhiéu vu nd déng
thdi hodc lién tiép. Chinh vi thé viéc nghién ctru tai
trong séng nd tac dung I&n néc cla cong trinh dat
ndi co kich thwdc hiru han khi chiu tac dung cua cac
lwong nd ddng thoi & bai toan cé gia tri y nghia vé
mat khoa hoc.

2. Cac cong thirc thwe nghiém phuc vu tinh toan
gia tri ap lwc séng xung kich tac dung Ién néc
cong trinh

Ap lwc séng xung kich, nhw thwc nghiém do
dwoc co quy luat chung cé dang nhw hinh 1.
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Hinh 1. Biéu dé 4p luc séng xung kich [1], [2]

P, - 4p suét khi quyén & diéu kién tiéu chuan;

Pso - 4p lwc I&n nhét tai mot diém (pha nén);

AP, - siéu ap song xung kich tai mot diém (pha
nén);

P-¢ - 4p lwc I&n nhét tai mot diém (pha dan);

AP. - siéu &p séng xung kich tai mét diém (pha
dan);

ty - thoi diém bét dau nhan gia tri 4p lwc séng
xung kich;
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7" - thoi gian duy tri pha nén;

T - th&i gian duy tri pha dan.

Céng thirc thuc nghiém cta M.A. Xadovski dé
xac dinh gia tri ap lwc séng xung kich tai mot diém
trong khéng khi nhw sau [1], [2]:

2

3 3
AP, _los¥/c 430\2/C LH00C o),
R R R
R - khoadng cach tir tam nd dén vi tri diém dang
xét;

C - trong lwong thube né.
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So6ng xung kich lan truyén trén mat dat gap
cdng trinh trén mat dat sé twong tac vdi cong
trinh, thé hién trén hinh 2. Khi séng xung kich gap
cong trinh ndi, crng, bat dong sé xay ra qué trinh
phén xa va chay bao. Tai th&i diém khi séng xung
kich gap cong trinh sé c6é phan xa va ap lwc phan
xa (APy) tac dung Ién twong trwdce (hinh 2a). Sw
phan xa la do cac hat khéng khi chuy&n dong
trong soéng bj gitr lai trén mat chwéng ngai, déng

ndng cla cac hat chuyén thanh nang luong ap
Iwc. Tl cac bién cla chwdng ngai do cé sw chénh
léch vé ap suét cha s6ng phan xa va séng tdi sé
hinh thanh séng dan lam gidm &ap lwc séng phan
xa lén tuwong trwdc xudng ap lwc chay bao (APg).
DPéi v&i twong bén va néc, séng chi lwét qua,
khong xay ra hién twgng phan xa, do d6 ap lwc
tac dung lén tworng bén va néc béng ap lwc séng
téi (hinh 2b).
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a. Bat diu tuong tac; b. Séng xung kich chdy bao céng trinh;
¢. Cong trinh dwoc dim trong séng xung kich.
Hinh 2. Twong tac séng xung kich véi chwdéng ngai

Ap lyc tac dung 1én noc [1], [2]:
AP, = AP4 (kPa), 2

Nhan xét: D6i véi bai toan chiu tac dung cla té
hop nhiéu vu nd déng thdi, hién nay chwa cé cong
thirc thwe nghiém nao dé cap dén. Vi vay viéc s
dung phan mém chuyén dung dé tinh toan cac tham
sb séng xung kich do lwong nd ddng thdi cho phép
mé& ra thém moét hwéng nghién ctru (’ng dung maoi
trong van dé tinh toan cac bai toan lién quan dén
cbng trinh chiu tac dung cla tai trong do séng nd
gay ra.

3. Xac dinh gia tri ap lwc séng nd tac dung Ién
cdng trinh bang phan mém Ansys Autodyn 3D

- Céc gia thiét trong mo phdng téi trong nd

+ Tac nhan gay né tao ra séng nd cé dang séng
cau;

+ Khong xét dén tac dong clia manh vé& sinh ra do
tac nhan gay né di véi muc tiéu.
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- Lwra chon théng sé vt liéu, két cau, moi trrong

Tién hanh khao sat bai toan cé lwong nd dat trén
mat d4t cach coéng trinh 15m. Lwong nd: Cryr = 428
kg; Dat trén mé&t dat. Mdi trwong: Khong khi vo han.

