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Ung xir cita két ciu ngam bé tong cot thép (btct) nguyén khoi chiu
tac dung ciia tai trong nd trong moi truong dat sét 1an da hoc
Behavior of reinforced concrete (RC) underground structures

monology subject to explosive loads in the clay and rock environment
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Tém tat: Qué trinh hinh thanh song nén tac dung 1én két cu khi nd trong méi truong dat da khong
dong nhét twong ddi phirc tap. Tuy nhién dudi s hd trg cia may tinh va cac phan mém tinh todn
chuyén dung, qua trinh d6 s&€ dugc md phong va tinh toan dé dang hon. Bai bao danh gid ing xr ciia
két cdu BTCT nguyén khéi chiu tai trong nd trong méi truong dét sét ddng nhat va moi trudng dat sét
khong dong nht ¢6 1dn d4 hoc. Noi dung nay hién chura ¢6 bai nghién ciru va mo hinh ho nao. Nghién
ctu nay st dung mo hinh vat liéu cua G.R Johnson va T. J. Holmquist [1] dé mo hinh hoa vat liéu gion
nhu bé tong va da, md hinh dan déo 1y tuéng Mohr-Coulomb dugc str dung & mo hinh hoa mé truong
dat. Phuong trinh trang thai “Jones-Wilkins-Lee”” (JWL equation of state) duoc sir dung dé tinh toan
ap Iuc nd do bom dan gay ra. Cac mo phong dugc thuc hién trén phén mém ABAQUS 2022 va st
dung phuong phap két hop Coupled Eulerian - Lagrangian (CEL) de thu dugc két qua. Noi dung
nghién ctru cho thay 10 kha nang giam 4p luc clia song nén 1én két cAu ngam BTCT khi chén Ian d4
hoc xung quanh két cau trong qua trinh san 1ip bén ngoai.

Tir khéa: Abaqus; Coupled Euler Lagrangian; né trong dat; tai trong no; g xir két cdu chiu né
trong dat.

Abstract: The process of forming compression waves acting on structures when exploding in
heterogeneous soil and rock environments is relatively complex. However, with the support of
computers and specialized calculation software, that process will be simulated and calculated more
easily. This article evaluates the behavior of monolithic reinforced concrete structures subjected to
explosive loads in homogeneous clay environments and heterogeneous clay environments mixed with
rubble. There are currently no research or modeling articles on this content. This study uses the material
model of G.R Johnson and T. J. Holmquist [ 1] to model brittle materials such as concrete and rock, the
Mohr-Coulomb ideal elastic model is used to model the soil environment. . The “Jones-Wilkins-Lee”
equation of state (JWL equation of state) is used to calculate the explosion pressure caused by bombs.
The simulations were performed on ABAQUS 2022 software and used the Coupled Eulerian -
Lagrangian (CEL) method to obtain the results. The research content clearly shows the ability to reduce
the pressure of compression waves on reinforced concrete underground structures when mixed with
crushed rock around the structure during the external leveling process.

Keywords: Abaqus, Behavior of blast-resistant structures in soil; Coupled Euler Lagrangian;
explosion in soil; explosive load

1. Pt van dé

Tinh toan két cu bé tong cot thép chiu tac
dung ciia bom dan nd trong dit 1a mot trong
nhimg ndi dung quan trong trong tinh toan stre
sdng cua cong trinh quan sw. Khi bom dan nd
trong dét thuong chia thanh ba viing tic dong
d6 14 viing nén ép, viing pha hoai va viing chén
dong. Pbi véi két cau BTCT dit trong ving
chén dong, tac dung cta nd ctia bom dan 1én
cong trinh chu yéu 1a song nén. Cac két qua
nghién ctru giai tich trudc day [2], dé don gian
cac tac gia thuong xem dat da la méi truong
déng nhét lién tuc. Hién nay, véi sy ho tro ctia
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may tinh, xu huéng nghién ctru img xur ctia két
cau BTCT nguyen khéi chiu tac dung ctia tii
trong n trong méi trudng dat 1n da da va dang
duoc nghién ctru Gmg dung. Bai bao trinh bay
mot phuong phap nghién ctru tmg xr cua két
cau bé tong cot thép nguyén khéi chiu tac dung
cua tai trong nd trong mdi trudng dat 1An da
bang phuong phap phan tir hitu han va str dung
phan mém ABAQUS phién ban nam 2022.

