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Nghién cuu su lam viéc cua bé chua chat léng
chiu tac dung cua tai trong né

Studying the working of liquid storage tanks under the effect of explosive loads.

> PGS.TS VU NGOC QUANG', THS THAN THE HUNG?, TS VU NGOC ANH' THS NGUYEN HU'U HA'

"Hoc vién Ky thuat quan su
2Cuc Ké hoach Dau tu, B& Quéc phong

TGM TAT:

Trong qué trinh khai thac va sir dung céc bé chia thuing phai
chiu téc dung cia cac loai tai trong dang nhu dang dét, nd. Viec
thigt k& xay dung cac cong trinh dac thu nhe bé chira chat lang
chiu céc tac dung dac biet (dong dat, nd) vai do chinh xac va
an toan cao d4 16i cudn sy quan tam coa cac nha khoa hoc. Tuy
nhién, tinh toan t&i trong nd va thir nghiem khé nang chiu tac
dung cia tai trong sdng nd ddi vai bé chia chat lang la van dé
phirc tap. Vi vay viec nghién ciu tinh toan, mé phong téc dung
cla tai trong nd |&n bé chia chét lang 1a vén dé thigt thec, cén
dugc xem xét, digu nay sé giop gidm chi phi thir nghiém ciing
nhur thigt hai vé ngui va cia.

Bai béao trinh bay phuong phap tinh toan va mé phang két cdu bé
chira chét lang chiu tac dung cia sdng nd bang phan mém Abaqus.
Théng qua céc thir nghiem sd nghién cou &nh hwdng cia céc
phueng phép xéc dinh téi trong, anh hedng cla sdng bé mat va
chiu cao muc chét lang dén két qué tinh todn ket céu bé chia
chét lang.

Tir khda: Be nuac dac lap; téi trang nd; ma phang bang Abaqus;
phuang phép phan tir hitu han.

ABSTRACT:

During the exploitation and use of the storage tanks, they are often
subjected to dynamic loads such as earthquakes and explosions. The
design and construction of specific works such as liquid storage
tanks subject to special effects (earthquakes, explosions) with high
accuracy and safety has attracted the attention of scientists.
However, the calculation of the explosive load and the ability to
withstand the bursting wave load for the liquid tank is complicated
and expensive. Therefore, the study, calculation and simulation of the
effect of explosive loads on the liquid tank is a practical issue that
needs to be considered, which will help reduce the cost of testing as
well as damage to people and property.

This paper presents a method of calculating and simulating the
structure of a liquid storage tank under the impact of explosive
waves using Abaqus software. Through numerical tests, the
influence of load determination methods, the influence of surface
waves and liquid level height on the calculation results of the
liquid storage tank structure has been studied.

Keywords: Independent water tank; explosive load; simulation by
Abaqus; finite element method.

1.DAT VAN DE

Bai toan tuadng tac nén dat - két cdu bé chia - chat 1dng da
dugc dé cap badi nhiéu tac gia, thong qua viéc ing dung phucng
phap phan ti hitu han. Trong cac nghién cliu dugc cong bé gan
day [11[2][31[4][5][6] cac tac gid chd yéu st dung mo phdng phan
tl& hiru han ba chiéu (3D) ctia bé chuia, trong d6 khao sat cac ty &
hinh dang khac nhau clia bé, ty 1& phan tram nudc dugc chia
trong bé, d6 day thanh bé, diéu kién bién & day bé va do I6n tai né.
Cong cu cht yéu la phan mém Abaqus.

Tai Viét Nam, tac gid Luong Si Hoang [7], da nghién cutu tinh
toadn dong luc hoc bé chia chat 1dng chiu tac dung clia séng né,
trong d6 hudng di sau Ia mé hinh tinh toén c6 ké dén su tuong tac
day du gilia cac thanh phan trong hé nén dat - két cdu bé chua -
chat 16ng, tai trong dong la loai séng nd, két cau bé chia gém ca
dat ndi va dat ngam trong dat.

