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Abstract. To minimize damage caused by explosive loads on reinforced concrete structures,
research on the impact of this load on reinforced concrete structures is extremely necessary.
From there, there are appropriate structural and material solutions. This paper presents the
results of research on numerical models simulating blast loads on reinforced concrete
structures using Abaqus software. Three numerical models to simulate explosive loads used
in Abaqus software are studied, including: Smoothed Particle Hydrodynamics (SPH),
equivalent explosive mass and combined Lagrangian - Eulerianian method. Numerical
simulation research results were performed on reinforced concrete slabs with dimensions of
1000x1000x60mm. The explosive load studied was TNT explosive placed 5cm from the open
surface of the reinforced concrete slab. Concrete is modeled as a brittle material and follows
the Johnson—Holmquist-11 (JH-2) model. The Elasto-plastic model is used to simulate the
reinforcement. The damage and destruction on the top and bottom surfaces and the
mechanical behavior of the slab under the blast load are analyzed and compared between
experiments and simulations to evaluate the effectiveness of usage models.
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Tom tit. Bé han ché t6i da thiét hai do tai trong nd 1én cac cong trinh bé téng cét thép, viéc
nghién ciru vé tac dong cua tai trong nay I1&n két cau bé tong cbt thép Ia hét stc can thiét, dé
tir d6 c6 cac giai phap vé mat két cau, giai phap vé vat liéu phd hop. Bai bao trinh bay két
qua nghién ctitu cac md hinh sé md phong tai trong nd 1én két ciu bé tdng cét thép sir dung
phan mém phan ti hiru han Abaqus. Ba md hinh sé mé phong tai trong né duogc sir dung
trong phan mém Abaqus duoc nghién ctu gdm: Phuong phap khong lugi (SPH), phuong
phép st dung khéi nd twong dwong va phuong phap két hop Lagrangian — Eulerianian. Két
qua nghién cau md phong sé va thuc nghiém dugc thuc hién trén tam bé tong cét thép co
kich thugc 1000x1000x60mm. Tai trong nd nghién cau 1a thuée nd TNT duoc dit cach mit
thoang cua tim bé téng cbt thép 5cm. Bé tong dugc md phong tuan theo mé hinh Johnson—
Holmaquist-11 (JH-2). M6 hinh dan déo duoc sir dung &é md phong cét thép. Sy hu hai va pha
hay & mat trén, mat dudi va tng xir co hoc cia cac mau thi nghiém dudi tac dong cua tai
trong nd duoc phan tich va so sanh giira thi nghiém va mé phong dé danh gia hiéu qua cua
cac mo hinh str dung.

Tir khoa: Bé tong cét thép, phan mém Abaqus, tai trong nd, md hinh sb, phuong phap phan
tor hiru han.

@ 2024 Truong Pai hoc Giao théng van tai

1. PAT VAN PE

Nhing ndm gan day, tinh hinh thé giéi c6 nhiéu bién dong, trong d6 chién tranh, céc hoat
dong khung bo dang dién ra cang ngay cang phtrc tap & cac nudc trén the gidi. Viéc st dung
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nhiéu loai tai trong né khac nhau da gay ra rat nhiéu thiét hai vé con nguoi cling nhu co s¢ vat
chét. Cé thé thay ring, trong chlen tranh hoic cac hoat dong khang b, céc cong trinh giao
thong huyét mach nhu cac cay cau, hoic cac cong trinh dan sy va quan sy s& tré thanh muc tiéu
danh phé cua do1 phuong. Trong cugc chién tranh gitra Nga va Ukraine, ngay 8/10/2022 Ukraine
da tan cong cau Crimea (cay cau huyét mach cua Nga ndi véi ban dao Crimea) bing mot xe tai
ché 21 tan thube nd twong dwong 42 tén lira Kinzhal. Vu danh bom xe khién cau Crimea hu hai
niang va 3 ngudi thiét mang. Ké tir vy danh bom nay, ciu Crimea ngay cang nhiéu lan tré thanh
muc tiéu tap kich cua quan ddi Ukraine, trong d6 c6 cac cudc tan cong bang may bay khéng
ngudi lai (UAV) va xudng tu sat chira thude nd [1]. O Viét Nam, mot vu nd ¢ nha may Nha
may Z121 thudc Tong cuc Cong nghiép Québc phong (Bd Quédc phong) dong trén dia ban xa
Khai Xuén va V& Lao, huyén Thanh Ba, Phu Tho da xay ra vao ngay 12/10/2013 da lam thiét
hai nang né vé ngudi va cac cong trinh xay dyng.

