BAI BAO KHOA HQC

NGHIEN CUU DU BAO VA PANH GIA ANH HUONG
CUA KHOANG TINH KHONG DPOI VOI CAC CONG TRINH BIEN NOI
CO KE DEN HIEU UNG PHI TUYEN BAC HAI CUA TAI TRONG SONG

Pham Hién Hau', Pham Héng Pirc'

Tém tit: Cic phuwong phdp tinh todn dir bdo khodng tinh khong va anh huéng ciia né doi véi cdc
céng trinh bién néi trong cdc tiéu chuan quy pham hién nay chi yéu dira vao cdc mé hinh tuyén tinh
con béc 19 nhiéu sai s6 va chwa cho nhitng két quad du bao tin cgy.

Trong bai bdo nay nhom tac gia da nghién ciru dy bao va danh gia anh huong cua khoang tinh
khéng d6i véi cdc cong trinh bién néi (Semi-submmersible, TLP,...) bang cdch thwc hién tinh todn
tuyén tinh trong mién tan sé sir dung phan mém HydroStar (Research Department —Bureau Veritas,
2014) va ap dung phuwong phap “Stokes 2" order correction” dé xudt boi (Bert Sweetman, 2002) ld
mét phwong phdp hiéu chinh ké dén anh huong cia nhitng hiéu iing phi tuyén bdc hai. Mé hinh
Hermite dé xudt boi (Winterstein, 1994) ciing duwoc img dung dé xdc dinh cwc tri cia cdc phan g
phi tuyén bdc hai.

Céc két qud tinh toan da dwoc so sanh voi tinh toan cua (Bert Sweetman, 2002) va thi nghiém mo
hinh vat ly gian Veslefrikk B thuc hién boi MARINTEK Trondheim, Norway (1995).

Twr khoa: Khoang tinh khong, d6 dang bé mit song, HydroStar, WAMIT, Semi-submersible, TLP,

ham tmyén bac nhat, ham tmyén bac hai, mo hinh vét Iy, m6é hinh Hermite.

1. GIOI THIEU

Trong thiét ké cic cong trinh bién ndi nhu
gian khoan ban chim (Semi-submersible), gian
neo dung (TLP), viéc xac dinh khoing tinh
khong 14 hét stic phiic tap va giy nhidu kho
khin cho nguoi thiét ké vi day 1a mot gia tri rat
nhay cam, anh huong truc tiép dén 6n dinh, kha
ning mang tai va cic yéu cau chic ning cua
cong trinh. Cu thé, mot su lua chon khoang tinh

khong nho co thé dit két ciu ndi trong mot
trang thai chiu tai trong tic dong ciia song bién
16n hon, 1am ting lyc cing trong hé thng day
neo, lam ngung tré hoat dong khoan... Mit khac,
mot su lya chon khoang tinh khong 16n s€ 1am
tang dang ké gia thanh két cau, giam on dinh va
kha ning mang tai, dong thoi anh hudng dén
nhimng yéu cau khic nhu cac chuyén vi va gia
toc cuia két cau.

Hinh 1. Shell Mars TLP trucc va sau khi bi hw hai boi bao Katrina (Photo: Wikipedia)

Trude thuc trang nhiéu cong trinh bi hu hai

! Khoa Xdy dung Céng trinh bién & Ddu Khi, Trucng
Dai hoc Xdy dung.