- Lwa chon vét liéu

Vat liéu khong khi, thubc nd TNT duwoc lwa chon
trong thw vién ctia phan mém. Viéc lwa chon vat liéu
cling ddng thoi voi viec chon kiéu phwong trinh
trang thai st¢ dung cho loai vat liéu d6. Béi véi moi
trwong khong khi: st dung phwong trinh trang thai
cua khi ly twéng [3], [4], [5].

P=(y-1).p.e (5)
trong do: P - ap suét khi (Pa);

vy - hang sb khi ly twéng;

p - mat do khi (kg/m®);

e - ndi nang riéng ctia khi (J/kg’K).
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Bang 1. Cac hé sé ciia phuong trinh trang théi khi ly tuéng

Mat do khi (g/cm®) Hang sb khi ly twéng

Noi nang riéng cta khi

Nhiét 36 (°K) (I/kg’K)

0.001225 1.4

288.200012 717.599976

Déi v&i san phdm nd: st dung phwong trinh trang thai cia s&n phdm nd Jones-Wilkens-Lee (viét tat 1a
JWL) dé tinh céac gia tri ap lwc cla san pham né, day 1a phwong trinh ban thwe nghiém [3], [4], [5]:

p= 1- -2 RV 1 gl1- 2 |gRY +m—E (6)
RV R,V Vv

trong d6: cac hang s A, B, Ry, Ry, o dbi véi chét
nd TNT dwoc trinh bay trong (bang 2);

p - ap luc tao ra b&i khdi thubc nd (kPa); V=
1/po 1a thé tich riéng; po - mat doé cla khbi

thuéc nd TNT (po =1630 kg/m®); E - nang
lwong trén don vi thé tich (E = 6,0e6 KJ/m®);
Ap suét nd Pc; = 2,1e7 (kPa); Téc dd néd: v¢, =
6930 (m/s).

Bang 2. Cac hé sé cla phwong trinh trang thai JWL

Hé sb cla phwong trinh trang thai JWL
A (kPa) B (kPa) C (kPa) R1 R» ©
TNT 3,7377e8 3,7471e6 2,1e7 4,15 0,9 0,35

V@i kich thwéc cong trinh LxBxH = 5x5x5 (m),
cong trinh lam béng bé téng 35MPA chiéu day d =
0,6 m. Coi cong trinh 1a cirng va bat dong.

- Lwra chon mé hinh hinh hoc

+ Tién hanh giai bai toan theo mé hinh 3D;

+ M6 hinh dwgc dat toan b trong mbi tredng
khéng khi vé han. Khi d6 ta sé tinh dwoc cac gia tri
ap Iwc séng xung kich & khoang cach R so v&i tam
khdi thubc né TNT.

- Lwra chon dang Iw6i phén toe hitu han

Do bién dang clia cac phan t& trong bai toan 1a
twong ddi I6n nén ta chon Iwdi Lagrange — Euler
(ALE) cho bai toan. Muc dich clia lwéi ALE la phat

huy téi da wu diém cla ca hai loai Iwdi Lagrange va
lwdi Euler.
- D4t diéu kién dau, diéu kién bién

+ Diéu kién dau cla bai toan chinh 1a sy khoéng bi
anh hwéng ctia cac yéu td khac téi qua trinh kich nd
cing nhu nd hoan toan, xem thuéc né dwoc kich nd
tlr tam va toc do nd én dinh;

+ Didu kién bién la sy khéng phan xa, coi l&p
khong khi bao quanh la vé tan.
- Bét cac buwdrc thoi gian, chu ky gidi bai toan
- Giai bai toan: Trinh tw cac bwéc gidi bai toan néu
& hinh 3.

Khai bao thong s6 vatliéu (Mbi trirong, thubce né, két cc”;u)

«

Lwa chon dang lwoi PTHH: Lwoi Lagrange, lwoi Euler

«

Dit diéu ki¢n dau, PK bién: Ning liong ban dau, téc dp ...

