BAI BAO KHOA HQC

’ PHAN TiCH TUONG TAC GI(IA KHOI NUOC
VA KET CAU CAU MANG BE TONG BANG PHUONG PHAP FSI

Khiic Hong Van', Nguyén Pinh Thing?

Tém tat: Hién nay khi phdn tich két cau lam viéc trong méi truong mede thwong dwa tdi trong dp lee
nude vé tai trong tinh gan 1én bé mdt két cau. Tuy nhién khi két cau chiu tdi trong dp lyc nuée bién
thién theo thoi gian thi phwong phdp trén khong phan édnh ding trang théi lam viée ciia két cau. Phwong
phdp twong tdc truc tiép giita khoi nude va két cau (FSI) c6 thé gidi quyét dwoc vin dé nay thong qua
cdc phan mém phan tich phan tir hitu han théng dung. Phan mém ADINA la mét trong nhitng phan mém
manh cé thé mé phong tot twong tac déng luc hoc gitta khéi mede va két cau céng trinh. Bai bdo thong
qua mot vi du cu thé phan tich két cau cau mang dén nuée chiu tac dung cua dong dat ae thdy 70 hiéu

qua cua phuwong phap FSI.

Twr khoa: Phuong phap FSI; Két cau cau mang; Pong dat.

1. PAT VAN PE

Nhitng ndm gin ddy, dé dap tng yéu cau thyc
té ngdy cang cao ciia xd hoi doi hoi nhitng nha
thiét ké khong ngimg nghién ctru tim toi giai phap
ky thuat méi nham ning cao hiéu qua va chét
lugng cong viéc. Phuong phap FSI (Fluid
Structure Interaction) 1a modt phuong phap cho
phép ngudi thiét ké md phong duoc trang thai 1am
viéc thuc cua két cAu khi tuong tac truc tiép véi
mdi trudng nude xung quanh thay thé cho phuong
phap gan tai truyén thong.

Trong hé thong cong trinh thuy lgi, cAu mang
dugc st dung trong trudng hop khi tuyén din
nudc di qua cac vung trliing nhu song, thung liing,
...Phuong phap thiét ké két cdu cdu mang truyén
thong coi khdi nudc trong mang la tai trong
ngoai tac dung 18n két ciu, vi vay khi ciu mang
dan nuéc chiu tac dung ciia dong dat thuong
khong phan anh dung trang thai 1am viéc cua ké
cdu. Trong pham vi bai bao nay, tic gia gidi
thiéu két qua nghién ctru su thay doi tng suit va
chuyén vi cua két ciu trong qua trinh twong tac
voi khéi nuéce trong mang, ddng thoi danh gia sy
bién d6i cua ap luc nudc do chinh sy tac dong

' B¢ mén Két cdu cong trinh, Khoa Céng trinh, Trueong
Dai hoc Thuy loi
% Sinh vién K57-CT1, Truong Pai hoc Thuy lpi

nguoc lai cua chuyén vi cua két ciu giy ra.
Phuong phap FSI cho phép phéan tich dugc cung
mot luc hai chiéu su tac dong qua lai gitra két cdu
va cht long.

2. PHUONG PHAP TUONG TAC GIUA
KET CAU VA KHOINUOC

Hién nay, phwong phép truyén théng phan
tich Gmg sudt va chuyén vi ctia két cau lam viéc
trong moi truong nudc déu dya trén nguyén tic
tinh toan tri s6 ap luc nuéc sau d6 gan ap luc
1én bé mat két cdu theo Hinh 2.1 (trai). Tuy
nhién, cach tinh nay chi phan tich dugc mot
chiéu su tac dong cua khdi nude 18n két cadu ma
khong xét toi sy tdc dong tro lai cua két ciu 1én
khbéi nude. Véi phuong phap FSI (Dohmen.
H.J., 2011), khi két ciu dao dong v6i khdi nuée,
khéi nude twong tac voi két ciu s& co cing gia
tdc, van téc va chuyén vi v6i két ciu va luc
quan tinh, lyc can, lyc dan hdi cua khéi nude
dwoc gan 1én két cdu lam cho khdi luong, do
cing ctia hé thdng dao dong bi thay déi tir d6
dan dén su thay ddi dic tinh dao dong két cdu
theo Hinh 2.1 (phai). Phuong phap nay khong
chi cho phép phén tich chuyén vi va ng suit
cua két cAu ma con xét tGi su tuong tac tro lai
ciia két cdu 1én khdi nude, tir d6 danh gia duoc
nhirng anh huong bat loi cia diéu kién ngoai
canh 1én cong trinh.
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Hinh 2.1. So d6 tinh theo phwong phdp truyén thong (trdi) va phwong phap FSI (phdi)