2. Co s6 1y thuyét ciia qua trinh lan truyén
séng ng suit

Déi v6i cong trinh dat ngoai ving phéa hoai do
tac dung n6 ctia bom dan, tac dung nd ctia bom
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dan chuyén thanh dang séng nén lan truyén
trong dat. Cac tham s6 chinh dé x4c dinh song
nén bao gdm g suit tai mot diém bat ki
(Omax)Va quy lut phan bd theo thoi gian oft)
[3]

Gia trj tmg sut nén phap tuyén trong séng
t61 tai mot toa do trong khong gian phu thude
vao khoang cach dén tam nd, ham 4p lyc nd
trong budng min va dic trung ctia dat da c6 thé
xac dinh dugc theo quy luat [4], [5].

7, = p@) )

(r/n, )ﬂ

r: duong kinh 16 khoan,
to: dudng kinh khdi thude nd,
p(t): p luc nd 1én thanh 1 min,

p(0= e @
t: thoi diém khao sat sau khi kich né;
a: hé sé dac trung cho sur suy giam cua ham ap
lue nd trong budng min, phy thudc vao déc tinh
chit nhdi 1én, uong nd, dét da.

Or

Hinh 1. Sy lan truyén séng ing sut
nd trong khong gian [4]

po: 4p luc t6i da ban dau cta san pham no,

__pD’
Po= 5+ )
véi: pr 12 mat do thude nd; D 13 toe d6 nd, k 1a
chi s6 da bién, dbi v6i san phim nd theo
Landao k=3;

Séng nén truyén trong dat khi gap chudng
ngai s€ phan xa lai.
Ap Iyc phan xa ciia séng nén (séng doc) tinh
theo congthlic: =K o 3)

px -t
o: 1a ap lyc séng 1én bé mit chudng ngai;
o la ap luc song toi;
Kpx 1ahé s0 phan xa.
Ap luc song nén trong dat
Ung suét 16n nhit G, & d6 sdu h do tai trong
song xung kich trén mét dat [4], [6]:

+” _L’Z(}/z—l).n.(n—l) ....... (n—i+1)
| Z[ a,ﬂ] )" =(r-1) "

Gmax = APN\M

)
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Gmax - 8p luc lon nhat tai o sau h ké tr mat dat;
APy - ap luc cuc dai cia song xung kich trén
mat dat;
h - d6 sau dén diém can nghién ctru;
0 - thoi gian tac dung ctia song xung kich;
n - chi s0 nhi thire biéu thi quy luat bién doi ctia
siéu ap trén mat song;
_3% % ;i-s6hang cua chudi;

al a1

Khi n= 1 thi 4p lyc 16n nhat tai 6 sau h 1a:
2]
2a,r, a,

0=——-—; 7,=0

O ymax = APmnx [1 -

Thoi gian tang va giam tai:

(¢

Omax

St

Lo ) i L

7

Hinh 2. Qui luat bién thién cua séng nén theo
thoi gian [4]
Goi thoi gian tu luc song xung kich tac dung
1én mat dat t&i lac song dan hoi truyén dén do
sauh 14 to. . %)
a
Thoi gian tir lac bat dau séng xung kich tac
dung trén mat dat toi lac song nén dat tri SO Gmax

la: Lk (©)
a,
Thoi gian tang ap luc:
ot _Aa-a) () (7
a, a, a,a,
Thoi gian giam ap luc:
0,=(1,5+2)0(s) )

3. M6 phong sb sir anh hwéng ciia bom dan
tac dung 1én két cAu BTCT trong méi
truong dat sét 13n da hoc

Phin mém ABAQUS dugc tich hop d& mo
phong cic vu nd trong cic méi truong khac
nhau. Thuat toan Lagrangian duoc ap dung khi
phan tich cac loai chét ran, trong khi d6 thuat
toan hon hop Coupled Eulerian-Lagrangian
phtt hop khi phan tich cac bai toan vé dong
chay cua chat 16ng va chat khi. N6 ciing thich
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hop dé phan tich su lan truyén séng né trong
mdi truong dét da khac nhau.

a) Mo hinh hod vit liéu.

