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Nowadays, renewable and sustainable energy resources such as
offshore wind turbine energy are set to become mainstays of future
energy supplies in all the world. Because of safety requirements in
offshore wind turbine design, any proposed analytical solution is
necessary. This paper proposes a novel solution to analyze the dynamic
behaviors of offshore wind turbine monopile. In this case, the model is
a rigid bar with 2 degrees of freedom, the general equations for plane
motion are applied, displacements and rotation are got by simulation
workflows in Simulink of Matlab. The numerical results which are
obtained from the novel solution in cyclic foundation analysis agreed
with other methods, the errors are as much as 3.0% and 5.0% lower for
the cases with ADINA and FP-MultiPier programs, respectively.
Further research should focus on complex loads such as seismic, wind,
wave forces.
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Ngay nay, nguon ning luong tai tao dang duoc cac nudc trén thé gigi
chu tam khai thac, dién gié 12 mot vi du. Cac cong trinh dién gi6é xa bo
dugc yéu cau thiét ké an toan tuyét ddi, viéc hoan thién cic cong cu
phan tich 1a can thiét. Bai bao d& xuat mot giai phép tinh toan wng Xir
dong cua mong coc don tru dién gié xa by, md hinh mong 1a phan tir
ctng tuyét ddi co hai bac ty do, phwong trinh vi phan vat rin chuyén
dong song phing duoc sir dung, md phong bai toan theo thoi gian dwoc
thuc hién bang Matlab-Simulink. Két qua sé vai tai trong theo chu ky
kha gin véi cac so sanh, 1éch khong qua 3% néu tinh toan theo phan
mém ADINA va léch khong qua 5% so véi phan mém FP-MultiPier.
Giai phap nay 1a co s dé thuc hién cac nghién ciru tiép theo vai cac tai
trong phuc tap nhur tai trong gio, song bién hay dong dét hay co sy xuat
hién cua két cau phan trén.
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1. Gioi thigu

Theo thdng ké ciia to chirc chuyén nghién ctru Vé cac du an dién gio trén thé gisi, 4C Offshore
¢6 tru so tai Luan Pon-Anh: dén thoi diém hién tai, thang 7 ndm 2022, Viét Nam c6 123 du an, vi
tri tru dién gié c6 thé dat xa bo nhu tai Ca Mau, Bac Liéu va trén dat lién nhu tai Ninh Thuan,
Gia Lai [1]. Vi tru dién gi6 xa bo, phuong 4n mong kha phirc tap; tiy thude vao chiéu sau myc
nudc bién ma giai phap co thé 1a mong trong lyc, méng coc don, méng gleng chim, moéng ba
chan hay mong 6ng theép lién hop. Trong do, mong coc don la giai phap pho blen nht, giap tiét
kiém ve kinh té va dam bao vé an toan khai thac, thong ké nam 2014 di chi ra rang c6 den 91%
dur 4n trién khai déu str dung giai phap mong nay [2]. Do d6, nhiing noi dung nghién ctru vé tinh
toan ddi vai mong coc don xa b 1a hét sirc thiét thyc.
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Hinh 1. M6t s6 mé hinh gian don phén tich méng coc don [3], [4]

Trude déy, trong tinh todn mong coc don xa by, mot sé md hinh gian don di duoc 4p dung co
dang: Hinh 1(a) - mong c6 lién két ngam ngay tai vi tri ddy bién, Hinh 1(b) - méng co lién két
ngam sau dudi day bién dé phu hop hon véi (g xur thuc ciia coc, Hinh 1(C) - mong c6 lién két 1a
céc 10 xo dan hoi phan bd theo chiéu sau [3], [4]. Budc tiép can tién bo hon d6 chinh 1a mé hinh
Winkler, Hinh 1(d) - méng dugc mé hinh 1a mot dam thing dung, dit nén dwoc roi rac hoa va
dugc thay bang hé cac so dd twong dwong bao gdm mot 16 xo tuyén tinh/ phi tuyén va mot vat
can nhét mit song song, phan b tir day bién theo chiéu sau dén chan coc [4]. M6 hinh Winkler
dugc sir dung kha phd bién cho dén tan ngay nay, mot tén goi khac cua mé hinh nay 13 phuong
phap duong cong p — y: khi md hinh lam vi€e, 16 xo sinh ra phan lyc ngang cuc b6 la p tuong
g voi chuyén vi ngang cuc bé caa coc 1 y, chung 1a cac ham bién doi theo d sau tinh tir day
bién [4], [5]. Ngoai ra, mot dang m6 hinh mong khac duoc [6], [7] dé xuat nhu Hinh 1(e) - mo
hinh 16 xo kép, méng c6 lién két 13 hai bo, 16 xo va vat can nhét, chéng dich chuyén theo phuong
ngang va chng xoay, dat ngay tai day bién.

