KET QUA NGHIEN CUU VA UNG DUNG

ANH HUONG CUA TAI TRONG SONG TROI DAT
TAN SO THAP PEN KHA NANG CHIU LUC CUA HE THONG
DAY NEO XIEN CUA CONG TRINH BIEN NOI

Nguyén Quéc Hoa'

Tém tat: Luc tréi dat tan s thap do séng bac 2 géy ra cé tan sé thdp hon nhiéu so
VGi tn sb séng, thuong gay nén céc chuyén vi ngang Ién. Bai viét nay trinh bay va
so sanh két qua nghién ctru tinh todn hé théng neo dang turret ctia céng trinh néi
bang bd 2 phdn mém Hydrostar va Ariane7 clia Céng ty Bureau Veritas-Céng hoa
Phép c6 xét dén dnh hudng cla tai trong tréi dat tan sé thép.
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Summary: Low frequency drift forces have second-order wave effects with
frequencies lower than the frequency of the waves and often cause large horizontal
displacements. This paper presents and compares the calculated results of the
turret mooring system of floating structures by using two softwares: the Hydrostar

and Ariane7 of Company Bureau Veritas - Republic French, taking into account the
effect of the low-frequency drift force.
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1. M& dau

Céng trinh bién ndi cé neo gilr dang neo xién dwoc si dung réng rai trong cdng nghiép
d&u khi bién 1am bé chra ndi, cong trinh khoan thdm do va khoan khai thac. Lién két day neo la
lién két mém, do d6 dé gidm thiéu chuyén déng cla cong trinh ndi do séng gay ra, cong trinh
ndi duoc thiét ké sao cho chu ky dao déng tw do cla chung ndm cach xa mién tan sé cla lwc
kich ddng do séng va gid.

Can clr vao tan sb cua tai trong tac dong 1&én cong trinh ndi dwoc phan chia thanh cac
loai sau:

- Tai trong c6 gia tri dwoc coi nhw khong thay di theo thoi gian nhu tai trong cla gid,
dong chay va lyc song troi dat;

- Tai trong séng (lwc thdy dong) thay déi theo chu ky, bao gém:

+ Tai trong tan sb thap hay tai trong tréi dat tan sé thap (c6 anh huwéng Ién dbi véi cong
trinh ndi neo xién - la loai cong trinh c6 lién két mém), [12].

+ Tai trong tan sb cao (cé anh hwéng Ién dbi véi cong trinh ndi neo ding), [12].

+ Tai trong tac dong & tan sb song.

Céc tinh toan cong trinh chiu tac dong cua tai trong séng bac 1 cho thay cong trinh cé thé
dam bao vé kha nang chiu lwc, [4, 3]. Céac tai trong séng bac cao méc du c6 gia tri khéng 16n so
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véi tai trong séng bac 1, nhwng do tac dung cham (v&i tAn sb thp) hodc nhanh (v&i tan sb cao)
c6 thé gay nén sy cong hwéng lam anh huédng dén khai thac cong trinh.

D4 c6 nhiéu nghién ciru xac dinh tai trong séng tan sb thp va tai trong séng tréi dat.
Newman va Maruo da dwa ra cong thirc tinh toan tai trong song tréi dat trung binh (ly thuyét
trwong xa), [2,12]. Pinkster va Van Oortmerssen dwa ra cong thirc tich phan truc tiép ap luc
séng trén bé mat wét cong trinh ndi (phwong phap trwerng gan), [15, 19]. Khac phuc nhirng tén
tai clia 2 phwong phap trén, Xiao-Bo CHEN da dé xuét phwong phap truwéng trung gian va tng
dung thanh céng trong phan mém Hydrostar va Ariane7, [4, 5, 6, 20].

Bai viét nay trinh bay va so sanh két qua nghién ctu tinh toan hé thdng neo dang turret
cla cong trinh néi bang bd 2 phan mém Hydrostar va Ariane7 ctia Cong ty Bureau Veritas-
Coéng hoa Phap c6 xét dén anh hwéng cla tai trong troi dat tan sb thap.