- Pdt: Mbt trudng dat xung quanh két ciu duoc
mo hinh hod theo m6 hinh Morh-Coulomb.
Céc tham s ciia mdi truong duoc lay theo
nghién cua ctia Johannes Pistrol va cong sy

cong bd nam 2012 [7].
Béng 1. Tham s6 cta d4, va BT theo mé hinh pha
huy HIC [7]
Ki hi¢u Gia tri Pon vi
E 40000000 N/m?
v 0.3 -
p 1900 kg/m?
) 32 0
c 200 N/m?

- Da, bé tong: Pa va bé tong la cac loai vat licu
gion dugc khai bao theo mo hinh vit liéu ctia
Holmquist, Johnson and Cook (HJC) (1993)
da duoc phat trién cho tinh toan pha huy cac
vat li¢u gion nhu da, bé tong. ... chiu ap luc cao,
bién dang 16n [1], [8]. M6 hinh HIC bao gom
phuong trinh cuong do tmg véi tde do bién
dang, phuong trinh trang thai nén tinh phi
tuyen va phuong trinh phat trién pha huy voi
bién dang déo [1], [6], [8].

Phwong trinh quan h¢ giita cuong d9 va téc
do bién dang [1]:

o' =[A(1-D)+BP™ |(1+Cm &™) (9)

Trong do:

o tmg suét twong duong dugc chudn hoa

o tmg suét tuong duong thuc,
o cuong do chiu nén

P*: Ap luc duoc chuan hoa

P: Ap lyc tinh

£”: Tc d6 bién dang khong thir nguyén

&": Tc do bién dang thyc:

e Téc do bién dang tham chiéu

£ =1.0s"

T": Cuong d6 chiu kéo dugc chudn hod.

T: Cuodng d6 chiu kéo.

Smax: Cudng do 16n nhit duoc chuin hod ma bé
tong co thé chiu dung duogc.

A, B va N lan luot 1a cac hing sb vat liéu dai
dién cho cuong d6 dinh chudn hoa, hé s6 cing
ap suét chuén hoa va sb mii cimg 4p suit.

C: hé sb tde d0 bién dang,

D: pha huy tich uy (0 <D< 1).

D=0 (Undamaged)

“=P/f,

D=1.0 (Fractured)

.
& ~1.0

Normalized equivalent stress
o

oY -t 0o}

Normalized pressure — P* =P/ £,
Hinh 3. Quan hé giita cuong do va téc do bién
dang theo m6 hinh HIC [1]

Phuong trinh pha huy:

Hinh 3 cho thay sy pha huy ciia m6 hinh HIC
duoc tich luy tir bién dang déo tuong duong va
bién dang déo thé tich, va dugc xac dinh theo
cong thirc sau [1]'

D=y e

Trong do:
Ag,va A, 1a s gia bién dang déo ¢ hiéu

+Ayp

el +u!

(10)

va bién dang déo thé tich.

g£ T /”1{ : Tong bién dang déo dudi tac dung

cua 1 tai trong khong d6i cho dén khi ntit, dwoc

tinh bang cong thurc:
Iy

el +ul =D, (P +77) 2

P, T": Hang s6 vét liéu duoc ding dé triét tiéu

nut né do cac song kéo gy ra.

D) va D; 1a cac hang s6 pha huy

j’ min

.4 /
&+ Up

A et
Nt

Hinh 4. Quan giita ap lyc chuin hoa véi tong
bién dang déo va bién dang tich lily theo md
hinh vat liéu HIC [1]

Phwong trinh trang thai nén tinh:

Phan {mg nén finh dwoc diéu chinh bang
phuong trinh trang thai va chia thanh 3 giai
doan nhu hinh 3.
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P=Kjg+Kp* + K’
A Hiock
1+ o

u=

Pressure

pcnsh_ /

T, M T Py 7

Hinh 5. Trang thai nén tinh ctia vat liéu theo
mb hinh HIC [1]
Giai doan 1 1a dan hoi myép tinh tir nguéng
ap luc am téi gidi han dan hoi
P=Ku;P<P

crush
y75 bién dang thé tich tiéu chuan;