Bén canh viéc phan tich &ng xir coc bang cac phan mém thuong mai Vviét dudi dang phuong
phéap phan tu hiru han (FEM); mét xu hudng khac duge céc tac gia quan tam 1a mong duoc mod
hinh bang mét phan tar vi md (macro-element), phan tir nay chi dong vai tro la diéu kién bién
(xem Hinh 2) trong twong tac dat nén-két cau khi phan tich tong thé cong trinh dién gio theo
FEM [8], [9]. Theo [9], phuong phap ndy c6 uu diém gitip mé ra cac md hinh ciia méng coc phirc
tap hon nhung khong 1am phat sinh thém khdi lwong tinh toan va gitip két qua phan tich chinh
xac hon so v6i phuong phap duong congp — y.
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Hinh 2. Két cdu ciia mé hinh phan tir vi mé [8], [9]

Bai bao nhan thiy, c6 thé thuc hién phén tich dong cho méng coc don tru dién gid xa bd bang
céch két hop phan tir vi mé cua [8] va [9] nhu sau: V6i cac dic diém vé do cang va chuyén dong,
dé xuat khao sat mo hinh moéng nhu mét vat ran chuyén dong song phang; tién hanh thanh 1ap hé
phuong trinh vi phén chuyen dong vai tai trong tac dung 1a lyc cit va mo-men dong duoc thu gon
vé dinh coc ma chua xét dén tai trong song bién, gio,...; phan tmg dudi dang chuyén vi va goc
xoay thu dugc bang phép tich phan s6 theo thoi gian thong qua cong cu Matlab-Simulink. Két
qua s6 s& duoc so sanh véi cac cong b trudc day; dong thcn gia tri cuc dai ciing dugc kiém
chung théng qua phwong phap tinh tuong dwong ctia phan mém phén tich nén moéng chuyén dung
FP-MultiPier.

2. P& xuit giai phap phan tich &ng xir ddng cho méng coc don
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Hinh 3. Try dién gi6 xa bo cuing véi mé hinh méng coc cua Carswell [8]

Theo [8], [9], phan tir vi md moéng coc don cong trinh dién gid xa bo, Hinh 3(a), voi céc thong
s6 tap trung co dang nhu Hinh 3(b) Trong mo hinh nay, mong dugc md hinh bang mét doan coc
c6 mat cét ngang cua coc thuec, chiéu dai L, bat dau tai day bién va kéo dai sau vao trong dat; co
do cung tuyét doi; lién két tai dau coc, day blen 1a mét thiét bi can xoay ¢ hé sb can Co; lién két
tai chAn mo hinh, siu bén dudi day bién, gdm 10 xo thing c6 d6 cing k, va 16 xo xodn c6 do
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cting kg. Cac tham sb nay co thé dugc xac dinh bang két qua phén tich theo phwong phap phan tir
hitu han [8] hoic c6 thé suy ra bang cac cong thirc tinh toan theo [10], [11].

Dé phu hop Vi tal trong khao sat, bai bao chua xét dén bac tu do theo phuong dung, Hinh
4(a) duoc bo sung gbi di dong theo phuwong ngang tai B, hé ¢6 2 bac tu do: chuyén vi ngang x va
chuyén vi goc xoay 6. Goi x4, X¢ Vi X tuong Gmg 1a chuyén Vi ngang tai dinh 4, khéi tam C va
chan mé hinh B, Hinh 4(b). Vi mé hinh dé xuat (ACB) la vat ran c6 do cung tuyét dbi, chuyén vi
theo phuong ngang va xoay trong mat phang thang ding (x,y), dac diém nay theo Co hoc ky
thuat goi 1a chuyén dong song. phing. Do d6, bai bao dé xuat sir dung phuong trinh vi phan vét
ran chuyén dong song phang dé khao sat ACB trong Hinh 4.
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Hinh 5. So do tich phdn sé phuong trinh chuyén déng véi Matlab-Simulink

Luc tac dung 1én ACB gdm: luc chu dong thu gon tai dau coc, luc cit H, va mo-men ubn M;
mo-men chéng xoay cua 16 xo x0dn, Myg = kg8; md-men can cua vat can nhét, M. = C40; luc
dan hdi Cia 16 X0 thiNg, Ry = kyXp = ky (X — =26 ). Vi 6 va 6 tuong tmg 1a van tée goc va
gia téc goc; X 1a gia téc theo phuwong ngang cua kh01 tam C; M¢ va J¢ tuong ung la khéi lugng
va mo-men quan tinh khéi lugng cua ACB. M6 hinh dé xuat chwa xét dén bac tuy do theo phwong
dung nén hai phuong trinh vi phan chuyén dong song phing cua ACB la:

Mcjc'c = Hy — Ryy
{]CH =M+ H,% ~<+ ka — Mg — Mg @

Hé phuong trinh (1) dugc viét dudi dang phan ly bién sb, vi phan cap 2, cong thirc (2); va

dang véc-to, cong thuc (3).
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kx kaC

Xc=— M—Cxc 9 + Mc ,
g = _Copy , kxlc =~ kx(Lc) +4kg 0+ 2M+HyLc ( )
Jc 2jc 7€ 4Jc 2Jc
0 0 kx kxLc &
Xc Xc Mc 2M¢ X Mc
= C
{ 0 } [0 B ]_9] { 6 } + kxle  kx(Lg)*+4kg { 6 } ) 2memyLc ®)
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Phuong trinh (3) dugc md phong theo thoi gian véi phan mém Matlab-Simulink, so ¢6 nhu
Hinh 5, tich phan s6 duoc thuc hién bang phuong phéap Euler.
3. Két qua s6 va ban luin

Dé c6 co s& so sanh két qua tir giai phap dwoc dé xuat voi cac tac gia khac da nghién ciru, bai
bao str dung lai mo6 hinh phan tich try dién gié xa bo cua [8], Hinh 3(a), mong coc don ¢ dang
ong tru tron, dai 34 m tinh tir day bién, mat cat ngang c6 duong kinh ngoai 6 m, bé day 0,09 m.
Dia chat dat nén dit coc dugc méd ta nhu Hinh 6, cac 16p dat déu co khoi luong riéng la 2000
kg/m3. Tai trong kich thich gay ra dao dong tu do duoc thuc hién bang cach: cho mét chuyén vi
theo phuong ngang c6 gia tri 0,1 m tai dinh thap. Trén co s¢ phuong phap phan tir hiru han, phan
tich qua phan mém ADINA, két qua phan tich: cac thong sb tuong dwong cua he dat-mong duoc
xac dinh nhu Bang 1, két qua nay dwoc [12] kiém tra va tin cdy st dung; tan sé dao dong ty do
cua dinh coc, f = 1/T = 0,307 Hz, twong tng Vai tan sé vong, w = 2rf = 0,614 rad/s; ngoai
ra, [8] ciing da thuc hién phan tich kiém chang véi phan mém INFIDEL; két qua dudi dang lec
thu gon tai dinh coc va chuyén vi duoc tong hop trong cac cot (2) va (4) cua Bang 2.

Bang 1. Cdc théng s tiwong dicong ciia mé hinh coc don [8]

DPai lwgng L¢ (m) k, (N/m) ky (Nm/rad) Cy (Nms/rad)
Gia tri 7,60 3,89 x 10° 1,14 x 10! 9,34 x 108

Bang 2. Két qua phdn tich ciia Carswell [8]

Cong cu phan tich Luc cit H, (kN) Mé-men M (MNm) Chuyénvix, (m) Géc xoay 0 (rad)

INFIDEL 158 16 1,19 x 1073 1,52 x 107*
ADINA 156 15,9 1,28 x 1073 1,62 x 107
Day bién
14 m Gy =20 MPa Sét mém
S, =33 kPa
l v = 0,498 MPa
’l\ Gp = 100 MPa
10 m S, =125kPa Sét déo
v = 0,490 MPa
\
\
Gp = 600 MPa
28m s[,: =500 kPa Sét citng
v = 0,470 MPa
A

Hinh 6. Phdn bo |ép dat dia chat tai vi tri dat méng [8]
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Tién hanh md phong gia tri luc cit va mo-men, két qua phan tich tir ADINA, Bang 2, dudi
dang chu ky véi thoi gian t: H,, = 156sin0,614nt kN, M = 15,9sin 0,614t MNm, biéu dién
nhu Hinh 7. Véi chiéu dai L, da dugc xac dinh trong Bang 1, cling véi cac thong s6 ddc trung
cua coc, khdi luong va mo-men quan tinh ctia mé hinh dugc xac dinh nhu sau:

M, = LC%(D,% — D3y =76 x§(62 —5,912) x 8500 = 54357,12 kg

L% 7,62
Jo = M5 = 54357,12 x 22 = 261638,94 kgm?
5 7
2 =10 2 =10
— Luc thugon ——Mé&-men thu gon
1.5 1.5
iy / 1
/ If
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= | E
Z 0 ,'"I = 0
0.5 / 1 05
/ af
1 / 1
1.5 -1.5
2 2
0 1 2 3 4 5 6 0 1 2 3 4 5 6

(s) ()
Hinh 7. Biéu d6 lirc va mé-men thu gon tai dinh coc theo thoi gian
Thay cac ham Iyc, mo-men theo thoi gian va cac thong sé tuong dwong ctia mo hinh vao phuong
trinh (3); theo [13], d¢ dam bao tinh chinh xac cua tich phéan so, yéu cau budc thoi gian toi thiéu