Dé han ché tbi da cac thiét hai do tai trong n6 gay ra Ién cac cong trinh dan sy va quan su,
viéc nghién ciru vé tac dong cua tai trong nay 1én cac cong trinh 1a hét sic can thiét, dé tir do
c6 cac giai phap vé két cau, giai phap vé vat lieu phi hop cho céc cong trinh nay tir IGc thiét ké
hodc dé gia cuong cac cong trinh ¢ thoi diém hién tai. Tai trong nd co thé duoc kich hoat khi
tiép xdc vai cong trinh hoic & mot khoang cach nhat dinh. Nghién ciru anh hudng cia trai trong
nd lén cong trinh ¢ thé duoc thuc hién theo hai cach: bang phuong phéap thir nghiém pha hay
va thir nghiém khdng phé& hiy. Phuong phap thir nghiém phé hay la thuc hién céac thi nghiém
nd truc tlep dé danh gia anh huong cua tai trong nd 1én cong trinh. Phuong phap nay rét phic
tap, c6 nhiéu han ché: (i) can su cho phép ciia co quan chirc niang khi thyc hién thi nghiém; (ii)
can hé thdng may méc va thiét bi do c6 do chinh xéac cao; (iii) mat nhiéu thoi gian va chi phi
cho cong tac thi nghiém va xu ly két qua, dac biét 1a khi thuc hién thi nghiém trén céc cong
trinh c6 quy md Ién. Bé han ché cac nhugc diém caa phuong phap pha huy, viéc nghién ctu
anh huong cua tai trong nd 1én cong trinh bang phuong phap khong pha huy ngay cang dugc
su dung pho bién. Cach tiép can cua phuong phap nay c6 thé dya trén két qua phan tich hodc
mo phong s6. Viéc thuc nghiém néu can chi thyc hién trén cac mau nho, tién hanh don gian,
chi phi thap.

bic tinh cua tai trong nd 1a cuong do cao va thoi gian dién ra nhanh. Sau khi khdi n6 dugc
kich no s& giai phdng mot ngudn ning luong 16n dudi dang cac séng no. Ap luc cua cac song
nd nay s€ tac dong truc tiép 1&n cong trinh gay ra su pha hoai cua vt liéu va két cau, tir d6 co
thé dan dén sy sup d6 hoan toan cong trinh [2]. Vi¢c sir dung phuong phap s6 dé mo phong lai
qua trinh lan truyen ctia song nd va anh huong cua né lén két cau cong trinh sé giup cac ky su
hiéu r& hon vé ban chat vat ly cua véan dé, tir d6 dua ra cac thiét ké phu hop. Mot trong nhitng
phuong phap s6 duoc st dung phd bién hién nay ¢é md phong tai trong n6 la phuong phap phan
tir hitu han (Finite Element Method — FEM). Cac md hinh tai trong no bang FEM da duoc dwa
vao cac phan mém thuong mai nhu LS-DYNA, AUTODYN, ABAQUS, ANSYS,...Trong do,
tai trong nd thuong quy vé thudc nd tiéu chuan TNT.

O Viét Nam, viéc nghién ctru img xir cua bé tong cot thép dudi tac dong cua tai trong no
duoc thyc hién trong vai nam tr¢ lai dy [[3], [4]]. Do nhiing han ché vé thiét bi may méc, nén
cong tac thuc nghiém tai trong nd & nudc ta con gap mot s6 kho khan. Do do, viéc hiéu va nim
sau vé ly thuyét md phong no s& gop phan giai quyét duoc cac bai toan thuc té mot cach dé
dang hon, d& ton kém chi phi.

Noi dung cua nghién ciu nay s¢ gidi thiéu vé ly thuyét cua cac phuong phap sd trong FEM
dé mo phong vé su lan truyén cua song no. Nghién ctru dugc thuc hién trén phan mém thuong
mai Abaqus CAE. Céc thi nghiém mé phong sé cho céc truong hop nay sé duoc thuc hién va
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so sanh vi két qua thi nghiém thyc té dé khang dinh tinh dung dén cua mo hinh sir dung. Bai
bao két thuc bang phan két luan va kién nghi.