"

Dt cdac bwde thoi gian, chu ky gidi baitedn

-

Gidi bai toan

"

Xiz Iy két qua

Hinh 3. Céac bwdc giai bai toan
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- Xtr ly két qud: Xudt cac két qua tinh toan can
thiét, tién hanh so sanh, rut ra két luan.

4. Vi du tinh toan

Bai toan nghién cru qué trinh lan truyén séng
xung kich khi né mét khéi thudc TNT hinh cau voi
duwong lwong thuéc nd (Cryr = 428kg) nd trén mat
dat tac dong lén cong trinh dat trong moi trwong
khéng khi vd han & khodng cach R =15m so v&i tam
cla day cong trinh. V&i kich thwdc cong trinh
LxBxH = 5x5x5 (m), cong trinh 1am bang bé tong
35MPA chiéu day d = 0,6 m. Vi tri xac dinh gia tri ap

lwc tai diém do 1 (diém gitra néc cong trinh).

Tién hanh khao sat tinh toan ap lwc séng nd cta
moét, hai va ba lwong nd, nd déng thdi tac dung lén
noc cbng trinh. Gia tri ap lwc séng xung kich tac
dung Ién néc cbng trinh tinh theo cbng thirc thuc
nghiém (1) tai diém do 1 phai cong v&i gia tri ap
suat khi quyén dé so sanh véi cac gia tri ap luc
séng xung kich do dugc & phan mém Ansys
Autodyn 3D. Ap suédt khi quyén & didu kién tiéu
chudn Ia Py, = 101,325 kPa. Cac két qua dwoc thé
hién trong bang 3.

Bang 3. Bang so sanh gia tri ap luc

. Gia tri ap lyc (kPa)
S6 lwong lwong nd Vi tri diém do Chénh léch (%)
Xadovxki Ansys
1 lwong nd R=15,81m 401,12 436,84 8,18%
2 lwong nd R=15,81m 905,25
3 lwong nd R=15,81m 1883,31

Bang 4. Bang so séanh gié tri &p luc SXK khi né déng thoi cac luong né

Ap luc tai didm do 1 (kPa)
Cong thirc Vi tri diém do - - -
1 lwgng nd (1) 2 lvgng no (2) 3 lwong no (3)
Ansys R=15,81m 436,84 905,25 1883,31

So sanh gia tri ap lwc 16n nhat theo sé lwong nd ctia Ansys Autodyn 3D

Piém do

(2) so vé&i (1) 1an (3) so v&i (1) 1an

R=15,81m

2,072 4,311

Nhan xét:

Cho dén nay, hau hét cac phwong phap tinh
toan céng sw chiu tac dung cta bom dan déu chi
tinh v&i mot vu nd, co vi tri cho trwdc. Dbi véi bom
dan thuc hién phwong thirc ban dién cé didu khién
thi méi loat bdn gébm nhiéu qua cé diém roi ngau
nhién trong mién ban, cé thé ndé ddng thoi hodc nd
lién tiép. V&i cac dac diém noi trén, tai trong séng
nd tac dung lén cong sv la loai tai trong phirc tap,
gdm nhiéu tai trong séng thanh phan, dén t& nhiéu
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hwéng, tac dung 1&én cong sw déng thoi hodc khong
déng thoi. Do do, tiéu chuén thiét ké cong sw chi
chiu tac dung ctia mét vu nd don khéng con phu
hop nira. Ngoai ra, do kich thwéc cong sw cé tinh
khéng gian rd rét, con vj tri nd cta bom, dan 1a bat
ky, nén cac thanh phan cla tai trong séng nd chiu
anh huwdng manh cta sw két hop gitra cac séng
xung kich do c&c vu né ddng thoi tac dung lén néc
cobng sw. Trén bang 4 thé hién rd gia tri ap luc séng
xung kich khi nd ddng th&i hai hodc ba vy né.
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a) N6 mot luong né

admodel

Cycle 28

Time 5.060E-001 ms
Units mm, mg, ms

Hinh 4. So' dé bé tri mét lvong nd tac dung 1én
cong trinh

b) N& déng thoi hai long né

admodel

Cycle 26

Time 4.164E-001 ms
Units mm, mg, ms

Hinh 6. So d6 bé tri hai lrong né déng thoi tac
dung Ién cbng trinh

c) Né déng thoi ba luong né

admodel

Cycle 25

Time 3.961E-001 ms
Units mm, mg, ms

Hinh 8. So' dé bé tri ba long nd déng thoi tac
dung Ién cbng trinh
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Hinh 5. Biéu dé gia trj 4p luc tai diém 1 khi né mét luong né