3. PHUONG TRINH CO BAN TUONG
TAC GIUA KHOINUGC VA KET CAU

Chuyén vi va tng suat cta két cau tai mi bude
tinh toan dugc xac dinh theo phuong phap “step-
by-step” duoc Newmark phat trién (Clough. R.W.,
2003) dya trén hé théng két hop hai phuwong trinh
ctia khbi nude va két ciu dudi day:

Mi+Ku=f,—Mi+Q

M, p+K'p=F - pQ' (i +ii)

(1
2)

trong d6: M 1a ma tran khdi lugng cta két cau
, K 1a ma tran do ctmg cuia két cdu. M , and K’
14n luot 14 ma tran khdi lugng va ma tran do ctiing
cua khdi nude. £, 1a véc to tai trong, U véc to
chuyén vi, i véc to gia toc cua két cau, ¥ 1a
gia toc trong truong, p la vec to cua ap luc nudc
theo thoi gian , » 1a ham vi phan bac 2 tuong ting
cta 4p luc nudc theo thoi gian. @ 1a ma tran két
hop cia khdi nudc va két cdu (Taylor. R.L.,
2000). Cudi cung, F' 1a lyc twong tac tic dong lén
két cau do gia toc cua khoi nude, p trong lugng
riéng cia nudc. Ma tran can nhdt C cua nudc
dugc bo qua trong tinh toan.

4. PHAN TiCH TUONG TAC GIUA KET
CAU VA KHOI NUOC TRONG MANG

4.1. Mt cit tinh toan

Kich thudc mat cit ngang mang:

H=5.1m: Chiéu cao thanh mang.

B=5m: Chiéu rong day mang.

hy= by = 40cm: Sudn ngang.

hy = by=40cm: Thanh giang ngang.

l,= 3m: Khoang cach gitta cac thanh giang.

L=15m: Chiéu dai nhip tinh toan cua 1 khoang.

t=40cm :Chiéu day thanh mang, diy mang
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Hinh 2.2. Mt cdt ngang tinh todn cia cau mang

4.2. Bing gia tbc dong dat

Nghién ciru dya trén didu kién gia dinh cong
trinh chiu tadc dong cua tran dong dét Centro (Hoa
ky) véi bang gia cho trén hinh Hinh 2.3 trong thoi
gian 10 (s).

Centro

a (m/s?)

Time (s)
Hinh 2.3. Bang gia téc dong dat theo thoi gian
cua tran dong dat Centro

4.3. Thiét 1ap mo hinh tinh toan

Dit ra bai toan 13 sy twong tac giita két ciu cau
méang dan nude trong hé théng cong trinh thay loi
va khdi nudc trong mang, tir d6 phan tich ng suét
va chuyén vi ciia két cAu cau mang, dong thoi
phan tich sy thay d6i ap luc nudc trong cac diéu
kién binh thuong va dong dat.

M3 hinh khéi nuée

Khdi nude duoc coi 1a chit 1ong khong nén duoc,
bd qua luc can nhdt va mé phong dua trén mé hinh
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LES trong CFD (Computer Fluid Dynamic).

Thong sé dau vao khéi nudc nhur sau:

+ Trong lugng riéng: 1000kg/m’.

+ D9 nhét: 0.001 kg/m.s (theo TCVN 2117 — 77
& nhiét d6 20°C va ap suat khong khi 1,01325 at).

+ CoOt nudce 16n nhat: 3.5m

Hinh 3.1. Khéi nuée

K&t cAu ciu mang

Két ciu cau mang dugc md phong dua trén mo
hinh ADINA Structure. Gia thiét vat liéu bé tong
dan hoi va dang huéng. Thong sd dau vao cia bé
tong cau mang nhu sau:

+ Trong luong riéng bé tong: 2500 kg/m’

+ Heé s6 poissons p = 0.2

+ Mb dun dan hoi: 2,9x10" (N/m?)

Hinh 3.2. Két cau mdng

NODAL_PRESSURE
TIME 10.00

t 32500,

— 27500

— 22500.
= q7san.
= 12500,

4.4. Bién gia toc dong dat theo thoi gian

Rung chdn dong dat duoc gia thiét kéo dai
trong khoang thoi gian 10(s). Rung chan nay duoc
chia nhé thanh 250 khoang thoi doan, mdi thoi
doan cach nhau 0.04 (s) s€ dam bao viéc khao sat
chinh xac sy thay ddi (mg suét va chuyén vi dong
thoi giam duoc khdi lugng tinh toan.

