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NGHIEN CUU ANH HUONG CUA DO SAU NUOC

DEN MO MEN UON DOC VA LUC CAT DO SONG
CUA KHO CHUA NOI

Nguyén Quéc Hoa'

Tém tat: Kho chira néi duoc sty dung réng réi va hiéu qué trong khai thac déu khi bién & céc mé déu ving
nuéc sau ciing nhw nwée néng, dac biét trong truromg hop can duwa nhanh céc mé vao khai thac va & nhiing
noi viéc xay dung duwong éng dén dau kho thyre hién hodc khong kinh té. Bai bao nay trinh bay két qua tinh
toén khéo sét dnh huéng clia do séu nuwée dén lure cat theo phurong ding F, va mémen uén doc M, do séng
tac dung 1én két cau than kho chira néi dang tau [2], bang phan mém Hydrostar [3], la nhitng théng sé can
thiét cho viéc tinh toan dé bén cta két cau céng trinh theo Quy chuén Viét Nam QCVN21:2010/BGTVT [1]
va quipham DnV [6].

Tirkhéa: do sau nudc, luc cdt do séng, mé men ubn doc do séng, kho chira néi.

Summary: Floating storage system is used widely and effectively in the offshore petroleum exploitation in
deepwater oil fields as well as shallow water, especially in case of need to quickly set mining and where the
oil pipeline construction is difficult or uneconomical. This article presents the results of calculations
investigated the effect of water depth to the wave vertical shear force Fz and longitudinal bending moment
My acting on the floating storage structure of vessel type [2], by Hydrostar software [3], and being necessary
for calculating the durability of floating structures following Vietnam Regulations QCVN21: 2010/BGTVT [1]
and DnV Regulation [6].

Keywords: water depth, wave induced vertical shear force, wave induced longitudinal bending moment,
floating storage system.

(® 1.medau

Kho chira ndi co hai loai la FSO (Floating Storage and Offloading System - hé théng ndi dé chira
dwng va xuét dau) va FPSO (Floating Production Storage and Offloading System - hé théng néi dé ché
bién, chiva dwng va xuat dau). Kho chira ndi dwoc str dung rdng rai va hiéu qua trong khai thac dau khi bién
& cac md dau vung nwéc sau cling nhw nwéc néng, dac biét trong tredng hop can dwa nhanh cac mé vao
khaithac va & nhirng noi viéc xay dwng dweng 6ng dan dau kho thue hién hoac khéng kinh té.

DPé dam bao an toan cho céng trinh ndi trong qua trinh khai thac can xac dinh chinh xéac tai trong cla
séng bién |én céng trinh trong thiét ké cling nhw qui hoach khai thac & cac khu vure ¢ do sau nwée khac
nhau. Khi d6 sau nudc thay ddi thi cac dac trng clia cac yéu td song thay dbi dan dén sy thay ddi tai trong
clia song bién [8, 9]. Tuy nhién, trong quy chuan Viét Nam QCVN21:2010/BGTVT [1] va tiéu chuan thiét ké
cla Bang kiém Nauy DnV [6] khéng xem xét dén sw thay dbi cla d6 sau nwde khai thac céng trinh trong
tinh toan tai trong do séng. Dwdi day sé trinh bay cac tinh toan khdo sat anh hwéng cla do sau nwédc dén
lwc cat va mé men udn doc do séng tac dung 1&n két cu than kho chiva ndi dang tau phuc vu cho viéc tinh
toan va quy hoach kho chira néi trong khai thac dau khi véi sw tror gitp clia chwong trinh phdn mém chuyén
dung Hydrostar [3].