2. LUA CHON PHUONG PHAP

Dé mo ta duoc chinh xac hon céc hién twong vat Iy xay ra trong qua trinh nghién ciu vé
tai trong no, phuong phap sb 1a mot lua chon t6i uu. Thong qua phuong phap s0, co ché lan
truyen song no, tac dong cua song nd 1én vat liéu, két cAu, tng xur cua két cau s& duoc mod ta va
thé hién rd rang. Phuong phap so st dung phd blen hién nay trén thé gioi dé nghién ctru Vé tai
trong no la FEM. Nghién ctu nay sé gidi thiéu vé FEM duoc sir dung trong phan mém Abaqus
dé md phong vé tai trong no.

2.1. Thuat toan sir dung

Trong FEM, dé phan tich bai toan dong, hai thuat toan dugc st dung pho bién Ia thuat toan
Implicit va Explicit [5]. TOy thudc vao bai toan thuc té ma lva chon thuat toan phu hop dé c6
thé mo phong lai dugc chinh xé&c nhét sy 1am viéc cua vat liéu. Thong thudng, véi cac bai toan
dong (tai trong 16n, thoi gian dign ra nhanh), viéc nghién ciu tng xur caa vat liéu trong mién
dan hoi (tuyén tinh) thi thuat toan Implicit phd hop dé sir dung. Nguoc lai, néu viéc tinh toan
g Xt co hoc cua vat lidu ngoai mién dan hoi, phi tuyén thi thuat toan Explicit lai dwoc wu tién
str dung [6]. V6i muc dich nghién ctu anh hudng cua tai trong nd téi su hu hai caa vat liéu, két
cau, thuat toan Explicit trong FEM s& duoc lra chon str dung (Abaqus/Explicit).

Trong phan mém Abaqus/Explicit, phuong trinh chuyén dong ciia phan ti tai cac budc
thoi gian dugc tinh nhu sau [7]:

q+1/2) = (-1/2) 4 Mﬁ(i) 1)
U = @ 4 ALy +1/2) )

Trong d6, 1 1a van téc cua phan tir, i 1a gia toc cua phan tu, chi sé i 1a s6 budc thoi gian.
Trang thai dong tinh toan tai buagc thoi gian thr i sé dugc xac dinh thdng qua céc gia tri da
biét cia 1~1/2 va ii® tir budce thoi gian trude do.

2.2. M hinh tai trong nd

Dé md phong tai trong no va sur lan truyén cua séng nd, ba mé hinh da dugc sir dung
trong phan mem Abaqus, gom: Phuong phéap khong ludi, phuong phap st dung khoi n6 tuong
duong va phuong phap két hop Lagrangian — Eulerianian.

Cac nghién cuu [4], [8], [9], [10] da st dung phuong phap khong ludi SPH (Smoothed
Particle Hydrodynamics) d& md phong su lan truyén cia song no 1én cac tim bé tong cét thép.

Trong phuong phap SPH, khol nd duoc chua thanh cac hat roi rac. Cac hat nay dugc dai
dién boi vi tri, khéi lwong, van toC luc, nang lugng, ap Suat MJi hat ciing can c6 kich thudc
dua nho de c6 thé coi cac tham s6 cua hat 1a nhu nhau. Khi no, cac hat roi rac s€ c6 cac van toc
ban dau rat 16n, khi cac hat nay va cham véi vat liéu bé tong cot thép s& gay ra tac dong co hoc
dan dén pha hoai. Truong hop nay thuong dung md phong cho céc truong hop nd tiép xuc. Tac
1a khdi nd nam truc tiép trén vat thé.

Véi cac truong hop khdi nd ¢ khoang cach nhit dinh so véi vat thé, song no s& lan truyén
thong qua moi truong xung quanh khoi no (khi, chat long,...). B md phong chinh xéc ap luc
cua séng no nay khi tai bé mat caa vat the, mot s6 moé hinh so trong phan tir hitu han co thé
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duoc sir dung dé mo phong lai méi trudng xung quanh khéi nd. Phuong phap kha phd bién mo
phong khéi nd trong truang hop nay 1a mé hinh tai trong no twong dwong CONWEP [11], [12],
[13]. Phuong phap nay su dung cong thuc thuc nghiém trong do tac dong nd chi phuy thudc vao
khoi luong thUOc nd va khoang cach dén bé mit tiép xtc cua két cau, hay con goi la phuong
phép khdi nd tuong duong. Phuong phap nay khong cdn mé hinh héa luong né va méi trudng
xung quanh, nén thoi gian tinh toan sé nhanh hon.