=L _1; Pyva p mitdo ban dau va mat
Po

d0 hién tai;
K: M6 dun dan héi khdi cua vat ligu
K= P/

Herush
Lo bién dang thé tich tai gi61 han dan hi
Pcrush
Giai doan 2: con goi la giai doan chay déo
trong giai doan nay cac 16 rdng khong khi dan
bi nén ra khoi bé tong va cac pha huy duoc tao
ra do bién dang déo thé tich cho dén khi khi
dat dén diém (Ui, Prock):
P=F, 5+ Kk (IU = Hepusp)

lnck (Plock crush )(/Jplnck

14 hé s6 goc;

- lLl crush )

Hpoct bidn dang thé tich tai ap lyc nén B
Giai doan 3: giai doan nén chat. Khi tat ca 15
rong khong khi da toat hét ra khoi bé tong.
Luc nay bé tong dugc coi nhu la hoan toan
dan hoi phi tuyén. mbi quan hé gitra ap luc va
bién dang duogc biéu thi qua cong thirc:

P=Kpa+K,m*+ K,z (11
_ (#= M) : bién dang thé tich higu chinh,
(1 + Mok )
7 bién dang thé tich & trang thai nén chat
Perain
Lo

Porain mat do vat li¢u ¢ trang thai nén chat

i

-1

Hiock =

khong con 16 rong.
K1, K, K3: cac hang so vat liéu.
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Céc tham s6 ctia vat liéu bé tong dugc 1dy theo
nghién cia G.R Johnson va T. J. Holmquist
1994 [1]. Cac tham sb cua da dugc Wang
cling cong su cong bd nam 2019 [6].

Bang 2. Tham s6 cua d4, va BT theo mé hinh

phé huy HIC [1], [6]

Thong sé vt liéu Gid tri
Bétong Da voi

P, (kgm?) 2440 2300

G (GPa) 22 10,093

N 0.61 0.89

A 0.79 0.55

B 1.6 1.23

C 0.007 0.0097

Smax 7 20

PN 1.0 1.0

T (MPa) 56 4

D, 0.04 0.04

D, 1 1

Perush (MPa) 80 20

Pioi (GPa) 1.2 2

€fiin 0.01 0.01

K1 (GPa) 85 39

K, (GPa) -171 -223

K (GPa) 208 550

Ecmsh 0.00124 0.00125

Miock 0.011 0.174

- Thuée né: Trong tinh toan md phong s6 dé
xac dinh dugc ap luc do san phém nd tac dung
1én dat dé, c4c nha nghién ctru sit dung phuong
trinh trang thai dé biéu thi mdi quan hé gitra
nang luong, ap luc va mét dg cua san phim nd.
C6 nhiéu tac gia xay dung cac dang phuong
trinh trang thdi khac nhau nhu Becker-
Kistiakowsky-Wilson (BKW) Eos, Mie-
Gruneisen Eos [9], [10], [11]. Phuong trinh
trang thai Jones-Wilkins-Lee (JWL equation
of state) dugc str dung phd bién va rong rii vi
tinh don gian cua né va di dwoc nhiéu nha
nghién ciru st dung trong cac cong trinh
nghién ctru ctia minh [6], [12], [13], [14], [15].
Ap Iuc tac dung 1én médi trudng do san pham
no gay ra dugc tinh toan theo phuong trinh
trang thai “Jones-Wilkins-Lee” (JWL
equation of state) dugc biéu thi theo phuong
trinh sau [16]:

p=Al1--2 |etv 1B 1--L_|erv
RV R,V

Lk,
v (©)

V 14 thé tich tuong dbi ciia san phim nd;

A, B, Ry, Ry, va w 1a céc tham sb dic tinh ctia

thudc nd, cac tham sd niy thu dugc khi thi

nghiém din né san phdm nd trong cac diéu
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kién kiém soat dugc [17], [18]. Gid tri ctia cac

tham s0 nay dugc trinh bay trong bang 3.

Bang 3. Cac tham sb cua thude nd theo phwong
trinh trang thai JWL [17]

A (Mbar) B (Mbar) R
3,73 0,0374 4,15
R> E (kJ/md) [0}
0,9 6,06.10° 0,35
Va(m/s) P (kg/m®) pes(Mbar)
. 6930 1650 0.281
- Thiét lap mo hinh:

Bai toan két cAu BTCT chiu tac dung nd cla
bom dan trong hai truong hop:

Truong hop 1: méi truong dat sét ddng nhét.
Truong hop 2: méi trudong dat sét 1an da hoc.
Cac thong sO vat lidu thira nhan tir cac nghién
ctru trude d6, nhur d trinh bay & phén trén.