'TS, Vién Xay dung Céng trinh Bién. Truong Bai hoc Xay dung. E-mail: nghoa2004@gmail.com

G SO 16

TAP CHI KHOA HOC CONG NGHE XAYDU’N T

75




KET QUA NGHIEN CUU VA UNG DUNG

2. Khao satanh hwéng clia dd sau nwéc dén lwe cat va mémen udn cia cong trinh noi
2.1. Phan mém tinh toan

Chuwong trinh tinh toan HYDROSTAR cua Bureau Veritas - Cong hoa Phap s dung phwong phap
phan i bién dé tinh toan tai trong séng bac 1 (tai trong tan sé séng) va bac 2 (tai trong séng tan sé thap) tac
dung I&n cong trinh ndi va giai bai toan dao déng ciia céng trinh ndi dwéi tac dung cla tai trong song. Két
qua tinh toan clia chwong trinh HYDROSTAR la cac ham truyén RAO (hay con dwoc goi la ham truyén
phan ¢rng don vi) la phan (rng clia cdng trinh ndi dwdi tac dung ciia song cé bién dd don vi. Cac ham truyén
RAO do HydroStar tinh toan dwoc sir dung lam déu vao cho cac chuong trinh ARIANE [4], gidi quyét cac
bai toan lién quan dén céng trinh c6 neo gitk va lam dau vao cho mét sé chwong trinh tinh toan khac cla
Bureau Veritas - Céng hda Phap. Phuong phap phan ti bién dwoe siv dung trong HYDROSTAR dé tinh
toan lwc troi dat theo 3 1y thuyét sau [9, 10]: Ly thuyét treérng gan ciia Pinkster (near field method), Ly thuyét
trwéng xa clia Maruo-Newman (far field method), Ly thuyét truwérng trung gian ctia X.B. Chen (middle-field
method). Theo Iy thuyét treéng gan clia Pinkster, cac tinh toan dwoc thue hién trén bién wét cla cdng trinh
ndi tiép xtc voi chét 16ng. Trong ly thuyét truéng xa clia Maruo-Newman, bién tinh toan tri ra toi xa vé
cling. Theo ly thuyét trvérng trung gian ciia X.B. Chen, cac tinh toan dwoc thye hién trén bién trung gian bao
quanh cong trinh noi.

Chuwong trinh phdn mém Hydrostar khuyén céo khi tinh toan céng trinh ndi trong viing nuwéc néng
phwong phap trwérng xa khéng cho phép tinh toan luc tréi dat theo phuong dirng va tai trong tréi dat tan sé
thép [3]). Bai viét nay st dung chwong trinh phan mém Hydrostar dé khao sat &nh hwéng clia dé sau nudc
dén hai thanh phan taitrong séng bac 1 1a luc cét theo phwong dirng va mémen ubn doc My (Hinh 1).

2.2. Vidu va két qua tinh toan

Cactinh toan khao sat anh huéng ciia d6 sau nwéc dén lyc cat theo phwong dirng F, va mémen udn
doc M, do song tac dung |&n két cau than kho chira ndi dang tau dwec thwe hién bang phan mém Hydrostar
[3], dbi véi tau chira du (FSO) Ba Vi - 1a cdng trinh ndi da dwoc stk dung lam kho chira ndi phuc vu khaithac
dAu khi & mé Bach Hé - Viét Nam c6 cac théng s chinh sau day:

Chiéu daiténg thé (Over Length): L =28550m

Chiéu daitinh toan (Length perpendicular): Lpp=275,70m

Chiéu réng (Breadth): B =4420m

Chiéu cao man (Heigth): H =2240m

Lwong chiém nwéc (& mén nwdc day hang) D =176500t

Mé&n nwde (Draught) :

-Day hang (mén nuwde thiét ké): T =17,15m.

- Khéng hang (c6 dén ballast): T, = 8,55m.

Hé sb béo thé tich: 5 =0,825

Hé s6 béo dwéng nwde: a =09

Trong tai (dead-weight) : DWT=154.000t

Sé lieu mai trweng (lay theo diéu kién mé Bach H6) dwoc str dung dé tinh toan gém cé chiéu cao
song dang ké Hs = 8,6m, chu ky dinh phé T = 13,5s va ph séng tinh toan 1a phd JONSWAP xac dinh
theo cdng thirc (1):

2
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voidaitansdsong 0,2 < <1,3 rad/s, bwéctinhtoan cha tin sé song Am = 0,05 rad/s dbi véi tat
ca cac hudng séng so v&i truc doc ox cla than tau theo budc chia cac hwdng tinh toan 1a 10° mét bwéc (0°,
109,...180°, 1909, ...), (Hinh 1va 2).