boi nhitng con song cuc han, nhiing gidi phap
cho van dé vé khoang tinh khong tré nén khan
cp va can thiét hon bao gio hét. Gian Mars,
mdt gian khoan va khai thac dang neo ding
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(TLP) (Hinh 1) 1a mét vi du. Hoat dong ¢ d6 sau
896m ¢ khu vuc vinh Mexico, gian Mars da bi
hu hai 16n trén san thugng tdng boi nhitng con
song bat thuong trong con bdo Katrina. Clng
vGi gian Mars, tong cong 113 gian khac di bi
phé huy hodc hu hai ndng bdi nhiing con song
trong con bao Katrina & Rita. Trong cac quy
trinh thiét ké hién hanh, mé hinh vat 1y thuong
1a bat budc dé danh gia yéu cau vé khoang tinh
khong cho cac gian Semi-submersible hodac TLP
xdy dung moi trong truong hop khong co di
liéu tham khéo tir bat cr mot cong trinh twong
tu nao da dugc xay dung trudc d6. Tuy nhién,
viéc thuc hién mo hinh vat 1y nay la rat ton kém
va chi c¢6 thé dugc thyc hién & giai doan cudi
cung cia thiét ké. Chinh vi vay, mot cong cu du
bao nhanh yéu cau vé khoang tinh khong 1a rat
can thiét trong giai doan thiét ké co so, gop
phan quan trong lam ting tinh canh tranh cua
thiét ké. Hon nita tir cac két qua du bao do, co
thé thiét ké gia cuong cho két cdu tai cac vi tri
c¢6 thé xudt hién khoang tinh khong am, tranh
hu hai dén cac két cu san thuong tang.

Céac phuong phap hién tai @& moé hinh héa
chuyén vi va duy bao khoang tinh khong cho
gian ban chim chu yéu dwa vao cac phuong
phap don gian hoa sir dung cac tinh toan nhiéu
xa va buc xa bac nhit cong thém mot s du du
trit an toan dé ké dén tinh khong chinh xéac cua
phan tich tuyén tinh. Phuong phap cua (Saeid
Kazemi va Atilla Incecik, 2005) mang tén
“phuong phap phan tir bién tryc tiép — direct
BEM” xem ngudn phi tuyén chinh nim & song
ti, trong khi cac hiéu ung nhiéu xa va birc xa
bac 2 dugc bdé qua. Phuong phap nay da dua ra
mot mo phong rat tot gia tri khuéch dai ctia bé
mat song (nguyén nhan lam giam khoang tinh
khong ciia cong trinh) trong truong hop do dbc
cua song tdi l1a nho, khoang 1/40. Tuy nhién,
trong nhiing trang thai bién khic nghiét (khi do
dbc cta song rat 16n) phuong phap nay to ra
khong chinh xac va thuong khong hitu dung
trong du bao khoang tinh khong va tac dong cia
song 1én day cua san két cu. Gan day, nhiéu

nghién ctru trén thé gisi ciia B. Molin va X.B
Chen hay MIT da thanh ldp dugc cac ham
truyén bac hai tin sb thap va tin sd cao cho
phan ung (chuyén vi, lyc, do dang bé mat
song...) ciia két cAu ndi va di dugc xdy dung
trong cac phan mém s6 nhu: WAMIT cia MIT,
LAMP cua SAIC, HydroStar cta Bureau
Veritas... va céc tinh toan dua trén nhiing
phuong phap sir dung mé hinh bac hai day du
da dugc thuc hién. Tuy nhién nhuoc diém cua
nhitng phuong phap nay 1a khé ap dung va van
tdn tai sai s6 so v6i mo hinh vat 1y. Nguoc lai
v6i mo hinh tuyén tinh, mé hinh bac hai day du
thuong cho nhiing két qua dy bao do dang bé
mit song 16n hon bat thuong so véi thi nghiém
mod hinh vét ly (Bert Sweetman et al, 2002).
Nhitng nghién ctou cua (Bert Sweetman, 2001,
2002) lai dua ra mot cach tiép can dé nim bat
dugc tinh chat phi tuyén ciia song bang cach sir
dung mo6 hinh théng ké Hermite d& xuat bai
(Winterstein, 1994) két hop véi cac tinh toan
nhidu xa, birc xa tuyén tinh va phi tuyén bang
phan mém s6 WAMIT dé xac dinh cac gia tri
cuc tri ciia do6 dang bé miat song phi tuyén.
Trong bai bao nay nhom tac gia s€ thuc hién
tinh todn tuyén tinh trong mién tan sd bang
chuong trinh HydroStar (Research Department
— Bureau Veritas, 2014) dé du bao khoang tinh
khong cho cong trinh bién noi. Tiép dén,
phuong phap “Stokes 2" order correction” d&
xut boi (Bert Sweetman, 2002) s¢ dugc nhom
tac gia ing dung dé 1ap trinh bang Matlab nham
xur ly cac Kkét qua tir tinh toan nhiéu xa, buc xa
tuyén tinh va ké dén sy hiéu chinh do anh
huong cua nhimg hiéu ung phi tuyén bac hai.
Céc két qua tinh toan s& dugc so sanh véi mo
hinh vat ly cua gian Semi-submersible
Veslefrikk B thuc hién boi Maritek Trondheim,
Norway (1995).

