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Hién nay viéc tinh toan day neo co vt treo cho o ]
mooring line tension.

cong trinh noi van sw dung loi giai gidi tich gan

dti‘ng cho day neo don, chwa phdan anh dung so 1. Mé dau
do lam viéc khong gian cua hé day neo. Phuong
phdp phan tir hitu han (PPPTHH) c6 thé dé gidi
quyét van dé nay mot cach tong quat. Néi dung

Céc cong trinh ndi: Phao, bén ndi, u ndi, cong trinh
ngoai khoi dugc giit vi tri bing hé ddy neo khong gian,
dé giam chuyén vi ciia cong trinh nodi, trén day neo
thuong dat cac vat treo (phao hodc vat nang). Cac day
neo chiu tai trong ban than va tai trong tac dung 1én
vatnoi do gid, dong chay va song. Hién nay trong thiét
ké hé day neo co vat treo, cac tai trong 1én vt ndi duge
chia vé cac day neo don, sau d6 sir dung cac cong thirc

bai bao trinh bay mé hinh hoa hé day neo nhu hé
gian khong gian, ldp thudt todn va chuwong trinh,
dp dung dé tinh todn thuc té, két qua khang dinh
tinh ding ddn ciia thudt todn va chwong trinh.
Viéc itng dung PPPTHH da gidi quyét dwoc bai

todn tinh todn h¢ day neo khong gian 6 vat treo, gan diing dé tinh toan cho timg day neo. Trong chi dan
theo ding so do lam viéc thuc té cua h¢ day neo, thiét ké day neo cuia Hai quan My [3] néu cach tinh
chuong trinh da ldp giup viéc tinh toan hé day day neo don c6 mot vat treo: Vat treo s& quy doi thanh
neo co vt treo chinh xdc va hiéu qua. mdt doan diy neo c6 cung khéi lugng, ap dung 10i giai
Tir khéa: Ddy neo khong gian, cong trinh néi, cﬁa’ dé}l neo don khong co6 vt treo dé tinh. Chi dafln
phan tir hitu han, vit treo, luc cang day neo. thiet ke ctia Nga [9] néu cach tinh bang cong thirc gan
Abstract diing.

Céc nghién ctru cong bd nude ngoai vé diy neo co
vt treo, dién hinh c6 hai nghién ciru. Tkpoto Enefiok
Udoh [4] dya vao bai toan diy neo don trong chi dan
thiét ké ciia My, xay dung duong cong quan hé giita
d0 dich chuyén day neo va lyc ngang dé xéac dinh do
clirng cua ting day tur d6 xac dinh d6 cing cia hé theo
hai phuong X, Y va ding phuong phap thir dan dé xac
dinh d6 dich chuyén cua vét ndi va luc cing trong cac

Currently, the calculation of anchor lines with
hanging objects for floating structures still uses
approximate analytical solutions for single
anchor lines, which do not accurately reflect the
spatial working diagram of the anchor line
system. The finite element method (FEM) can
solve this problem in a general way. The content

of the article presents the modeling of the anchor day. Ever Coarits va Leonardo Flores [5], chia diy neo
line system as a space truss system, establishes thanh cac doan tai vi tri dat vat treo, sir dung ma tran
algorithms and programs, applies them to actual d6 cting 14 cac ham Lagrang chira 4n s6 luc cing, sir
calculations, and the results confirm the dung hai vong 1ap dé tinh luc cing va chuyén vi, phu
correctness of the algorithms and programs. The hop voi day neo don. Ca hai thuét toan néu trén phu
application of FEM has solved the problem of hop voi hé¢ day neo don gian.

calculating space anchor lines with hanging Trong nudc, tac gia Nguyén Qudc Hoa [2] tinh day
objects, according to the actual working diagram neo don c6 vat treo twong tu nhu cach tinh trong chi
of the anchor line system, the established dan cua Hai quan My. Cac nghién ciru clia cac tac gia
program helps to calculate the anchor line khac 1a nhiing nghién ctru tinh toan day neo khong co
system with hanging objects accurately and vat treo. Chua c6 nghién clru ndo tinh toan h¢ day neo
effectively. khong gian c6 vat treo bang PPPTHH. Nhin chung
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hién nay cach tinh ddy neo c6 vét treo phd bién van
dua vao bai toan day neo don, cach tinh hé khong gian
chua tong quat va thu cong. Viée tinh toan hé day neo
khong gian c6 vét treo can 4p dung PPPTHH, phuong
phap nay co thé giai bai toan ndy mot cach tong quat,
cho phép tinh toan hé day neo theo so dd khong gian
6 sb vat treo tuy y, s€ thudn tién dé phat trién thuat
toan tinh dao dong cua h¢ day neo.