2. Bai toan twong tac dong lwc hoc cuia coéng trinh bién nbi cé neo gilr va séng bién

2.1 Phwong trinh déng lwc hoc céng trinh néi ¢6 neo giir

Gia thiét rang cong trinh ndi tuyét déi cirng, khi d6 co6 thé coi cong trinh ndi c6 6 bac tw
do. Phuong trinh déng lwc hoc cdng trinh ndi ¢é neo gilr chiu tac ddng clia séng cé dang téng
quat sau [9]:

+ l:slowdrift + I:mooring = F(t) (1)

2
m3YO e dL;t(t) +KU(t) =F,

2 avefre
dt K

trong d6: M - ma tran quan tinh cta cong trinh ndi; C - ma tran hé sé lwc can trong cua két cau
cong trinh ndi; K - ma tran lwc phuc hdi thay tinh; U(t) - véc to chuyén vi ctia cong trinh ndi theo
6 bac tw do.

F

wavefreq - tal trong song tac dong lén cong trinh ndi v&i tan so séng

F

wavefreq

=F+FK +K (2)

voi F - tai trong song tdi; Fy - tai trong séng nhiéu xa; F; - tai trong séng birc xa.

Foowarir - téi trong séng tréi dat cham
Fooring - W€ gilk clia day neo

2.2 T&i trong séng tdc dung Ién céng trinh néi c¢6 neo giir

Tai trong thiy dong F(t) tac dung 1én cong trinh ndi bao gdm tai trong séng bac 1, F (1),
va tai trong song bac 2, F® (t) tac dung Ién céng trinh ndi twong tng véi 6 bac ty do dwoc xac
dinh theo ly thuyét ham thé, [2, 3, 4, 8, 13, 18] cho trwdng hop séng don tan va séng da tan.

2.2.1 Trwong hop séng don tan (monochromatic wave):

- Tai trong séng bac 1:
trong d6 F,(l) (1), FS) (1), Fél) (t) - twong &ng la tai trong do séng t&i, séng nhiéu xa va song
blrc xa, dwoc xac dinh theo cong thire sau:
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“‘ (DEJI-)DR)](Xth) n.ds i=1,2,3
J el ]
Fi.ry (1) = (3)
(I,D,R)j
(I aq)g?f"ml(x’y’z’t)(rxn) ds j=4,5,6
SB a‘t J ) )

Vi S - mat wot 14y cho trang thai cong trinh ndi nam trén nuwoc tinh. j=1-+6 - chi s6 cac dang
dao dong lac theo 6 bac tw do cuia cong trinh néi (j=1+3 twong (ng véi cac chuyén vi doc
truc ox, oy va oz, j=4+6 twong (rng v&i cac chuyén vi xoay quanh céc truc ox, oy va oz);

r - ban kinh véc to' cla diém xét ndm trén mét wét Sg so véi gbe toa do tinh toan; N, - cosin chi

phwong twong &ng véi 6 bac tw do clia cong trinh noi. CDED - ham thé van téc song bac 1.
OO (x,y,2,t) =D (X, Y, 2, ) + DY (X,y,2,1) + DY (X,y,7,1) (4)

trong do d)fjl)(x,y,z,t), (D(l) (x,y,2,t), d)%)(x,y,z,t)— twong (ng 1a ham thé van téc song
t&i, song nhiéu xa va séng bwrc xa.

- Tai trong séng bac 2: Tai trong sdng bac 2 gébm cac thanh phan sau:
F& (1) = RS () + R (1) = F2 (1) + B2 () + R (1) (5)
trong do cac véc to B2 (t), F?(t) - twong wng la tai trong song kich dong bac 2, tai trong
song birc xa bac 2.