Koh va cong su (1998), két hgp phuong phap phan ti bién cho

mién chat ldng va phuang phap PTHH cho mién két cau da phan
tich déng luc hoc bé chiia chat 16ng hinh chit nhat c6 ké dén séng
bé mat. H. Mirzabozorg (2012), s dung phuong phap PTHH dé mé
phdng séng hai chiéu trong bé chidia chit nhat.

Gan day cac nha nghién ctru da bat dau khao sat bai toan séng
bé mat c6 bién d6 Ion. Do séng nay co tinh phi tuyén nén & day
cac phuong phép s6 1a cong cu hiéu qua dé gidi bai toan trén.

Bai toan tuong tac chat 1dng - két cdu c6 ké dén anh hudng clia
song trén bé mat tu do cling dugc khéo sat bai Zienkiewicz (2000)
bang phuong phap PTHH.

Trong bai bdo, nhém tac gid s dung phan mém ABAQUS dé
nghién ctu tinh toan bé nudc bang BTCT khi chiu tai trong né.

2. CO SG LY THUYET TiNH BE CHUA CHAT LONG CHIU TAC
DUNG CUA TAI TRONG NG
Khéo sat bé chua chat 16ng chiu tac dung cla tai trong ddng
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NGHIEN CUU KHDA HOC

bat ky (hinh 1). Bai toan sé dugc gidi theo quan diém tuong tac
déng luc hoc gidia 2 mién: mién két cau bé chira va mién chat 16ng.

DE gidi bai toan dat ra thira nhan cac gia thiét sau day:

- Chat 1éng ly tuéng (khong nhét, khéng xoay), nén dugc, mat
dé thay ddi it, khong tinh dén anh huéng cla luc khéi trong chat
Iédng.

- Két ciu bé chura co kich thudc hitu han, vat liéu két cu bién
dang dan hoi tuyén tinh.

ket cau
bé chira

Hinh 1.Md hinh bai toan bé chifa

Mé hinh héa két cau bé chira:

*Cac m6 hinh tinh gitia két cau bé chuia va chat 16ng [9]:

- Tach chat 1dng ra khoi bé chua;

- Chét 16ng va bé chira lam viéc déng thsi theo quan diém tuong
tac.

*Cac mé hinh tinh gilia két cdu bé chifa chit 1dng va nén dat:

- M6 hinh 1: Tach két cdu ra khoi nén, thay lién két gilta céng
trinh va nén bang géi khdp tai vi tri dudi day bé (hinh 2.a);

- M6 hinh 2: Thay lién két gita két cau bé chira va nén bang cac
16 xo dan héi tuyén tinh theo mé hinh nén Winkler, bo qua luc
quan tinh cta nén (hinh 2.b);

- Mé hinh 3: B chita va nén cung lam viéc déng thdi nhu mét
hé két cau khéng gian (gém c6 bé chia chat 16ng va dat nén), tiép
xUc gilta nén va bé chua la lién tuc tai vi tri dudi day bé, tinh dén ca
dd ciing va luc quan tinh cia nén dat (hinh 2.c).

AL I B ILAN S
b) c)

Hinh 2.Cac mé hinh lién két bé va nén

Trong bai bao sé st dung m6 hinh tach két cau ra khoi nén
thay lién két gira céng trinh va nén bang goi khép tai vi tri dudi
day bé&; Chat 16ng va két cau bé chira lam viéc déng thoi theo quan
diém tuong tac.

Tai trong tinh toan:

Tai trong khai bao trong phan mém Abaqus bao gém: Tai
trong séng né va tai trong va cham cla chat 1dng va két cau bé. Tai
trong s6ng né dugc tinh toan theo 2 phuong phap

- Phuong phdp 1: Tinh toan tai trong séng né theo mé phdng
tinh toan né Conwep trong Modul Interaction - Incident wave.

- Phuong phdp 2: Xac dinh theo céc cong thic thuc nghiém, c6
ké t&i hién tugng chay bao.