Hinh 1 minh hoa viéc ap dung cac vat treo la vat
niang hodc phao treo diy neo cho cac cong trinh ndi.

Hinh 1. Ddy neo khong gian co vt treo

2. Tinh toan diay neo khong gian co6 vat treo
bang PPPTHH

2.1. M6 hinh hoa ddy neo theo PPPTHH

Theo PPPTHH, hé day neo dugc mo hinh hoa
thanh hé gian khong gian bao gdm cac thanh ndi véi
nhau bang khop. Tai trong tac dung 1én day neo 1a tai
trong ban than, tai trong tir cong trinh ndi do séng, gio
va dong chay giy ra, cac tai trong nay dwoc quy vé
cac lyc dat tai cac nut. Tai trong do cac vét treo phao
hoac vét nang gay ra dugc mo hinh hda thanh céc luc
tap trung theo phwong thing dung dit tai cac nut c6
vat treo nhu Hinh 2, chiéu cua céc luc hudng 1én trén
néu vat treo 13 phao, hudng xudng dudi néu 1a vat

ning, viéc nay dé dang thuc hién duoc trong PPPTHH.

Cong trinh ndi duge mo hinh bang hé gian khong bién

hinh, cong trinh chi dich chuyén trong mit phing
ngang XY khong dich chuyén theo phuong dung Z.
2.2. Ma trdn dj cwng cua phdn tir ddy neo

Theo [5], [6] do chuyén vi niit phan tir ddy neo co
gia tri 16n nén h¢ day neo 1a hé mém, chinh vi vdy ma
tran do cimg ciia moi phan tir s& bang tong cua do
ctrng hinh hoc va dg cig dan hdi, duoc xac dinh theo
cong thire (1):

(K] = [Krle + [Kq], (1)
Trong do:

[Kr]. - Ma tran d6 cimg dan hdi dic trung boi vat
liéu day neo;

[Kg]e - Ma trén d6 cting hinh hoc.

Céc ma tran nay xac dinh theo cac cong thuc (2),

3):
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Trong do:

E - M6 dun dan hoi, dic trung béi vat liéu phan tir;

F - Dién tich mit cat ngang phan tir;

L - Chiéu dai phan tir;

T- Lyc cing cia diy neo (phu thudc vao chuyén
vi cua day neo, chua xac dinh).

Luc tac dung 1én vat ndi
Séng

N /M() hinh vat néi

WYaVaV

‘\ Mat nuéc

Khép néi

Dong chay
B —— L
Luc cta vat nang .
Phan ti day neo

Luc ctia vat nang

Luc ciia vat nang

Luc clia vat nang

Day bién

Hinh 2. M hinh héa diy neo bang PPPTHH
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2.3. Tdi trong trén phén tiv

Hién nay trong thiét ké, day neo chi chiu tai trong
ban than nén tai trong tac dung 1én phn tir chi Ia tai
trong ban than. Xét mot phﬁn tir trong hé toa do téng
thé XYZ, tai trong ban than 1a tai trong phan bd déu,
huéng xudng dudi theo phuong thing dimg Z. So do
tai trong phan tir dwoc thé hién nhu Hinh 3.

z X

X
Hinh 3. Tii trong bén thén tdc dpng lén phén tiv

Véc to tai trong nut 1a céac lyc theo cac phuong X,
Y, Z tai hai ddu dugc xéac dinh theo cong thuc (4):

I
} “

Trong do:

g - Tai trong phan b (12 hing sb);

L - Chiéu dai phan tir.

Do day neo nim trong nudc nén tai trong phan bd
tinh theo cong thirc (5):

q =nr’g(p; — py) )

Trong dé:

r - Ban kinh day neo;

pe - Khéi luong riéng vat lidu;

pn - Khoi lugng riéng cua nude.
2.4. Ma trgn chuyén hé truc toa d

Theo [1] ma tran chuyén hé truc toa do cua phén
tr gian khong gian xac dinh theo cong thirc (6):

lx my Ty

ly m, mn, 0
_ lz m, n,
[Tl = L, m, n, (6)
0 ly my n,

lz m; Ny

Trong do: I, my, ny L, m,, n, va I, m,n. la cac
cosin chi phuong cua truc x, y, z trong h¢ XYZ.