Tuy nhién, trong mot sé truong hop phic tap, can biéu thi su lan truyén caa séng nd théng
qua mdi trudng xung quanh mot cach chinh xac, phuong phap két hop Lagrangian - Eulerianian
(Coupled Eulerian-Lagrangian) duoc sir dung, trong d6 két hop dong thoi cua ca thuat toan
Lagrangian va thuat toan Eulerian [14], [15]. Phuong phap nay c6 vu diém la khac phuc duoc
nhirng han ché cua tung thuat toan, cho cho phép cac nha nghién cuu gidi quyét cac bai toan
bién dang I6n, phu hop véi bai toan tai trong no pha. V6i phuong phép nay, cac thanh phan nhu
luong nd, moi truong khdng khi va két cau déu duge mo hinh hoa day du va khic phuc nhiing
thiéu sot caa phuwong phap Lagrangian thuan tdy.

Céc vat liéu khong khi va thuéc nd TNT, ciing nhu tat ca cac chét long va khi n6i chung,
dugc mod hinh hoa bang cach sir dung cac phwong trinh trang thai (EOS), tirc 1a khdng khi sir
dung khi 1y tuéng (equations of stat- EOS). Thudc nd TNT da duoc dinh nghia bdi phuong
trinh trang thai Jones-Wilkins-Lee (JWL), mé hinh héa ap suit duoc tao ra khi giai phong ning
lugng hoéa hoc trong vu né [7].

Bem(2) 10 (wDrorr, 0

P=A(1-
Trong do:
P: Ap luc tao ra bai khéi thude né.
A, B, Ry, R,, w: céc hang sb lién quan tai vat lidu no.
po: Mat do cua thudc nd ¢ trang thai tinh thé truéc khi nd.
p: Mat d6 hién tai caa thudc no.

E,,,: Nang lugng ban dau bén trong cua thudc né.
3. KET QUA MO PHONG

Nghién ctiu s& tién hanh mé phong anh huong cua tai trong nd (TNT) 1én tam bé tong. cot
thép theo hai mé hinh: CONWEP va mo hinh két hop Lagrangian — Eulerianian. Két qua vé su
pha hoai cua tam bé tong cét thép dudi tac dung cua tai trong nd dugc nghién ciu va so sénh
gitta két qua thuc nghiém va md phong sé.

3.1. Vit liéu va miu b@ tong cot thép sir dung

Nghién ctu thuc nghiém va md phong dugc thuc hién trén tim bé tong cdt thép c6 kich
thugc 1000x1000x60mm (Hinh 1). Kich thuéc cua tim bé téng cdt thép duoc lya chon dya trén
c4c trén nguyén tic: (i) thuan tién cho cong tac thuc nghiém hién truong, (i) phan anh duoc
gan nhat tng xu thuc té cua két cau.
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Hinh 1. Kich thuéc miu bé tdng ct thép str dung.

Bé tong st dung trong nghién ctiu c6 cap phdi dugc thé hién trong Bang 1. Tinh chat co ly
cua bé tong dugc dugc thé hién trong Bang 2.

Bang 1. Cap phéi bé tong sir dung.

Méac bé téng Cat vang Xi ming PCB40 ba 1x2 Nuac
kg kg kg kg
M300 626 395 1210 183

Bang 2. Tinh chit co 1y cua bé tdng sir dung trong nghién cuu.

Méc bé tong Cuong d6 chiunén  Cuong d6 chiu kéo Modul dan hdi
MPa MPa GPa
M300 30 3 30

Cét thép sir dung loai thép tron tron CB300-T dudng kinh @6 véi cac ddc trung co 1y tuan
theo tiéu chuan TCVN 1651:2008.

3.2. Thubc nd sir dung

Thuéc no sir dung 1a TNT c6 dang hinh tru véi cdc thong s6 nhu sau: khoi lwgng 0,5kg,
duong kinh 50mm, chiéu cao 180mm. Khoi nd duoc treo cach mit trén cuia mau bé tong cot
thép mot khoang cach 50mm (Hinh 2).
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Thudc né TNT

5 e 53 Thép D6 @ 100
(a) Tai trong no TNT (b) M6 hinh thi nghiém trong Abaqus
Hinh 2. Tai trong nd thuc nghiém va mé hinh sé trong Abaqus.