Trong bai bdo sir dung mé hinh Conwep dé khai béo tai trong
né tac dung Ién cong trinh.

3. THU NGHIEM SO TiNH BE CHUA CHAT LONG CHIU TAI
TRONG NG V61 PHAN MEM ABAQUS

Pat bai toan: Xac dinh cac ing x{r (Ung sudt, chuyén vi) ctia bé
chat 16ng bang bé tdng c6t thép chiu tac dung cla tai trong né khi
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chiéu cao muc nudc trong bé thay déi.

Mot sé théng sé co ban:

M6 hinh tinh hé bé chira - chdt Iéng

- B& chira st dung két cau bé tong cét thép, dang hinh hép chir
nhat. Kich thuéc: dai 20,8m; réng 8,8m; cao 6,8m; day day 0,5m;
thanh bé day 0,4m; n6c bé day 0,3m.

- Muc nudc trong bé thay déi: H = 1,0m; 2,0m; 3m; 4,0m; 5,0m.

- B& duoc dat trén cac géi cing.

M6 hinh vat liéu:

- Bé téng c6t thép B20: M6 dun dan hoi E = 27.10° MPa, khéi
lugng riéng ps = 2500kg/m?3, hé s6 poatxéng u = 0,3.

- Méi trudng chat 1dng c6 cac tham s6: Khéi lugng riéng pr =
1000kg/m?, van t6c am thanh truyén qua chat léng ¢ = 1500 m/s.

Tadi trong tdc dung:

Tai trong né xac dinh theo mé hinh Conwep [10] [13]; Khdi
lugng thudc né TNT: Cyp = 181,4Tan; Khodng cach ti tdm né dén
mat trudc bé chia: R = 223,6m; Phuong thuc né: NS trén mat dat.

Tamnd
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Hinh 3. M0 hinh bai toan khao sat
Mé hinh bai toan dugc xay dung trén phan mém Abaqus, Iugi
phan tr dugc xdy dung nhu trong Hinh 4.

Hinh 4. Ludi phan t{f cia mo hinh

4, KET QUA TINH TOAN VA NHAN XET

Tinh toan tac dung clia séng né Ién két cau bé nudc sat ap luc
déng I6n nhat (Pmax) va chuyén vi déng tai vi tri clia hé két cdu bé
chta tuong Ung véi céc myc nudce tit H=1+5m, két qua tinh toan
cho 2 truéng hop bang phuong phéap s dung phan mém mé
phéng Abaqus/CAE 6.14-5 (TH1: c6 k& dén séng bé mat; TH2: bd
qua anh hudng cla s6ng bé mat).

Trén hinh 5 va hinh 6 thé hién biéu dé 4p luc va biéu dé chuyén vi
tai nat 699 Uing vai trudng hop chiéu cao muc nudc la 1m.

Tai nut 699:

+ Khi xét dén anh hudng cta séng bé mat: ap luc I6n nhat
Pmax=2,372(Mpa); chuyén vi I16n nhét cGa nlit Zmax= 5,669(mm), tai
thai diém t=0,34s;
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+ Khi khéng xét dén anh hudng clda séng bé mat: ap luc lon
nhat Pmax=1,279(Mpa); chuyén vi I&n nhat clia ndt Zmax= 3,860(mm),
tai thoi diém t=0,34s;
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8. Biéu d chuyén vi theo thdi gian tai niit 817
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7. Biéu d6 ap luc theo thoi gian taindt 817

Trén hinh 7 va hinh 8 thé hién biéu d6 ap luc va biéu dé chuyén vi
tai nat 817 ting vdi trudng hop chiéu cao muc nudc la Tm.