2. PHUONG PHAP NGHIEN CUU VA
CO SO LY THUYET

2.1. Phwong phap nghién ctru

Trong bai bao nay, phuong phap nghién cuu
trong so do hinh 2 dugc nhém tac gia sir dung
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dé du bao khoang tinh khong ddi véi nhiing
cong trinh bién noi:

St dyng céc module | QT:
hien co trong chvong -
trinh  HydroStar &

gial qu}’ét bé  toan Chuong trinh Matlab do

tuyén tinh téc gia lap trinh

Gidl bai todn rhidu xa, l

birc xa bic nhit bing lr lr
phan mém HydroStar

Phvong  phap “Stokes Ap deng mo hinh
2z order correction’” cé Hermite dé xic dinh
ke den théem anh huong ¢amm cye tr| cia phan Gng

StarSpec -HydroStar phi tuyén bic hai cla

Phong g 15 i P g 16 phi tuyen bac hai
dyng cho bai todn
tuyen tinh ‘
7 So sanh két qud tinh
todn voi thi nghiém mo mesp K&t [uin
hinh vt IV

" [ Tinh todn tuyén tinh truyén théng

{2 Tinh todn co k& dénanth huong phi tuyén bac hai ctia song o

Hinh 2. Céc buéc nghién ciru dé xdac dinh
khodng tinh khéng doi véi cong trinh bién néi

2.2. Co s& 1y thuyét ap dung trong dw bso
khoing tinh khéng ciia cong trinh bién noi

Gia thiét rang két cau ndi dao dong véi bién
dd nho dudi sy tdic dong cia song toi la song
ngau nhién (tdp hop cia N con séng don Airy)
v6i gia thiét do sdu nudc vo han (bo qua anh
hudng cia day). Trong 1y thuyét nhidu xa tuyén
tinh, bai todn gia tri bién tong quat c6 thé gia sir
13 t6 hop tuyén tinh cua cac bai toan sau:

(i) Séng toi dap vao két cau ndi (duoc gitr
dung yén — bo qua cac chuyén vi cia két cau) s&
bi nhiéu xa do anh hudng ctia sy c6 mit cua két
cu. Bai toan nay dugc goi la bai toan nhiéu xa.

(i) Két cau ndi duoc cho dao dong cudng
btic trong moi truong nudc lang (khong co
song tdi) va gly ra truong soéng biic xa xung
quanh két cau. Bai toan nay duoc goi 1a bai
toan burc xa.

Gia sir chat 1ong nghién ctu 1a chét long 1y
tudng c6 chuyén dong khong xoay, thé van tdc

tong thé cua dong chit long & do sau nudc vo
han c6 thé viét dudi dang ham sb phu thudc vao
thoi gian, @ :

D(x,,2)=D, +D, +D, 2.1)

Trong d6 ®,,®,,®, twong tmg la ham thé

cua song toi, song nhicu xa va buc xa.

.........

Hinh 3. Dinh nghia khoang tinh khong

Khoang tinh khong tirc thoi tai mot diém -
5(t)duge xac dinh bing khoang cach giira vi
tri cua diém do6 tai day ciia san cong tac so voi
d6 dang bé mat song cuc bd 77(l ) la mét dai
lwong ngiu nhién thay ddi theo thoi gian.