Céc tinh toan dugre thye hién cho trieorng ho'p tau dau Ba Vi chiva ddy hang l1a treéng hop xép hang
co ban clia tau ché dau [1], & 8 dd sAu nudc gdbm 25, 50, 75, 100, 125, 150, 175 va 200 mét véi mat dd nwdc
bién p =1025 kg/m3.

Trong tinh toan gia thiét ring sé liéu méi trerng va dang phd séng & cac dd sau nuwdc tinh toan la
nhw nhau.

ns3

Hinh 1. Quy udc hé truc toa do két cau than tau va céac chuyén vj lic
nt- chuyén vi truvgt doc ; Mz - chuyén vi truot ngang; mns - chuyén vi lac ding ; N4 - chuyén vi lac
ngang ; s - chuyén vilac doc ; sn- chuyén vi xoay quanh truc dirng.
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Hinh 2. Huéng séng so voi hé truc than tau

Cac ham truyén RAO (Response Amplitude Operator) cla lwc cat Fz va va mémen ubn doc My do
chwong trinh phan mém HydroStar dwa ra (rng v&i dd sau nwéc cho trwrde va (rng véi tirng tn sé va hwéng
song tinh toan cho 40 mét cat theo chiéu dai tau tinh tir dudi tau vé mi tau.

Dé khao sat anh hwéng clia do sau nudc dén tai trong song (mémen udn doc My va lyc cét Fz) tac
dung lén cong trinh noi, gia trj tai trong séng dwoc xac dinh dwa trén cac ham truydn RAO cuia My va clia Fz

va phé song da chon. V&i phd song Sna(®) cho trude va cac ham truyén RAO da tinh toan dwoc, phd tai
trong song Srr (®)dwec xac dinh theo cong thire (3):
2
Spe(@) =|RAO|"-S,, (@) (3)
O d6 sau nwdc tinh toan, phé tai trong séng Srr(m)duoc tinh toan theo dai tn sé va cac huéng
s6ng can khao sét.

Tai mot mét ct ngang trén chidu dai than tau, & mét do sau nwérc tinh toan, tai trong séng Fj (j) - sb
thir tw méat c&t ngang than tau) cé mdt ham truyén RAQ(j) trng véi dai tan sé tinh toan va cac hwéng séng
tinh toan. V&i mét hwdng séng va mét dd sau nude cho trude, tai mot mat cat ngang than tau, gia trj téi trong
song F; duwocxacdinhtheo cong thirc (4) :
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12

[S (@) dlo (4)
0

Tlr cac gié tri tai trong song tai cac mat ngang than tau xay dwng dwoc db thi clia tai trong séng thay
ddi theo chiéu dai tau cho tirng d6 sau nwée.

Trén hinh 3 va 4 1a ham truyén RAO cla lyc cat theo phuwong dirng Fz (N/m) va mé men uén doc My
(N.m/m) & d6 sau 75 mét nwéc thay ddi doc than tau.

Wave-induced load Fz along the ship hull

1e+007
Fz_f0 45.rao 0.0deg) Fz_f0 45 rao( 100.0deg)
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Distribution of wave-loads Fz at given fraquency (N/m)

55.1122. 9.08836e+006 Section X-coordinates along ship (m)

Hinh 3. RAO cla Luc cét Fz tai 40 mat cat doc theo chiéu dai tau Ba Vi, d=75m

Wave-induced load My along the ship hull
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My_f0.45.raof 100.0deg)
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145.080. 7.79374e+008 Bection X-coordinates along ship (m})

Hinh 4. Rao Mémen udn doc My doc theo chiéu dai tau Ba Vi, d=75m

Hinh 3 va 4 cho thay, & dé sau nwéc d = 75m khi tan sb song w = 0,45rad/s lyc cét theo
phwong dirng dat 2 gia tri I&n nhat & cac mat cat ngang nam & phia mi va dudi tau. O khu vire mii tau,
lwc cat Fz dat gia tri I&n nhét dbi véi hwéng séng 180° va & khu vwe dudi tau lwe cét Fz dat gia trilon
nhat ddi véi huéeng séng 0°. Mémen ubn doc My dat gia tri cwe dai tai mat cdt ndm & khoang githa tau.