Tainat 817:

+ Khi xét dén anh hudng cla séong bé mat: ap luc I6n nhat,
Pmax= 2,073(Mpa); chuyén vi I6n nhat cla ndt Zma= 5,943(mm), tai
thoi diém t=0,34s;

+ Khi khéng xét dén anh hudng clda séng bé mat: ap luc l6n
nhat Pmax= 1,075(Mpa); chuyén vi I6n nhat Zmax= 3,790(mm), tai thai
diém t=0,34s;

Nhan xét: Qua bi€u do &p luc va chuyén vi tai cac nut 699 va
817 ta thdy khi ké dén anh huéng clia séng bé mat (TH1) gia tri 4p
Iuc nat va chuyén vi nat I6n hon so véi khi khéng xét dén anh
hudng cla séng bé mat (TH2). K&t qua tinh &p luc va chuyén vi tai
nut 699 dugc thé hién trong bang 1 va bang 2 khi thay déi chiéu
cao muc nudc trong bé tur 1-5m.

Bang 1. Két qua ap luc Pmax tai nit 699

Mic nuéc Ap luc Pmax (MPa) Chénh léch
h(m) Trudng hop 1 Trudng hop 2 (%)
1 2,372 1,279 46,08
2 2,228 1,234 44,61
3 1,931 0,770 60,12
4 1,694 0,418 75,32
5 1,320 0,181 86,29
Bang 2. Két qua chuyén vi Zmax tai nit 699
Muc nudc Chuyén Vi Zmax (mm) Chénh léch
h(m) Truong hop 1 Truong hgp 2 (%)
1 5,669 3,860 31,91
2 5,535 2,865 48,24
3 5,226 1,749 66,53
4 5,120 0,547 89,31
5 4,026 0,169 95,80

Két qua tinh ap luc va chuyén vi tai nut 817 duoc thé hién trong bang 3
va bang 4 khi thay d6i chiéu cao muc nudc trong bé tir 1-5m:
Bang 3. Két qua ap luc Pmax tai niit 817

Muc nudc Ap luc Pmax (MPa) Chénh léch
h(m) Truong hgp 1 Trudng hop 2 (%)
1 2,073 1,075 48,14
2 1,861 0,925 50,29
3 1,622 0,484 70,16
4 1,525 0,220 85,57
5 1,240 0,132 89,35

Bang 4. K&t qua chuyén vi Zmax tai nit 817

Muc nudc Chuyén Vi Zmax (mm) Chénh léch
h(m) Truong hgp 1 Truong hgp 2 (%)
1 5,943 3,790 36,23
2 5,781 2,842 50,84
3 5,384 1,660 69,17
4 5,006 0,478 90,45
5 4,124 0,180 95,64

Nhan xét: Qua cac bang 1,2,3,4 thé hién gia tri ap luc I6n nhat
va chuyén vi I6n nhét tai cac ndt tai cc ndt 699 va 817 ta thdy, khi
tdng muc nudc trong bé thi gia tri ap luc va chuyén vi tai cac nat
699 va nut 817 déu gidam cho ca hai truong hgp tinh dén anh
hudng cla séng bé mat (TH1) va khéng xét dén anh huéng cla
song bé mat (TH2). Dac biét khi & muc nudc cao anh hudng cla
séng bé mit c6 tac dung lam gidm gia tri 4p luc va chuyén vi la rat
dang ké so vdi khi khong xét dén anh hudng ctia séng bé mat.

5. KET LUAN

Bai bao da trinh bay phuong phép tinh toan va mé phéng két
cdu bé chira chat 16ng chiu tac dung ctia séng né bang phan mém
Abaqus. Théng qua cac thi nghiém s6, da dua ra dugc su anh
hudng clia clia séng bé mat va chiéu cao muc chat ldong dén két
qua tinh toan két cdu bé chia chat 16ng.

Qua tinh toan phan tich gia tri chuyén vi va ap luc tai cac nat N-
699 va N817 cho céc trudng hop ta thay: khi ké dén séng bé mat
thi gia tri ap luc va chuyén vi ting hon déng ké so vai khi bd qua
anh hudng nay. Do d6, dé ting tinh an toan trong tinh toan va
thiét k&, chung ta can ké dén anh hudng cla séng bé mat khi mé
hinh héa bé chita chat 16ng chiu cac dang tai trong déng (ép luc
séng né, déng dat...).
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