3.3. Két qua md phéng nod

M2 hinh SPH thuong thich hop dé mO phong céc truong hop no trong do6 thude nd tiép xuc
vé6i két cau. Trong nghién ctu hay, khdi né duogc dit cach tim bé tong mot khoang cach 50mm,
nén hai md hinh CONWEP va két hop Lagrangian — Eulerianian duoc lya chon dé sir dung.
Qua trinh md phong dugc thuc hién trén phan mém Abaqus véi thuat toan Explicit.

Bé téng la loai vat liéu co tinh “gion” — cuong d6 chiu nén cao tuy nhién kha nang chiu kéo
lai thap hon nhiéu lan va c6 xu hudng tich lity pha hoai dudi tic dong cua nhiéu loai tai trong
dic biét 1a tai trong do lan truyén séng. Mo hinh md phong su pha hoai Johnson-Holmquist [16]
la mot trong nhitng md hinh rat phi hop d¢é mé phong su phé hoai caa bé tong dudi tac dung
ctia s6ng no. Trong nghién ctu nay, vat liéu bé tdng dugc md phong theo mé hinh Johnson—
Holmaquist-11 (JH-2) [16]. Theo md hinh nay, sy 1am viéc cua bé tong phu thuoc vao 3 yéu td
1a: cuong d6, su phé hoai va ap luc. Trong khi d6, mé hinh dan déo dugc st dung d¢é md phong
su 1am viéc cua cdt thép. Chi tiét cac théng s6 caa bé tong va cot thép sir dung dugc tham khao
tur ngién cau [17].

Dé& md phong tai trong nd bang md hinh CONWEP trong phan mém Abaqus, viéc khai béo
khéi lwong va khoang cach né s€ la bat bugc. Thong qua cac thong s6 nay, phan mém sé tu
dong tinh toan ap luc ciia song nd 1én bé mat cua tim bé tdng cét thép.

Céc thdng so cuia phuong trinh trang thai Jones-Wilkins-Lee (JWL) ciia thuoc no TNT theo
phuong phap két hop Lagrangian — Eulerianian duoc thé hién trong Bang 3.

Bang 3. Thong s6 TNT st dung véi mé hinh Lagrangian — Eulerianian [18].

Vit liéu Loai Tinh chat Giatri Don vi
Ty trong T“-”r“i% rllg"”g 1630 Kg/m?
A 373770000000 N/m?
B 3747100000 N/m?
TNT IWL ® 0,35 -
R, 4,15 -
R, 0,9 -
Em 0 N/m?
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Két qua so sanh sy pha hoai mat trén va mit dudi cua tim bé tong cét thép theo md hinh
s6 va thuc nghiém duogc thé hién trong Hinh 3. Vi tai trong nd TNT c6 khéi luong 0,5kg, dat
cach bé mat tim bé téng cét thép 50mm, s& gay ra pha hoai dudi dang 16 thung & trén bé mit
cua tam. Két qua thuc nghiém cho thay kich thudc 16 thang ¢ mat trén caa tim khoang 9cm
(Hinh 3(e)), kich thuéc 16 thung mat duai 1a 10cm (Hinh 3(f)).

() Pha hoai mat trén theo mé hinh CONWEP (b) Pha hoai mat dudi theo md hinh CONWEP

(c) Pha hoai mat trén theo m6 hinh Lagrangian - (d) Pha hoai mat duéi theo mé hinh Lagrangian
Eulerianian - Eulerianian

D=y

AT
LA
£
DAl

(e) Ph.é Hoéi mat trén theo thﬁc nghiém () Pha »h(‘)ai mat dudi theo thuc nghiém

Hinh 3. Két qua mé hinh s va thuc nghiém.
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V6i md hinh n6 CONWEP, két qua md phong cho thay tam bé téng cbt thép ciing bi pha
hoai va hinh thanh 15 thung nhu két qua thue nghiém. Kich thudc 16 thung ¢ mat trén caa tim
bé tong cét thép theo md hinh CONWEP 14 10,5cm (Hinh 3(a)) va cua mit dudi la 11cm (Hinh
3(b)). CO6 thé thay rang, két qua md phong thu dugc bang mé hinh nd6 CONWEP a kha sat voi
két qua thuc nghiém.,

M6 hinh n theo phuong phap Lagrangian — Eulerianian, két qua md phong ciing cho thiy
tam bé tong ct thép bi pha hoai c6 dang 16 thung giéng thuc nghiém. Tuy nhién, kich thuéc 15
thung & mat trén va mat dudi cua tAm bé tong cot thép 1a kha 16n so véi két qua thuc nghiém.
Cu thé, két qua mé phong cho kich thuéc 15 thang & mat trén va mat duéi lan luot 12 40cm va
41cm ((Hinh 3(c,d)). Két qua nay 16n hon kha nhiéu so vai két qua thuc nghiém.