(1) =8, +&.. (1) =n(t) =6, — 1.4 (1) 2.2)

d,- Khoang tinh khong trong diéu kién mait
nudc tinh;

S (f ) - Chuyén vi theo phuong dung cua san;
Suer = &5 +ysing, (1) —xsin & (1) 23)

1.l (l‘ ) - Po dang bé mit song tuong ddi

M (1) =71(1) =&, (1) 24

Cac dang dao dong cua mdt cong trinh no6i
bao gom:

-¢,,¢, &, tuong Gng 1a 3 chuyén vi tinh
tién theo cac phuong x, y ,z;

- 54 , tfs , 56 13 chuyén vi Xoay quanh cac truc
X, Y ,Z.

D6 dang bé mat song 77 (l ) v6i su c6 mit két
céu noi 1a tong hop cua cac thanh phan song toi

m, (l) , song nhiéu xa 77, (t) va soéng burc xa
Nx (t) theo phuong trinh (2.5):
n(t)=n,(t)+n,(t)+m,(¢) (2.5)

Trong khi do6 cac thanh ph?u} song lai 1a tong
hop ctia cac thanh phan bac nhat va bac hai:

n(t)=m(t)+m,(¢) (2.6)
h (Z) =T, (t) T (Z) Thr (f) (2.7)
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m (Z)=772,1 (t)+772,1) (Z)+772,R (Z) (2.8)

Trong céc tinh toan sir dung mo hinh tuyén
tinh chi cac thanh phan song bac nhat dugc tinh
dén nhu trong phuong trinh (2.7).

D6i v6i tinh toan bac hai ddy du, tit ca cac
thanh phﬁn song bac nhét va bac hai duoc tinh
dén nhu trong phuong trinh (2.6).

Phuong phap “Stokes 2" ordre correction”
dé xuat boi (Bert Sweetman, 2002) 13 mot
phuong phap lai gitta phuong phéap tinh toan
tuyén tinh va tinh toan bac hai day du. O day
cac thanh phan song toi, song nhidu xa va bic
xa bac nhét dugc tinh toan béng phﬁn mém sd,
thanh phan bac hai ciia song téi s& duoc tinh dén
bang cach st dung ham truyén bac hai theo 1y
thuyét song Stokes, thanh phan song nhiéu xa va
buic xa bac hai dugc bo qua. Khi d6 d6 dang bé
mit song 13 tong hop cua:

77(t) =1 (t) +Mp (t)"" .r (t)+ PN (t) (2.9)
n(1)= qReZn: A H e .
k=1
Mo (1) =1, (1) +1,- (1) (2.10) & 2.11)

m.(t)=¢ Reii A AHGYS " (2.12)

k=1 I=1

n,_(t)=¢ Reii A AHG " (2.13)

k=1 I=1

Trong do:

1 5 .

H ,E) la ham truyén bac nhat cua phan Ung
d6 dang bé mit song xac dinh bang phan mém
HydroStar (Research Department — Bureau
Veritas, 2014).

2 2- 5 5
P ") va H ,El ) la ham truyén bac hai tan

Jadt
sO cao va tan sb thip duoc tinh toan theo 1y
thuyét Stokes béc hai.

Theo (Bernard Molin, 2002) véi g=1/2:

|
2
H IEZ =—

g 2
(2.14) & (2.15)

2.3. Xac dinh cyec tri d§ ding bé mit séng

a. Cuec tri cua phan ung tuyén tinh

Ki vong cua cuc tri (Mean maximum) cia qua
trinh chuan (Gaussian process) u(t) cjuqc xac
dinh theo (Bert Sweetman, 2002) boi biéu thirc:

2 2 2 2
gen _Loctor (Calls
ki -
2

g

E[u,, |~V2InN + 2217
V2In N
Ki vong cua cuc tri cia phan Gmg do dang bé
mit séng (thanh phin bac nhat):
E[1) )= 0, E [t ] (2.17)
Trong d6: N: s chu trinh trong mot trang

thai bién (3 — 6 gi0); O, - DY léch chuan cua

(2.16)

d6 dang bé mit song (thanh phan bac nhat).