4.5. Truwong hgp tinh toan

Nghién ctru dat ra trong diéu kién két cdu cau
mang lam viéc binh thuong va khi xdy ra dong
déat. Vi bai toan dong dat, gia st c¢6 hai truong
hop tac dung cua dong dat. TH1 1a khi chi tac
dung theo phuong thang dimg Z theo hudng bt
loi nhat cho tinh vOng tai vi tri giita nhip mang va
TH2 la tac dung theo ca hai phuong ding Z va
ngang Y nham gia ting ap luc nudc theo phuong
ngang.

Bang 1. Truong hop tinh toan dong dat

Phuong dong

dat x Y i
TH1-a(z) 0 0 -1
TH2-a(z,y) 0 -0.8 -1

4.6. Phan tich két qua ap lwec nudc
ting thém

4.6.1. Piéu kién thwong

Phuong phap FSI phan tich ap lyc nudc ting
thém khi diéu kién binh thuong, 4p luc nudc thay
d6i theo chidu sdu cot nudc va phu hop véi
phuong phép tinh toan ap luc truyén thong.

3.5 T
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Hinh 4.1 M6 hinh hién thi dp lec nude trong diéu kién thuong
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4.6.2. Diéu kién xdy cé dpng dit

Trong thuc té, sy gia ting ap lyc nudc trong
méang do dong dat phy thudc vao rat nhiéu yéu t6
trong d6 phai ké dén yéu té nhu bé rong tiép xuc
ctia khdi nude voi két ciu thong qua bé rong B va
chiéu cao H. O trong nghién ctru ndy, nghién ciru
dugc 4p dung cho mdét md hinh cong trinh cau
méang v6i thong sb thiét ké da cho tng véi bing
gia tbc dong dit gia dinh dé tim ra ap luc ting
thém phu hop véi quy luat cia phuong phap
Westergaard, (1933) 14 ham bac 2 don gian (Hinh
4.2) c6 thé xac dinh nhanh gia tri ting thém cua
dong dat théng qua chiéu sau cot nude khao sat
zi(m) theo dang phuong trinh sau:

Dbi voi dong dat Centro a,:

P =f(z)= 61,33 —4,01z— 3,817 (3)
Déi véi dong dat Centro a,,:
P = fy(z)= 133,9- 34,81z — 1,057 4)

Véi cach [am don gian nay, phuong phap FSI
cho phép xac dinh duoc chinh xdc quy ludt cua
ap luc nudce tang thém tdc dung 1én cong trinh
c6 kich thuée xac dinh do tac dung cua dong dat

ma phuong phap truyén théng khong thé danh

gia dugc.
3 . Centro (a,)-FSI
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Hinh 4.2. Biéu do thé hién su thay doi
ap luc nuoc theo do sau Z(m)
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4.7. Phan tich ing suit thin mang

4.7.1. Ung sudt l6n nhit

Bang tong hop tng suit nguy hiém cta két cdu
mang theo cic phuong duoc théng ké trong Bang
2 véi ung suat chiung kién tang tir 5% dén gan
18% cho c4 hai truong hop phuong anh hudng ctia
dong dat.

Bing 2. Bing tong hop ng suit ciia két cAu cau mang theo cac phuwong ting thém do dong dat

Phuong ['fng suit (kN/m?)
rung chin P1 P2 P3
(Centro) Max(+) Min(-) Max(+) Min(-) Max(+) Min(-)
7y 1231.19 1087.145 413.12 311.01 248.191 204.961
(6.9%) (5.12%) (17.8%) (10.6%) (10.44%) (7.59%)
7 1210.13 1122.354 386.06 320.138 242.161 211.347
(5.09%) (2.05%) (9.62%) (8.01%) (7.76%) (4.72%)
Tinh 1151.457 114591 352.178 348.021 224.721 221.813
MAXIMUM
& 556356.
NODE 2663 (5710150
1 MIMIMUM
* -1554013.
MODE 285 {-1581658.)
I‘x; It .
TS SMOQTHED
i SIGMAP3
RST CALC
_ TIME 10.00
g 450000-
— 150000.
S |
= -750000-
-1050000.
F - 1350000,
Hinh 4.3. Ung sudt P3 doc mdang va trén mdt cat khung gidang
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Phan tich (mg suit 16n nhat theo cac phuong,
dbi voi truong hop dong dat tac dung theo phuong
ZY ¢6 tri s6 16n nhat va tng suét cuc bo chi yéu
tap trung tai cac goc. Mo hinh thé hién tng suét
doc mang theo phuong Z (P3) dugc thé hién trén
hinh Hinh 4.3 va tng suét tai mat cit khung giang
cho thiy rd vi tri cta Ung sudt tip trung xung
quanh cac géc ban day vdoi vach va doc thanh
gidng trén dinh mang.