At =01T =2 =21 = 03257, nghién ciru nay thuc hién tich phan sé theo so dd moé phong

f 0307 s
nhu Hinh 5 véi At = 0,0001 s bé hon rat nhiéu so véi 0,1T = 0,3257 s. D& quan sat cac biéu do

duoc thuan loi, két qua s& duoc thé hién trong 2 chu ky, twong tng 2T = 2 X ﬁ =6,525.
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Hinh 8. Cdc phdn ing ciia mé hinh coc theo thoi gian: (a) chuyén vi ngang va (b) chuyén vi géc xoay

Biéu do chuyén vi ngang cua coc (cac diém A, B va C) cung véi chuyén vi goc xoay duoc thé
hién trong Hinh 8, gi4 trj cuc dai dugc téng h0’p 0 hang (1) cia Bang 3. Vi m6 hinh méng coc ¢6 do
cing tuyét (101 nén chuyen vi ngang tai cac diém dic trung va goc xoay quan hé theo cong thic:

Xc =Xxg+— Leg = X4 — ¢ 9. Trén Hinh 8, cac biéu d6 chuyén vi déu c6 dang tuan hoan theo thoi
2 2
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glan két qua nay phu hop Vvoi tai trong kich thich dau vao. Trong Hinh 8 (a) chuyén vi tai diém B
rat bé so vdi Chuyen vi tai A va C, két qua nay phu hop véi gia thiét: lién két tai B khong phai lién
két gbi ma bao gom cac 10 xo dan hoi chéng chuyén vi theo phuong ngang va goc xoay.

Bén canh d6, dé c6 co so kiém chimg, bai bao thuc hién phan tich tinh twong dwong véi phan
mém chuyén dung vé nén mong cong trinh, FP-MultiPier; két qua dugc trinh bay ¢ hang (2) cua
Bang 3. Ty I& d6 léch gitta cac cong cu phan tich khac nhau so v6i phuong phap dé xuét tinh theo
Vhéng i~ hang 1

cong thuc, %, két qua & cot (3) va (5) cuia Bang 3.
hang 1
Bang 3. So sdanh gid tri Cuc dai Cua cdc cong cu phdn tich so véi cong cu dé xudt
n Ar s Chuyén vi x4 Goc xoay 0

v Congeuphantich  —eom T ) TYIe(%)  Giatd(rad) Ty 18 (%)

[0} B) 3) 4) 5)
1 Bai bao dé xuat 1,15 x 1073 - 1,51 x 10~* -
2 FP-MultiPier 1,20 x 1073 4,17 1,56 x 10~* 3,21
3 ADINA [8] 1,19 x 1073 2,36 1,52 x 107* 0,66
4 INFIDEL [8] 1,28 x 1073 11,30 1,62 x 1074 6,79

Két qua phan tich ¢ Bang 3 cho thay, chuyén vi ngang tai dinh coc va goc xoay duoc phan
tich tir giai phap dé xut kha gan vai két qua tur phan mém ADINA cua Carswell [8], twong tng
1a 2,36% va 0,66%; két qua phan tich so véi phan mém FP-MultiPier c6 do léch bé hon 5%.
Trong khi d6, néu so sanh chinh két qua do [8] thuc hién, chuyén vi ngang va goc xoay cua
INFIDEL léch so vai ADINA c6 ty 1€ twong tng 1a 7,56% va 6,58%.

4. Két luan

Bai bao da dé xudt mot giai phap phan tich ing xir dong cho moéng coc don tru dién gio xa bo.
Trong d6, mé hinh méng cuia cac nghién ciru di thyuc hién trude dé duge bai bao nay phat trién ra
mot huong nghién ctru mai, bang cach ap dung hé phuong trinh vi phan chuyén dong song phang
clia vat ran. Vi viée khai bao tai trong tac dung va cac thong s twong dwong ctia hé dat nén-
moéng, thong qua cong cu Matlab-Simulink, cho phép xac dinh dugc ngay cac ung xir cia md
hinh moéng. Théng qua vi du tinh toan cu thé, tai trong tuan hoan theo thoi gian, do 1éch cac
chuyén vi thu dugc so v6i nghién ctru da thuc hién va do bai bao kiém chimg déu khong qua 5%.
Noi dung bai bao chi méi ding lai ddi véi mé hinh c6 chuyén vi theo phuwong ngang va goc xoay,
can tiép tuc nghién ctru véi truong hop c6 xuét hién tai trong theo phuong dimg ciing nhu cac
loai tai trong phirc tap hon va cé su xuat hién cia két cdu phan trén.
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