Tai trong séng kich dong bac 2, Féf() (t) (gbm tai trong song tdi va séng nhiéu xa) xac
dinh theo cbng thirc sau:

FR (1) =F2 () +F2(t) 6)

trong d6 Frfz) (t) va Fq(z) (t) - 1a céc Iwc sinh ra tir thé van toc song bac 2 va tich toan phwong

clia thé séng bac 1.

Céc tai trong song bac 2, Frfz) (t)va Fq(z) (t) , dwoc xac dinh theo cac cong thirc sau:

Fp(2> (t)= —p” aq;t(z) nds (7)
Sg
RO () = - ﬂ[ (VOO +(U% +00 x r)%(vqﬂl’)}nds

+—= pg '[ [ W _ él) + yocf) Xagl) )} Ndl +oc§1) x F® (8)

—pgAW[ O (xa +y08) [k
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trong @ N - Ia chidu cao song bac 1, N- véc to phap tuyén mat wot cong trinh ndi;
N=n/ (1-n2) , k - véc to don vi theo huéng z. WL - chu tuyén dwong mat nwoc than cong
trinh ni; A, - dién tich mat duong nuéc; &;, o - cac chuyén vi lac ctia cong trinh nbi;

2.2.2 Truong hop séng luéng tan (bi-chromatic wave):

Trwdng hop séng lwdng tan, lwc séng kich ddng bac 2 cé dang sau:

2 2 . X o
Y =Re) Y | AAfEe™ +AAfe™" ] ©)
=1 k=1
voi  fi=fi +fl (10)

trong do fji la ham truyén bac 2 (QTF - Quadratic Transfer Function) ctia lwc séng kich déng
ddi (rng voi tong va hiéu clia cac tan so séng. A; va A, la bién do song. Dau “+” biéu thi so
phirc lién hop.

Cac luwc bac 2, Fp(z) (t) va Fq(z) (t), dwoc xac dinh theo ly thuyét treong xa clia Maruo va
Newman, [2, 12], ttrc 1& xét v&i bién chat 1dng bao quanh va nam rat xa cong trinh ndi
ho&c ly thuyét triedng gan cla Pinkster va van Oortmerssen, [15, 19], bang phép tich phan truc
tiép trén bién mat wdt cta than cong trinh ndi tiép xuc vai chét 16ng.

Tai trong song blrc xa bac 1, FS) (t) va bac 2, FF(f) (t) dwoc biéu dién thong qua ma tran
khéi lwong nwéc kém va ma tran hé sé lwc can, [2, 12, 15, 18, 19].

2.2.3 Truong hop séng ngéu nhién

Séng ngau nhién thwdng duoc biéu dién dwédi dang phd séng. Trong tinh toan cong trinh
ndi cé neo gil do tinh chéat phi tuyén clia bai toan (do chuyén déng ctia séng bé mat va chuyén

déng cua cong trinh ndi) phd séng dwoc phan tich thanh tap hop cac séng co ban dang séng
Airy dang v6 hwdng, theo céng thirc sau:

N N _
n(x,t) = ZAJ cos(k X —o;t+¢g;) = RG{ZAje'(ijwJ’tﬂj)} (11)

=) i
trong do bién d6 song A, =,/2S (®;).A®, Ao - sb gia tan sb goc clia song, N - s6 lwong
song thanh phan; K;, o, €, - trong (rng la s6 song, tan s goc va pha ngéu nhién clia con
song thir j.

Viéc tinh toan (11) dwoc thye hién theo phwong phap tich phan nhanh Furié.
3.RGiGi thiéu phan mém HydroStar va ARIANE7 tinh toan déng Iwc hoc cong trinh bién
néi cé neo giir

Hai phan mém Hydrostar va Ariane 7 1a bé phan mém chuyén dung clia Cong ty Bureau
Veritas - Cong hoa Phap cho phép tinh toan twong tac thdy déng clia cac yéu to mdi trwdng

bién va cong trinh ndi, tinh toan hé thdng day neo cho cac cong trinh ndi neo xién & dd sau
nuwéc khong veot qua 450m, [4, 5, 6, 7].
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- Két qua tinh toan thiy déng céng trinh ndi bang Hydrostar cho céac théng tin sau:

+ Chuyén dong cla trong tam vat thé, ap lwc Ién cac diém cin xem xét ndm mat wét than
cong trinh ndi, lwc twong tac bac 1 va bac 2, khdi lwong nwéc kém va luc can thiy dong dudi
tac déng cla song co6 chiéu cao don vi theo cac huéng séng tinh toan da chon dwdi dang file
RAO (Response Amplitude Operator - toan tt bién d6 phan (ng, hay ham truyén phan &ng bac
1) va do thi;

+ Cac file lam sb liéu dau vao cho phan mém Ariane phuc vu tinh toan kha néng lam viéc
ctia hé thdng neo gitr gdm ma tran khéi lwong nwéc kém, RAO, ham truyén tai trong bac 2
(QTF).

- Phdn mém ARIANE 7 cho phép lwa chon loai tinh toan (Calculation type) va loai tai
trong tr6i dat cham (Drift type definition) [6], sau:

3.1 Loai tinh toan

- Tan s6 thép (Low frequency): loai hinh tinh toan nay cho phép ngudi st dung thyc hién
mo phdng hai chiéu. Day la loai mdé phdng sé sl dung cac ham truyén bac 2 (QTFO hodc
QTFO+QTF1) dwoc khai bao trong muc trwong hop tai trong, tuy thuéc vao loai tinh toan troi
dat cham dwoc lwa chon;

- 3D tan sé thap + Tan s6 séng (3D Low + Wave freq.): loai hinh tinh toan nay cho phép
ngwdi st dung dé thuc hién mot mé phéng ba chiéu. Day Ia loai mé phdng st dung c& ham
truyén bac 2 (QTF) va toan t& bién d6 phan ng (RAO) dwoc khai bao trong muc trwéng hop
tai trong, cung v&i lwc cang trong day neo theo phuwong dirng.

- Chuyén déng cuéng burc (Imposed motions): loai hinh tinh toan nay chi st dung céac
chuyén dong cuéng blrc cla tau dwoc ngudi st dung khai, va lwc cing trong day neo twong
(ng v&i cac chuyén dong cuéng birc do clia tau sé duoc tinh toan.

3.2 Cac phwong an tinh todn tai trong tréi dat cham (Drift type definition):

- Khéng c6 téi trong séng tén sbé thdp (No low frequency wave loads): Trwdng hop nay
khong xét dén tai trong tn sb thap. Tuy nhién, néu chon loai tinh toan “3D Low+ Wave freq.” thi
chwong trinh sé xét dén cac chuyén déng véi tan sé séng.

- Phuong phép xéap xi Newman (Newman approximation): phwong phap nay chi tinh toan
tai trong tréi dat cham trung binh do séng tac dong Ién tau twong ng véi sé hang xap xi bac
khong, tirc la chi xét cac sb hang nam trén dwong chéo clia ma tran ctia ham truyén bac hai
(QTFO).

- Phuong phép xép xi cia Bureau Veritas (BV approximation): phwong phap nay tinh
toan tai trong tréi dat cham véi ham truyén bac hai (QTFO + QTF1) ké dén cac sb hang xap xi
bac 1 khéng nam trén dwéng chéo clia ma tran ctia ham QTF ap dung cho tau theo phuwong
phap x&p xi cla Bureau Veritas. Cong thirc nay danh cho cac hé théng neo mém & d6 sau
nwéc bat ky;

Phwong phap xap xi cla Bureau Veritas (phwong phap mién trung gian) do Xiao-Bo
CHEN xay dwng nam 2004, [5, 20].