Pé x4ac dinh dugc hé truc toa dd cuc bd can xéac
dinh hudng cua ting truc. Truc x dugc xac dinh dya
vao toa do niit diu va nat cudi. Do phdn tir diy neo c6
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tiét dién tron nén truc z cua cac phﬁn tr ludn dat song
song v6i mit phing XY, ta c6: Z = X X Z, truc y xéc
dinh theo cong thirc: y = Z x ¥ khi biét huéng ctia
truc z.
2.5. Tdi trong do cong trinh néi va vit treo

Tai trong do cac vat treo va tai trong duoc quy vé
tai trong dat tai nit va duge cong vao véc to {F} tai
céc vi tri trong img v6i chi s6 chuyén vi.
2.6. Diéu kign bién

Diéu kién bién hé day neo dugc thé hién tai cac vi
tri ddc trung: Dau day ndi voi ria neo trén mit dat va
cudi day neo ndi voi vat ndi. Tai vi tri ndi riia neo, cac
chuyén vi theo X, Y, Z déu bé‘mg 0. Tai vi tri cudi day
neo chuyén vi theo phuong Z bang 0.
2.7. Lwc cang ddy neo

Day neo lam viéc nhu phan tir gian chi chiu kéo,
luc cang dugc xac dinh dya vao do bién dang dai cua
phan tir theo cong thirc (7):

_ ExFxAL

T="7 ™

Trong do:

T - Luc céang;

E - Mb dul dan hoi;

F - Dién tich mat cit ngang;

L - Chiéu dai phan tu.

Luc cing duoc coi 14 hing sé trong mdi phan tu,
dua vao lyc cang ta xac dinh dugc véc to lyc nit do
ndi lyc gay ra. Bieu kién day neo & trang thai can bang
khi cac véc to lyc nat do ngoai luc va ndi luc can bang
nhau. Véc to lyc mit phan tir do ndi lyc gay ra xac dinh
theo cong thuc (8):

(—1

{Fe}m = [T]e ®)

o o~Noo

2.8. H¢ phwong trinh ddy neo

Sau khi xur ly diéu kién bién, hé phuong trinh can
bang day neo dugc xac dinh theo cong thire (9):

[K]p{u} = {F}, )

Trong do:

[K], -Ma tran d6 cing hé day neo sau khi xtt 1y
diéu kién bién;

{u} - Chuyén vi nut hé day neo can tim;

{F}, - Véc to luc nat hé diy neo sau khi xt 1y
diéu kién bién.
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2.9. Gidi hé phwong trinh ddy neo

Do ma tran do cimg [K], c6 chira luc cing phan
tir T'1a dai lugng chua xac dinh, do 6 [K1,, {u} déu
chua xac dinh. Dé giai hé phuong trinh nay sur dung
phuong phap lap, bang cach gia dinh gia tri {T}o ban
dau, tir d6 xac dinh dwoc chuyén vi {u}, tinh lai luc
cang phan tir day neo, sau mdi budc s kiém tra diéu
kién can béng nut, d6 chénh 1éch gitra ndi lyc va ngoai
luc xac dinh theo cong thirc (10):

{aF} = {F}, — {F}u (10)

D6 chénh nay dung dé tinh chuyén vi va luc cang
cho vong lap tiép theo. Vong lap s& két thiic khi {AF}
dat sai s6 cho phép. Dwa vao thudt toan trén tac gia lap
chuong trinh tinh trén Mathcad Prime.

Viéc giai hé phuong trinh (9) dugc thuc hién theo
so d0 thuat toan trong Hinh 4.

— R N T
<R___?itda3 ] _/)

-

Vao 36 Eéu {T}y, [TD],, ddc
treng hinhhoc, co Iy divneo

.

Tinh [£],,[T],. {F1,.
{r} = {1}, [TDl1 =[TDI],

I

Tinh [K]. {F}, xi¥ I tai
trong nit, tinh [K];, {Flp

:

{cv} =0, {aF}={F};
»l

v

giai phwong trinh

(&1, {acv} = {F},

I

‘ {evd = {cv} + {acv) ‘

-

‘ Xac dinh [TD], {T}. {Fl, ‘

|
L i

‘ {AF}={F};, — {F} ‘
Sai l’

___:- max [{AF} < & -::::Z::

T Bring
A J

‘ Xuatkét qua [TD], {1}, {cv} ‘

— - _L _ .
C ®étmge )

Hinh 4. So d6 thudt todn
Trong d6:
{T}, - Véc to luc cang gia dinh ban dau;
{T} - Véc to lyc cang sau mdi budc tinh;
[TD], - Ma tran toa d6 niit ban dau;

[TD] - Ma tran toa d6 nut sau mdi budc tinh;

{CV} - Véc to chuyén vi nat sau mdi bude tinh;

{ACV} - Véc to sb gia chuyén vi niit sau mdi bude
tinh;

{AF} - Véc to luc chénh 1éch gitta tai trong do
ngoai lyc va noi lyc tai cac nut;

& - Sai s6 cho phép.