4.7.2. Phén tich trng suit theo thoi gian
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Hinh 4.4. Ung sudt thay doi theo phwong PI, P2, P3

Phan tich tng suit ctia két cau theo thoi gian
dugc phén tich trén phin tr EL.9080 nam tai goc
ban day v6i vach trén mat cat giira nhip ciu mang
theo cac phuong truc X (P1); truc Y (P2) va truc Z
(P3), két qua thu duogc thé hién trén cac biéu do
Hinh 4.4

Tir cac biéu dd thé hién sy thay d6i tng suit
theo thoi gian, ddi v6i truong hop rung chian dong
dat tac dung mg sudt ctia két cdu thay d6i lién tuc
theo thoi gian. Ung suit dat max va minh lan luot
tai thoi diém 2.12(s) va 7.42(s) voi do tré pha 0.08
(s) voi thoi gian gia téc dong dat 1a 16n nhat 3
m/s va nho nhit 0.0018 m’/s. Piéu nay ching
minh su bién thién cta tng suat ty 1é thuan véi gia
tri cua gia toc dong dat tac dung va do climg cua
méng anh hudng rat 16n dén do tré pha cua két cau
so v6i gia tbc dong dat.

4.8. Chuyén vi thin mang

4.8.1 Chuyén vi I6n nhit tai 1 thoi diém

Tién hanh hién thi tri s chuyén vi 16n nhét
trong cac truong hop khac nhau, két qua thu duoc

Niit 8361 dat chuyén vi 16n nhat trong cac trudng
hop rung chan dong dit az, U, = 1.05mm, theo ca
phuong dung va phuong ngang , U, = 1.001 mm
va trong diéu kién binh thuong U, = 0.943 mm.
Két qua nay hop 1y boi khi rung chan tac dung
theo chi mdt phuong dung s€ cé kha nang giy ra
chuyén vi 16n nhét cho két ciu.
4.8.2 Phén tich chuyén vi theo thoi gian

CHUYEN VI (N.8361)
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Hinh 4.5. Biéu d6 chuyén vi theo thoi gian

Tién hanh phan tich chuyén vi ctia két ciu theo
thoi gian tai vi tri c6 chuyén vi 1én nhat N.8361
trén ban day dugc thé hién trén Hinh 4.5. Tir biéu
dd nhan thay tri s chuyén vi thay déi lién tuc theo
thoi gian trong qua trinh lam viéc, dac biét trong
truong hop két cdu chiu tac dung ciia rung chan
dong dat.

5. KET LUAN

(1) Phwong phap FSI dua ra két qud chinh
xde, truc quan vé sy thay d6i (ng suat bién
dang cua két cdu theo thoi gian khi twong tac
truc tiép voi khdi nudc trong didu kién tai
trong dong ma phuong phap truyén thdng
khong thé phin tich dwoc.

(2) Bing viéc tim ra quy ludt bac 3 biéu do
tang thém ap luc nudc do dong dat giup cho cong
tac thiét ké, kiém tra su tac dong anh huong cua
dong dat dugc cu thé va rd rang hon cho tung
vung nghién ctru.

(3) Phwong phap moi (FSI) tuong tac gitra
khdi nuéc va két cdu nén dwoc xem xét thay thé
cho phwong phdp gdn tdi truyén théng dp dung
cho cong trinh thuy lgi. Dac biét phuong phap
nay rat hiéu qua trong viéc phén tich, nghién ctru
cac két chu phuc tap khi tuong tac truc tiép véi
khdi nudce nhu két cAu cua van, tran qua dip bé
tong trong luc hay cira lay nwdc vao nha mdy
thiiy dign, thap van cong ngam...
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Abstract:
ANALYSIS ON COUPLING SYSTEM OF FLUIDS AND
AQUEDUCT WATER BRIDGE BASE ON FSI METHOD

The analysis fluid structure interaction (FSI) have been attracted many researchers in the recent years.
FSI method becomes a crucial consideration in the design and analysis of various engineering field.
FSI allow to replaces the traditional method of assign load on structure by the way that the block of
water can act directly on structure over time. However, the coordination of FSI is a difficult problem
since the coordinate system which used in describing block of water and the structure is not uniform. In
this research using FSI method with a help of ADINA software to solve the problem of fluid and
aqueduct interaction for obtained the displacement and stress of structure duration time of earthquake.
Due to the influence of earthquake motivation, the static traditional analytical method cannot
accurately simulation thus more attention is paid to the FSI method. Other important task of this study
is the characteristic of hydrodynamic pressure of flow influence by earthquake can be simplified in
expression as mathematical equation based on the relationship of the water depth, the acceleration. The
research of FSI can further apply on dynamic response of water resource such the spin-way or dam,
turbine in the hydropower.

Keywords: FSI (Fluid and Structure Interaction); Aqueduct water bridge; Earth-quake.
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