Tuy chon loai tinh toan (Calculation type) va loai tai trong tréi dat cham (Drift type
definition) sé cho 3 trwd'ng hep tinh toan sau:

- Trwéng hop tinh toan No1: Tan sb thdp va khéng cé tai trong tAn sb thdp (Low
Frequency + No Low Frequency Load). Lwa chon nay cho phép tinh toan hé théng neo chiu tac
dung cua tai trong tan sb séng (tai trong bac 1) ;

TAP CHI KHOA HOC CONG NGHE XAY DUNG SO 14/12-2012 63



KET QUA NGHIEN CUU VA UNG DUNG

- Trwong hop tinh todn No2: 3D Low + WF va Newman Approximation. Lwa chon nay
cho phép tinh toan hé théng neo chiu tac dung cla tai trong séng trdi dat trung binh theo xap xi
Newman, ttrc 1a chi xét dén cac sb6 hang nam trén dwdng chéo clia ma tran ham truyén bac 2
QTF.

- Trwedng hop tinh todn No3 : 3D Low + BV Approximation. Lwa chon nay cho phép tinh
toan hé thdng neo chiu tac dung cla tai trong séng tan sb thap cé xét dén QTFO va QTF1 theo
phwong phap xap xi ciia Bureau Veritas.

3.3 Phwong phdp giai bai toan twong tac thlly dong gitra cong trinh ndi cé neo gil va
cac yéu td moi trudng bién 1a phwong phap twa dong, [7].

4. Vi du tinh toan

Anh huwéng cla lwc troi dat tan sb thAp dén lwc cang trong day neo ctia mét cong trinh
ndi c6 neo gilr dwo'c xem xét théng qua vi du tinh toan hé théng day neo ctia FPSO (Floating
Production Storage Offloading Systems) dang Turret - mét kho ndi dé chira dwng, x& ly va rét
dau trén bién tai mé Té Giac Trang, thém luc dia Nam Viét Nam cho truéng hop céng trinh
nguyén ven (khéng cé day neo bj diet)..

- Phan mém HydroStar dwoc sir dung dé tinh toan tac dong ctia séng 1&én cong trinh néi
dé chuan bij s6 lieu dau vao cho viéc tinh toan hé thdng neo gilr ctia cong trinh ndi c6 neo giir,
gdm ma tran khéi lwong nwéc kém, ma tran hé sb lwc can, cac ham truyén tai trong bac 1
(RAO) va cac ham truyén bac 2 (QTF).

- Phdn mém ARIANE 7 duwoc st dung dé tinh toan va kiém tra khd ndng lam viéc clta hé
théng dwérng day neo cla cdng trinh ndi cé neo gilr cho 3 trwdng hop tinh toan da néu trén
(muc 3).

Céc thong sé tinh toan gém co:

4.1 Céc théng sé co ban cia FPSO mé Té Gidc Trang

Chiéu dai Ion nhét: Lmax = 274 m
Chiéu dai tinh toan: Lop =264 m
Chiéu rong tau: B=48m
Chiéu cao man tau: H=239m
Mén nuwéc: T=16m
Lwong choan nuwoc: D=169789T
Van tbc chuyén déng cla tau: Viauw = 0,0 m/s

4.2 Sé liéu moéi trwong bién
4.2.1 Théng sé cla séng
- Phd séng tinh toan 1a phd JONSWAP cé cac théng sb sau :

+ Chiéu cao séng dang ké : H, =10,0m

+ Chu ky dinh phd : T, =16,0s

+ Hé s6 clia phd séng : y=145; 0,=0,092 ; 5, =0,102
Hwéng séng chi dao : Péng - Bac
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- Dai tAn s6 soéng tinh toan :

+ Tan s6 nhé nhét : ®,, = 0,2 rad/s
+ Tan s6 1on nhét : O, = 1,3 rad/s
+ Budc tinh toan : A® = 0,05 rad/s

- Huéng séng tinh toan (so v&i truc doc tau): tAt cd cac huéng séng theo quy wéc cla

phan mém Hydrostar, v&i bwéc chia cac hwéng song tinh toan 1a 10° moét bwde.