Trén hinh 5+7 biéu di&n ham truyén RAO cua lyc cat theo phwong ding F= (N/m) tai mat cat
ngang s6 33 thay dbi theo tAn s6 séng & d6 sau 25, 50 va 75 mét nuéc. Luc cat Fz dat gia tri lén nhat &
3 d6 sau nay trong vung xung quanh tan s song @ = 0,4rad/s véi huwdng song . Khi tan sé séng tang
thi gia tri lwc cét dat gia tri 16n nhat & cac hwdng séng khac nhung nhé hon gia triluc cdt Fz & huédng
song 180°. Khi d6 sau nwée tang tir 25m lén 75m, tn sb song tai dé Fz dat gia trj Ién nhat cling ting
(tr @ ~0,35rad/s dén 0 =0,45rad/s). Tai 3 d6 sau nay Iyc cat Fz co gia trilén nhatkhid =25m.
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Wave-induced load Fz along the ship hull

1.6e+007
Fz_s33rao{ 0.0deg) Fz_s33.ra0( 100 0deg)
Fz_s33 rao 10 Odeg) - Fz_s33 raof 110 Odeg)
Fz_s33 a0 20 Odeg) Fz_s33 raof 120 Odeg)
49 N7Fz_s33rao( 30.0deg) 5 Fz_s33.ra0( 130.0deg)
1264007 | e 2 933 rao( 40.0deg) Fz_s33 rao( 140 Odeg)
L k Fz_s33.rao( 150 0deg)

ses007 Y of _$53 raq{ 60/0deg) Fz_s33.1a0( 160.0deg)
Fz_833ol 7C-0dep) Fz_s33 rao( 170 Odeg)
. Fz_s33 raof 180 Odeg)

1404007 [

804006 |

1
6a+006 |

Wave-loads Fz at given section (N/m)

4e+006 [

2e+006 T 2~

1.43723, 1.46099e+006 Wave frequency (rad’s)

Hinh 5. Rao clia Luc ct Fz theo tan sé séng, d=25m, tai mat cét 33

Wave-induced load Fz along the ship hull

1284007
Fz_s33 rao{ 0.0dsg) F2_533 rao( 100 Odeg)
| Fz_s33 rao{ 10 Odeg) Fz_s33 rao{ 110 0deg)
— wFz_533 ra{ 20 Odeg) Fz_533 rao{ 120 Odeg)
. Fa.s33rao( 30.0deg) Fz_s33.rao( 130.0deg)

%3 ra0( 40.0deg) Fz_s33 rao{ 140 Odeg)

| 753k 50 Odeg) F2_s33 rao{ 150 Odeg)
Bes008 $73 rim{ 50,0deg) Fz_s33 rao( 160 0deg)
f Fz_s33 rao( 170 Odeg)
Fz_s33 raof 180 Odeg)

6e+006 [

o/
4e+006 |

Wave-loads Fz at given section (N/m)

204008 T

1.44035, 7.60372e+006 Wave frequency (rad/s)

Hinh 6. RAO cia Luc cét Fz theo tan sé séng, d=50m, tai mét cat 33

Wave-induced load Fz along the ship hull

9e+006
= Fz_s34.1a0{ 0.0deg) ¥ Fz_s34 rao{ 100 Odeg)
804006 | R P 534.ra0( 10 Odeg) Fz_s34 raof 110 Ddeg)
i < Fe s3teac( 20 0deg) Fz_s34 rao( 120 Odeg)
Fz_s34.rao{ 130.0deg)
Fz_s34.raof 140.0deg)

Fz_s34 rao{ 150 0deg) —+—
Fz_s34 rao{ 160 0deg)

Fz_s34.rao( 170.0deg) —%——

Fz_s34.ra0{ 180.0deg) —=——

Te+006 [

6e+006 |

5e+006

4e+006

Je+006

Wave-loads Fz at given section (N/fm)

2e+006

1e+006

0
0.450962, B.76795e+006 Wave frequency (rad/s)