b. Cuec tri ciia phan ing phi tuyén

Cuc tri cta phan ung phi tuyén bac hai dugc
xac dinh bang mo hinh Hermite d& xuit bai
(Winterstein, 1994). M6 hinh Hermite dugc su
dung dé chuyén mot qua trinh ngau nhién chuin
(Gaussian) bat ki thanh moét qua trinh ngiu
nhién thuc t& (phi tuyén) ma chi dya vao 4
moment thong ké dau tién: gi tri trung binh, do
léch chuan, d6 bat ddi xing va do nhon. Nhoém
tac gia da ung dung md hinh Hermite va lap
trinh trén chuong trinh Matlab dé giai quyét bai
toan xac dinh cuc tri ctia phan tng phi tuyén bac
hai (bd sung vao tinh toan tuyén tinh bang phan
mém HydroStar). Phan tng phi tuyén (non-
Gaussian) ¢ ddy 1a do dang bé mit song 77(1‘) co
quan hé ham s§ voi mot qué trinh chuin
(Gaussian process) u(t) nhu sau day:
n=gw)=m,+ko,[u+c, L —D)+c,, (1 —3u)] (2.18)

Trong do: m, - gid tri trung binh; o, - d§ 1éch
chuan

Trudong hop qua trinh phi tuyén co do léch
nho so véi qua trinh chuan:

Cy ROy 6;5c,,=(—3)/24 (2.19) & (2.20)

Trudng hop qué trinh phi tuyén co do léch
16n so véi qua trinh chuan:

:&_1—0.015|a3|+0.2a32} '

1+0.2(cr, -3)

143027
Cop = Cyo| 1— (2.21) & (2.22)
a,-3
1/3
[1+1.25(c, -3]" -1
Cyo = 10 ;

k=[1+2c, +6c}, ] (2.23) & (2.24)
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o,- do bat dbi xtng (skewness); «,- do
nhon (kurtosis)

Bon moment théng ké nay dugc tinh toan
bang cach giai bai toan tri riéng, vector riéng.

Ngudi ta dd chimg minh duoc rang chi can 4
moment théng ké dau tién, khong hon 1a du dé
ndm bat dugc tinh chét phi tuyén cla cuc tri
(Winterstein, 1994). Gia thiét rang su bién ddi
theo phuong trinh (2.18) 1a dung v6i moi diém
thoi gian bao gém ca diém cuec tri, ta co:

1
w7

L
b 4

S3AE A\ JSPISUT JO TOTI2THT

WG

Hinh 4. Mt bang va vi tri cac ong do séng gian
ban chim Veslefrikk B (Bert Sweetman, 2002)

Bang 1. Céc théng sé vé gian ban chim
Veslefrikk B (Bert Sweetman, 2002)

E[a 1= &(E [t ]) (2.25)

3. SO SANH KET QUA TIiNH TOAN
VOI THI NGHIEM MO HINH VAT LY

3.1. S6 liéu mé hinh vét 1y va md hinh héa
bang HydroStar

Mo hinh dugc xay dung véi ti 1€ 1:45 so véi
kich thudc thuc té gian ban chim Veslefrikk B,
mo hinh dugc dit trong bé thu song tai Marintek
v6i mo hinh tao séng ngau nhién.

Hinh 5. M6 hinh HydroStar

Bdng 2. Céc théng sé ciia phé séng ap dung
trong thi nghiém (Bert Sweetman, 2002)

Kich thudc chi tiét gian

Chiéu dai tong thé (LOA) 107.5m
Khoang cach cac ¢t (doc) 68 m
Khoang cach cac cot (ngang) 67 m
Chiéu dai tiét dién cot 12.50 m
Chiéu rong tiét dién cot 12.50 m
Chiéu rong tiét pontoon 14.25 m
Chiéu cao pontoon 9.50 m

Trang thai lam vi€éc cua cong trinh

Moén nude, D 23 m
Luong chiém nuéc 40692 T
Khoang tinh khong trong diéu

kién mat nudc tinh 17.50 m
Trong tdm quan tinh 2413 m
Ban kinh xoay (lic ngang -

Pitch) 33.76 m
Bén kinh xoay (lic doc - Roll) | 34.26 m
Chiéu cao khuynh tim (GM) 2.36 m
Do sau nude 175 m