4.2.2 Théng sé cua gi6

- Van tbc gi6 trung binh : Vi = 40,3 m/s

- Phd gi6 : phd gi6 lay theo quy pham API

+ Céc théng sb dong chay : Van toc dong chay mat : Vmat = 1,27 m/s
4.2.3 Théng sé cua thay triéu :

- Bién d thay triéu : +2.82m

4.2.4 D6 séu va mat do nuée bién

- D6 sau nwéc bién tai vi tri xay dwng:  d = 42,60m

- Méat d6 nwéc bién : p =1,025t/m*

4.3 Céc théng sé cua xich neo :

- S lwgng neo : 12 neo, dwoc b tri thanh 4 cum (Hinh 1)

- S6 lwong day neo : 12 day neo dugc bé tri thanh 4 cum, méi cum gdm 3 day, (Hinh 1).
- Loai day neo dwoc slr dung : day xich loai cé ngang.

+ Méac xich : R3 Studlink

+ Duwdng kinh day xich :  175mm

+ Luc kéo duet t6i thiéu : 25174 kN

Cac day neo dwoc danh sb thir tw tir 1 dén 12 (3 day neo/1 cum) nhw sau :

Cum Sé hiéu day neo Ghi chu

No1 1-2-3 N&m trong géc phan 4 th 3 gitra hwéng Tay va Nam
No2 4-5-6 Nam trong géc phan 4 the 4 gitra hwéng Dong va Nam
No3 7-8-9 Nam trong géc phan 4 thi 1 gitra hwéng Bong va Béc
No4 10-11-12 Nam trong géc phan 4 thi 2 gitra hwéng Tay va Béc

- Céc t6 hop séng - gio - dong chay : Hwéng sdng tinh toan dwoc chon 1a hwéng Déng-

Béc (45°). Theo huéng dan ctia muc 3.1.3, [5], t& hop cac huwéng song - gi6 - dong chdy theo
cac hwéng 45°, 45°-22,5° va 45°+22,5° sé c6 135 trwdng hop tinh toan cho mét trang thai bién
ngén han trong 3 gi¢ twong &ng véi 01 con bao.
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Hinh 1. Bé tri neo va déy neo ctia FPSO md Té Giac Trdng

Két qua tinh toan cho thay lwc cang trong day neo sé No7 dat gia tri I&n nhat. Twong (rng
v&i 3 tredng hop tinh toan da chon lwc cang trong day neo No7 nhw sau:

Trwdng hop tinh toan No1 No2 No3
Lwc cang trong day neo (kN) 11454 13362 14120
Lwc kéo dut tdi thiéu (kN) 25174 25174 25174
Hé s6 an toan 2,20 1,88 1,78
Ty 1é tang cla lwc cang (%) so véi trrong hop No1 - 16,7 23,3
Ty lé gidm cla hé sbé an toan cta day neo (%) - 14,3 18,9

Nhan xét két qua tinh toan

O vi du dang xét, két qua tinh toan clia phan mém Ariane 7 cho thay, & day neo chiu luc
I&n nhat, so v&i trweng hop chi xét dén tai trong séng theo tan sb séng (tai trong séng bac 1)
khi xét dén tai trong séng trdi dat trung binh thi lwc cang trong day neo ting 16,66% va hé sbé
an toan giam 14,3%. Khi xét dén ca tai trong séng bac 2 theo xap xi ctia Bureau Veritas thi luc
cang trong day neo tang 23,27% va hé s an toan cla day neo gidm 18,88%.
5. Két luan

Két qua tinh toan bang bé phan mém Hydrostar va Ariane7 cho thay rang tai trong séng
tréi dat cham - séng bac cao cé &nh hwdng dang k& dén kha nang chiu lwc cta hé théng neo
gitr céng trinh ndi. Vi vay, trong thiét k& hé théng neo xién can cé nhirng gidi phap ky thuat dé
gidm thiéu anh huéng cla tac dong séng lén cong trinh.
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