Hinh 7. RAQ cta Luc cat Fz theo tan s6 séng, d=75m, tai méat cat 33

Trén hinh 8+10 14 ham truyén RAO ctia mé men udn doc My (N.m/m) quanh truc oy tai mat c&t ngang
s6 20 n&dm & gilra chiéu dai than tau thay ddi theo tAn s6 song & 3 d6 sau 25, 50 va 75 mét nwdc. Mémen My
dat gia tri I&n nhéat di véi hwéng séng 180° & dai tAn sb song o ~ 0,3+0,4rad/s . Khi tAn sb séng tang thi
gia tri mémen My dat gia tri I6n nhat & cac huwéng séng khac nhung nhd hon gia tri mé men My & huéng
song . Twong tw vai luc cat Fz, khi do sau nwéc tang tr 25m [én 75m, tan sb song tai d6 mémen My dat gia
tri Ié'n nhéat ciing tang (tr o ~ 0,35rad/s dén ® = 0,45rad/s). Tai 3 d6 sau nay mémen My cé gia trj I&n nhét
khid=25m.
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Wave-induced load My along the ship hull

1.2e+
i My_s20.rao{ 0.0deg) * My_520.rao( 100.0deq)
My_s20 rac{ 10.0deg) . My_s20 rac{ 110.0deg)
My_s20 rag{_20 Odeg) —*— Ny_s20 rao{ 120 Odeg)
o i My_s20.rao{ 130.0deg)
My_s20.rao{ 140.0deg)

My_s20 rao{ 150.0deg)

My_520 rao{ 160 0deg)

Ny_s20 rac{ 170.0deg)

My_s20 rac{ 180 Odeg)

1e+009 [ f
Be+008
6e+008 -/

4e+008 [ A

Wave-loads My at grven section (N"m/m)

22+008

0.302080, 1.16906e+009 Wave frequency (rad/s)

Hinh 8. RAO ctia Mémen udn doc My theo tan sé séng, d=25m, tai mét céat 20 (giira tau)

Wave-induced load My along the ship hull

1e+009
My_s20.rao( 0.0deg) : My_s20 rao 100.0deg)
9e+008 - My_s20 rao{ 10.0deg) : My_s20 rao{ 110 0deg)
My_s20.rao{ 20.0deg) My_s20 rao( 120.0deg)
Be+008 I’ = My_s20 rao{ 30.0deg) = My_s20 raof 130.0deg)
& My_s20 rao{ 40 Odeg) My_s20 rac{ 140 Odeg)
X 0] My_s20 raof 150.0deg)
My_s20 raof 160.0deg)
6e+008 y oW 1\ My_s20 raof 170 0deg)
4 n My_s20 rao( 180.0deq)

Te+008 L
5e+008
404008 +/

Je+008 5

Wave-loads My at given section (N*m/m)

2e+008 T

164008 |
=

0.400641. 8.97976e+008 Wave frequency (rad/s)

Hinh 9. RAQ cta Mémen uén doc My theo tan sé séng, d=50m, tai mét cat 20 (giita tau)

Wave-induced load My along the ship hull

8e+008
My_s20.ra0 0.0deg) —+— My_s20 rao{ 100.0deg)
My_s20 rao 10.0deg) My_s20 rao{ 110.0deg)
] My_520.rao{ 120.0deg)
B My_s20 rao 130 0deg)
62+008 / ) Oge My_s20 rao{ 140.0deg)
/¥ . Y My_s20 rao( 150.0deg)

504008 Y/ y v 0 b T My_s20.rao{ 160.0deg)
My_s20 raof 170.0deg)
My_s20 raof 180.0deg)

Te+008

424008
3e+008 i

2¢+008 gr

Wave-loads My at given section (N'm/m)

1e+008

=

1.38564, 8.31738e+008 Wave frequency (rad/s)

Hinh 10. RAOQ ctia Mémen udn doc My theo tan sé séng, d=75m, tai mat cat 20 (gicta tau)
Trén hinh 11 va 12 |a gié tri luvc cét Fz va mémen ubn My thay ddi doc than tau & 8 do sau nwac tinh
toan sau khi xtr ly két qua tinh toan ctia phan mém HydroStar.