20

Thong s6 phd song

Hs (m) 14 m

Tp (s) 13.5s
Gamma 3

Pho song JONSWAP
Do dbc cua song 1./20

3.2. So sanh cac két qua tinh toan

Két qua so sanh giita tinh toan tuyén tinh
bang phan mém HydroStar, phan mém WAMIT
(tinh toan cta Sweetman) va thi nghi€ém mo
hinh vét Iy duoc thé hién trén hai hinh v& 6 va 7
dudi day cho hai truong hop mé hinh: moé hinh
neo cimg (fixed model) — két cau dugc gitr ding
yén do d6 khong ké dén cac chuyén vi cua két
céu va mo hinh két cau ndi (floating model) —
c6 ké dén cac chuyén vi cia két cdu. So sanh
cho thdy tinh toan tuyén tinh bang hai phin
mém s6 HydroStar va WAMIT cho két qua
tuong tu nhau va déu cho két qua du bao do
dang bé mit séng nhd hon dang ké so véi thi
nghiém mo hinh vat 1y. Quan sat diém 1 trén
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té tai vi tri diém 1 san két cAu s& phai chiu mot
ap luc day 1én do mot cot nude cao 6m (voi gia
tdc phan tir nude 1a rat 1on), vi tri nay rat co thé
s& bi pha hity cuc bd néu khong duoc gia cuong

Hinh 6 ta thiy két qua dy bao do dang bé mat
song 1a 14.92m trong khi trén thuc té d6 dang bé
mit song tai diém nay 1a 21.02m (theo thi
nghiém moé hinh vét 1y). Do vdy néu ta chon
khoang tinh khong thiét ké 1a 15m thi trén thuc

Po ding bé mit séng

" =#— HydroStar
- Fixed

model
Fixed

Model test

L et WAMIT -
fixed
model

1 2 3 456 7 89
biem do song

dac bict.
Po dang bé mit song twong doi

18 T

17 -~
2 16 _ =il Hvdro_star
215 4+ - Floating
E14 Model
“a

13 ;
EF 12 Floating
I model test
= 11
=0 |
a1 T ]

12 3. 4567 829
Biem do song

Hinh 6. Bé ddng bé mdt séng, mé hinh neo
co dinh (khong ké den chuyén vi ding
cua két cau), tinh todn tuyén tinh.

So sanh gitta tinh toan s dung phuong
phap “Stokes 2" order correction” cua (Bert
Sweetman, 2002) dé xtr 1y két qua tinh toan
tuyén tinh tir phan mém HydroStar (Research
Department —Bureau Veritas, 2014) va ké dén
anh hudng phi tuyén bac hai cta song t6i; tinh
toan cua Sweetman xir 1y két qua tir phan
mém WAMIT va thi nghiém mo hinh vat ly
duoc thé hién trén hai hinh v& 8 va 9 duéi day
cho hai truong hop: mé hinh neo cung (fixed

Hinh 7. Bé ddng bé mdt séng tiong doi,
mo hinh két cau noi (co ké den chuyén vi
cua két cau), tinh todan tuyén tinh.

model) va md hinh két cadu ndi (floating
model). Quan sat diém 1 trén hinh 9 ta thiy
két qua du bao do dang bé mat song twong ddi
1a 13.31m trong khi d6 d6 dang bé mit song
twong d6i trén thuc té 1a 17.79m. V&i mot tinh
toan nhanh, néu ta thiét ké khoang tinh khong
1a 13.5m thi vi tri diém 1 s& chiu mét ap luc
tirc thoi hudng 1én xap xi voi 3.5m cot nude
tinh (chua ké dén gia toc tirc thoi cua khoi
nuéc nay 1a rat 16m).