Gauge History ( Ident 0 - 2-luong-no-no-dong-thoi )
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Hinh 7. Biéu dé gia trj 4p luc tai diém 1 khi né hai lvong nd
doéng thoi

Gauge History ( Ident 0 - 3-luong-no-no-dong-thoi )
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Hinh 9. Biéu d6 gia trj &p luc tai diém 1 khi né ba long né
doéng thoi
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Qua c4c biéu dd hinh 5, hinh 7, hinh 9 14y dén
thoi diém t=30ms, ta thdy vé mat dinh tinh biéu dd
ap lyc séng xung kich hoan toan phu hgp véi quy
luat séng xung kich & pha nén cda hinh 1.

Khi céng sw chiu tac dung cla hai vu nd déng
thoi, cac lwong nd dwoc bd tri nhw trong hinh 6, ap
lwc séng nd tac dung 1&n ndc céng sy tang lén gap
2,072 lan so véi lwong né don.

Khi cdng sw chiu tac dung cuta ba vu nd déng
thoi, cac lwong nd dwoc bd tri nhw trong hinh 8, &p
lwc séng nd tac dung 1&n néc céng sy tang lén gap
4,311 1an so véi lwong nd don.

5. Két luan

Bai bao d3 tién hanh nghién ctvu s dung phan
mém Ansys Autodyn 3D xac dinh dwoc gia tri ap luc
séng xung kich khi né ddng thoi hai hodc ba vu nd
tac dung I&én néc coéng sw. B sung thém mot cong
cu hd tro cho viéc xac dinh gia tri ap lwec soéng nd
trong thwc hanh tinh todn céng trinh chju tac dung
nd cla bom dan, va cé thé gidi quyét cac bai toan
mo phéng nd ddng thoi hoac né lién tiép dé lam co
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s& dw bdo tinh toan lwva chon phwong an nd cho
phu hop trwéc khi tién hanh cac bai thi nghiém nd
tai hién tredng.

TAI LIEU THAM KHAO

1. Bang Van bich, Vi Pinh Loi (1995), Giao trinh céng

sw tap 1, Hoc vién Ky thuat Quan sw, Ha Noi.

2. Nguyén Tri T4, Bang Van Dich, Vi Dinh Loi (2008),
Giao trinh cong sw tap 1, Hoc vién Ky thuat Quan s,
Ha Noi.

3. AUTODYN help (2009), ANSYS WORKBENCH 14,5.

4. B, M, Dobratz; P, C, Crawford (1985), "LLNL
Handbook:
Explosives and Explosive Simulants", Ucrl-52997,
Retrieved 31 August 2018.

Explosives Properties of Chemical

5. bBaym @,A,, nOpnetko I, I, (2002),®un3mka B3pbIBKa
tom1, Mocksa.

Ngay nhén bai: 29/01/2021.
Ngay nhén bai stra: 09/3/2021.

Ngay nhén bai stra Ian cudi: 10/3/2021.

Tap chi KHCN Xa&y dung - s6 1/2021


https://ci.nii.ac.jp/naid/10012469501/
https://ci.nii.ac.jp/naid/10012469501/
https://ci.nii.ac.jp/naid/10012469501/

KET CAU - CONG NGHE XAY DUNG

Valuation of the blast wave pressure of the explosions at the same time, acting on the roof of the
building
TS.Ngo Ngoc Thuy*
* Military Technical Academy
email: ngongocthuyv2@gmail.com — 0982 308 023

TOM TAT:
Bai béo trinh bay két qua xac dinh gia tri 4p luc cla séng xung kich téc dung lén néc ctua céng trinh bang
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