D& so sanh s thay ddi cda gia tri lyc cat Fz va mémen uén doc My I&n nhét & cac d6 sau nudc
d=25+200m dworc hién thi trén hinh 13, trong bai viét nay trinh bay dai dién cac két qua tinh toan luc citFz
va md men ubn doc My Ién nhét tai 40 méat cAt doc than tau trng véi cac dd sadu nwée cho mot hwédng séng
ngwoc véi chiéu dwong truc ox va léch mét goc 30°, twong (rng véigoc 150° trén hinh 2.
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LUC CAT Fz

2.50E+07

2.00E+07 —a—d=25m
—#—d=50m
—&—d=75m
1.50E+07 —3%=—d=100m
=¥ d=125m
—8—d=150
1.00E+07 ——d=175m
= d=200m

GIA TRI LUC CAT Fz

0.00E+00

50 100 150 200
CAC MAT CAT NGANG THAN TAU

Hinh 11. Luc cét Fz doc theo chiéu dai tau Ba Vi & céc dé sdu nuéc d=25+200m

MOMEN UON My

1.40E+09

—e d=25m
—8—d=50m
=—d—d=75m
—¥%—d=100m
—#—d=125m
8.00£+08 { —#—d=150
—t—d=175m
= d=200m

1.20E+09

6.00E+08

4.00E+08

~

>
=
=
=]
=2
=z
=)
=
=}
=
=
-
<
(G

2.00E+08

50 100 150 200
CAC MAT CAT NGANG THAN TAU

Hinh 12. M6 men uén doc My doc theo chiéu dai tau Ba Vi & cac do sdu nuwéc d=25+200m

Luc cat Fzmax va momen uon Mymax
1.35E+09 2.50€+07

2.00E+07

1.25E+09 1.50E+07

1.2E+09 1.00E+07

Gia tri lwe cat Fz (N)

1.15E+09 5.00E+06

Gia tri Momen uon My (N.m)

1.1E+09 0.00E+00
50 100 150 200 250

Do sau nuoc d(m) & My Fz

Hinh 13. Luc cét Fz va mémen uén doc My Ién nhét

TAP CHi KHOA HOC CONG NGHE XAYDUNG %




KET QUA NGHIEN CUU VA UNG DUNG

Két qua tinh toan cho thay trong treérng ho'p dang xét, khi tau ché day hénlithi lwc cat dat gia tri lon

pp P

nhét vé phia mai va lai clia céng trinh ndi, cu thé Fmax tai cac mat cét va , mémen udn doc dat
gia tri |&'n nhat & khu vire gitra chiéu dai than céng trinh néi - phi hop véi ly thuyét tau thiy. Khi dé sau nuwée
gidm, lwc cit va md men udn doc than tau tang. O’ dd sau nwée d > 100m sir thay ddi le cit Fz va md men
ubn doc My khéng dang ké (<2%). O vliing nwéc rat ndng (dd sau nwdre <50m) luc cat va mémen udn thay
ddi dang ké khi dd sau nwéc gidam: trong vi du dang xét, & do sau d=25m lwc Fz = 1,92.107(N), My =
1,33.10°(N.m), & d6 sau d=75m Fz = 1,54.107(N), My =1,17.10°(N.m). Nhw vay, khi d6 sau nuéc
gidm tir 75m xudng 25m lyc cat Fz ting ~25,2% va mémen ubn doc My tang ~13,7%. Diéu nay can dugc
lwu v khi thiét ké kho chiva ndi hoace qui hoach s dung kho chira ndi cho viing nuée néng.

(® 3.Kétluan

Két qua khao sat tinh toan bang sb néu trén cho thay khi dé sau nwéc gidm tai trong séng tac dung
lén cong trinh ndi tang lén. Do d6, dé thiét ké va quy hoach s dung kho chira ndi (FSO va FPSO) & ving
nwédc ndng viéc xac dinh ding dan cac yéu té xac dinh do bén két ciu than ctia FSO/FPSO la mét khau
quan trong bédo dam sy an toan trong khai thac va viéc giai bai toan déng Iwc hoc cong trinh noila can thiét.
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