Khéng khi

e Cong sy

_

Truong hop 1

Knang khi

Lugng nd

P Cong sy

Lugng né ™ 'Y

Truong hop 2
Hinh 5. M6 hinh bai toan trong méi truong
dong nhat va khong dong nhat.
Sau khi tinh toan bang phin mém Abaqus
cho hai truong hop két cau két cAu dat trong
hai méi truong khac nhau cho két qua nhu

b) Moéi trudong dong nhét

a) Mbi truong dat 1an d;
Hinh 6. Sy lan truyén dao dong ctia cac phan
tr moi truong

AP LY'C SONG NEN TAC DUNG LEN TUONG BEN

500000

H
g

300000

200000

100000

Ap lyre (N/m?)

. oo, o oazs
200000 —
Thivi gian (s)

--------- Dt déng nhit Ditlindi

a) Ap luc song nén;

CHUYEN V| TAI GIJA TUONG BEN

o ows oo oais om oms
Thoi gian (5)

——bitlindi  ===-Dit dingnhit

b) Chuyén vi tai diém giira tudong bén

Hinh 7. Ap lyc séng nén, chuyén vi tai diém

gifta tudong bén cia két ciu
Ta thdy khi n trong méi truong dét 13n da tbe
d6 lan truyén cta song nén tac dung lén két
cau ngim nhanh hon khi nd trong méi trudng
d4t dong nhit. Tuy nhién 4p luc séng nén khi
moi truong c6 1an da nhé hon trong moi
truong dat dong nhat ( 382000 N/m? va
432000 N/m?).

S, Mises

(Avg: 100%)
+4.8582406
+4.461e+05
+4.0642 406
+3.668e+05
+3.271e406
+2.874e+06
+2.477e+06
+2.080e+05
+1.684e+05
+1.287e+06
+8.900e+05
+4.932e+05
+9.636e+04

S, Mises
(Avg: 100%)
+4.642e+06

+8.297e+05
+4.485e+05
+6.723e+04

b)
Hinh 8. Biéu do ung suét trong két cu tai thoi
diem t=0.011s
Ung sudt nén diém giita clia tuong tai thoi
diém t = 0.011s khi nd trong méi truong dat
1an d4 hoc (2,2.10° N/m?) tuy xuét hién sém
hon nhung nhé hon rd rét so véi khi nd trong
mbi truong ddng nhét (6.10°N/m?).
(NG SUAT TAI GIA TWONG BEN

6000000

4000000

)

2000000

0

0 0.025
-2000000

~4000000

NG SUAT (N/

6000000

-8000000

Thoi gian(s)

——Datlanda Dét dong nhét

Hinh 9. Ung suit tai mit trong
tuong bén cta két cau
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3. Két luan

Trong nghién ctru nay da trinh bay co so ly
thuyét lan truyén ctia song nén do nd trong méi
truong dat d4 tac dung 1én két ciu ngim. Bai
bao da thiét 1ap va phén tich bai todn nd trong
mdi trudng dat sét ddng nhat va khong dong
nhét c6 1an da hoc. Két qué thu dugc cho thiy
khi méi truong dat sét c6 1an d4 hoc tac dung
cta song nén 1én két cAu ngam s& xuét hién
som hon nhung cudng do song s& giam di. Ung
xir ctia két cau khi it trong méi trudng dét 1an
da hoc cling giam di 6 rét so v6i moi truong
dat dong nhat. Nhu vay, mdi truong dat sét 1an
da hoc c6 thé ting kha nang chiu dyng cua két
cau voi cung tai trong nd nhu khi n6 trong dat
sét dong nhét. )

Trén co so nay, chung ta c6 thé tim ra mdt
huéng nghién ciru moi trong gidi phap bao
dam nang cao suc chiu dung cua két cau ngam
trong dét trong tuong lai va tin dung dugc cac
vat liéu sn c6 tai dia phuong dé chén lap bén
ngoai ciing voi dat bao quanh két cAu ngam.
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