Hinh 4. Qua trinh lan truyén caa séng nd theo md hinh Lagrangian — Eulerianian.

Co6 thé thay rang, hai md hinh tai trong no theo CONWEP va két hop Lagrangian —
Eulerianian déu cho ra két qua pha hoai & hai mat tim bé tong cbt thép. Két qua nay gidng vai
két qua thuc nghiém. Tuy nhién, két qua md phong kich thudc pha hoai & mat trén va mat dudi
ctia tam bé tong cdt thép theo moé hinh CONWERP 14 sat hon so véi két qua thuc nghiém so véi
phuong phép Lagrangian — Eulerianian. Vi phuong phap Lagrangian — Eulerianian phai dua
vao nhiéu thong sé hon khi khai béo tai trong né va méi truong xung quanh, nén anh huong
cuia dau vao téi két qua ciing s& nhiéu hon so véi phuong phap CONWEP. Tuy nhién, phuong
phap nay lai cho phép quan sat dugc qua trinh lan truyen vat Iy caa séng nd anh huong toi tam
bé tong cbt thép tir d6 s& hiéu dugc rd hon ban chit caa qué trinh lan truyén séng nd va anh
hudng cua nod 1én két cau. Didu nay 1a kha quan trong, gilp cho viéc tinh toan, thiét ké duoc
chinh xac hon.
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Hinh 4 md ta qua trinh lan truyén ciia séng no tir khi khdi no duoc kich hoat, t6i khi song
nd tac dung 18n tam bé tong cot thép. Song nd s& géom hai thanh phan gay ra ap suit nén va kéo
trong qué trinh lan truyén. Khi song nay tac dong vao tam bé tong cdt thép s& gay ra ap luc bé
mit va gay ra sy pha hoai cua tam.

4. KET LUAN

Nghién ctru da gidi thigu vé cac mo hinh sé mé phong tai trong nd lén tam bé tong cot thép
st dung phan mem phan tir hitu han Abaqus. Ba md hinh s6 mo phong tai trong nd duoc sir
dung trong phan mém Abaqus duoc nghién ciru gom: Phuong phép khéng ludi (SPH), phuong
phap st dung khéi nd twong duong va phuong phap két hgp Lagrangian — Eulerianian. Nghién
clru d3 phén tich wu, nhuoc diém va pham vi ap dung cho tung phuong phap. Két qua nghién
ctru bang thuc nghiém va mé phong sé anh huong cua tai trong nd TNT Ién tam bé tong cét
thép c6 kich thudce 1000x1000x60mm da dugc thuc hién trong nghién ciru. Su pha hoai ¢ mat
trén va mat dudi ciia tam bé tong cot thép da dugc xem xét va so sanh gitra thuc nghiém va mo
phong s6. Két qua thu duoc bang phuong phap mé phong sb véi hai truong hop mé hinh tai
trong n6 theo CONWEP va két hop Lagrangian — Eulerianian kha twong dong véi két qua thuc
nghiém. Tuy nhién, véi phuong phap két hop Lagrangian — Eulerianian mic do pha hoai dang
I6n hon so véi thuc nghiém, vi phuong phap nay chiu danh hudng cua rat nhiéu thong sb dau
vao lién quan t6i thudc no va khong khi xung quanh. Céc nghién cau tiép theo s& phan tich ki
Vé Cac thdng s6 dau vao theo phuong phap nay dé co két qua moé phong tot hon, sat hon voi
thuc té. Ket qua nghién ctru cling 1a co s¢ dé c6 cac nghién ctu chuyén sau vé anh huong cua
tai trong no 1én céc két cau cdng trinh 16n hon phuc vu cho anh ninh quéc phong ciing nhu cac
truong hop cong trinh dac biét.
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