Po ding bé mit song

23
_%"21 -—#— HydroStar -
] Fixed
E 19 T T /L | | g4 model
- PP e wanmit
217 b a= -
&o .\‘—_-'// v Fixed
$ 15 T i model
'3 Fixed

=Y
w

1 2 3 45 6 7 8 5 Modeltest
Piém do séng

D6 dang bé mit séng twong doi

18 S S N | Floating
Y XN T T T T 1T 1T 1] model
e N ITAL T T A test

| == HydroStar
: -Floating
model

Po ding bé mat song
I
w

10 1
9 12

34 5 6 7 8 9
Piém do song

Hinh 8. Bé déang bé mdt séng, mé hinh két cau
neo co dinh, phuwong phdp “Stokes 2" order
correction

Céc két qua cho thiy phuong phap “Stokes
2" order correction” dua ra duoc du bao dd
dang bé mat song chinh xac hon so v6i phuong
phap sit dung mo hinh tuyén tinh thuan tay va
kha gan voi két qua tir thi nghiém mé hinh vat

Hinh 9. Bé déang bé mdt séng twong doi,
mé hinh két néi, phuwong phép “Stokes 2"
order correction”

ly, tuy nhién van con nhiing sai s6, dic biét 1a
cac vi tri gﬁn vO1 cac cot.

4. KET LUAN

Trong bai bdo nay céc tac gia da thuc hién
hai phuong phép tinh toan dé du bao d6 dang bé
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mat song va anh huong cta khoang tinh khong
dbi voi an toan cia cac cong trinh bién noi:
phuong phap tinh toan bang mo hinh tuyén tinh
thuan tiy bang st dung phan mém HydroStar
(Research Department —Bureau Veritas, 2014)
va phuong phap “Stokes 2™ order correction”
dé xudt boi Bert Sweetman (Bert Sweetman,
2002). M6 hinh Hermite d& xudt bai
(Winterstein, 1994) dugc ap dung dé xac dinh
cuc tri cua bai toan phi tuyén. Cac két qua mot
1an nita khang dinh mé hinh tinh toan tuyén tinh
thuan tay 1a chwa phu hop dbi véi nhimg diéu
kién bién khac nghiét khi tinh chat phi tuyén cua

song la dang ké (6 day d¢ doc ctia song 1a 5%).
Két qua tinh toan theo phuong phap “Stokes 2nd
order correction” cua Bert Sweetman cho du
bao d6 dang bé mit song tot hon tinh toan tuyén
tinh thuan tay va kha gan véi thi nghiém mo
hinh vat 1y. Tuy nhién phuong phap nay van con
mot s6 han ché: chua ké dén anh hudng phi
tuyén cua cac thanh phén song nhiéu xa, birc xa;
chua ké dén anh huéng cua hiéu tng séng leo
tai cac vi tri gén cac cot; chua ké dén anh huong
phi tuyén do do cimg cia hé day neo. Cac han
ché nay s& dugc cac tac gia tip trung lam sang
t6 trong nhing nghién ciru tiép theo.
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Abstract:
ESTIMATION OF AIRGAP’S IMPACTS ON FLOATING STRUCTURES TAKING
INTO ACCOUNT OF SECOND ORDER NON-LINEAR CORRECTIONS

Actual standard methods of predicting airgap demands for floating structures in early design stages
which are mostly based on linear models still yield uncertainties and lack required reliability.

This paper presents a research on the prediction of airgap responses and its impacts on floating
structures (Semi-submersible, TLP...) based on the first order analysis in frequency domain using
HydroStar (Research Department —Bureau Veritas, 2014). The “Stokes 2" order correction”
method proposed by (Bert Sweetman, 2002) is applied as a correction method to consider second-
order non-linear behaviors. The Hermite model of Steven R. (Winterstein, 1994) is also applied by
programming in Matlab to determine the extreme values of second order responses (in addition to
the conservative linear analysis by HydroStar software).

All of the results are compared with Bert Sweetman’s results (Bert Sweetman, 2002) and the model
test data of the Veslefrikk B Semi-submersible by MARINTEK Trondheim, Norway (1995).
Keyword: Airgap, wave elevations, Semi-submersible, TLP, HydroStar, WAMIT, linear transfer
functions, quadratic transfer functions, model test, the Hermite model.
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