Noi dung thuat toan cé thé tom tit nhu sau:

- Budc 1: Vao céc sb liéu ban dau: {T},, [TD],,
dac trung hinh hoc, co 1y day neo;

- Budc 2: Xac dinh cac dai luong: [K],., [T].,
{F}e, [K], {F}, [Klp, {F}p;cho {CV} =0,

{AF} = {F}y, {T} ={T}o, [TD] =[TDly;

Buéc 3: Xac dinh {ACV}, {CV}, [TD], {T},
{F}u, {AF} ={F}, — {F}u

- Budc 4: Kiém tra di€u kién can bang nut:
max [{AF}| < g

- Néu diing thuc hién budc 5, sai quay vé bude 3;

- Buéc 5: Xuat két qua [TD], {T}, {CV}.
3. Tinh toan thuc té

Pé minh hoa viéc ap dung PPPTHH cho thuat toan
trén, tac giai 1ap chuwong trinh, tinh toan cho mot cong
trinh ndi thue té - u tau trén song dugc neo bé“lng hé
day neo khong gian c6 vat treo.

3.1. 86 liéu ban dau

Kich thudc va so dd neo duoc néu nhu Hinh 5. So
dd day neo ddi ximg qua truc X va Y, ddy neo 3 hop
v6i truc X mot goc 20°, khoang cach trén mit béng tur
cong trinh dén ria neo bang 43m, do sau khu nuéc
bang 20m, diy neo duong kinh 5cm, dai 50m. U ndi
chiu tai trong cua dong chay doc theo truc X bang
26,26T (257,6kN).

day 2

v day3
/‘\43.0\4 Ly
A e X
cong tinhngi ————* 35
day 1
k 165 day 4

Hinh 5. So dé neo cong trinh néi

20 30
Y

Hinh 6. So d6 chi sé nut
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Ap dung PPPTHH, cac day neo dugc chia thanh 9
phén tir, so d6 chi s6 nat duge thé hién trén Hinh 6 (dé
don gian cac niit trung gian khong thé hién trén hinh
v€). Hé truc toa do téng thé dat trén mat nudc, tai tim
u ndi trén mit bang. Tai trong dong chay dwoc phan
déu va dit tai cac nat 1 va 11 theo phuong X bang
128,8kN.

3.2. Khong co vit treo

Do két qua c6 nhiéu s liéu, tac gia chi néu két qua
dac trung:

- Chuyén vi theo phuong X cua nat 1 va 11:
3,004m, thé hién két qua dbi xtng do so dd tai trong
va két cdu dbi xtng;

- Lyc cang 16n nhat caa day 1 va day 2: 152,82kN
(15,578T);

Sau khi chuyén hé toa 6 vé mat phang ddy, ta c6
lyc ngang tai nit 1 béng 38,79kN (14,15T), lyc nay sé&
4p dung dé tinh day neo theo giai tich.

Dé kiém tra thuét toan va chuong trinh ty 18p, tac
gia so sanh két qua véi 101 giai giai tich chinh xéc [4]
theo cong thire (11), (12), (13):

arcsinh [ﬁ + tan(@o)]} (11)

—arcsinh[tan(6,)]

x() = a{

20 =a {cosh E + arcsinh(tan(@o))]} (12)
— coshlarcsinh(tan(6,))]

1 2
T() = H |1+ (2 + tan(6y)) (13)
Trong do:
H
a=-,
w

H - Luc ngang tai diu cua day neo;

w-Trong lugng day neo trén mdt don vi chiéu dai;
6, - Goc tiép dit cia day neo;

x(1) - Toa dd x doc chiéu dai day neo I,

z(x) - Toa do z tai toa do x;

T(1) - Luc cang tai chiéu dai L.

Hinh 7. Do thi hinh dang ddy neo theo gidi tich va
PPPTHH

L-JOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

Két qua tinh toan cho thay luc cing 16n nhét bang
152,776kN (15,573T), so v6i PPPTHH sai sb rat nho:
0,003%. B thi hinh dang diy neo theo hai phwong
phap duoc thé hién nhu Hinh 7.

Db thi Y 1a hinh dang day neo theo giai tich, Y1
theo phan tir hitu han, ta thiy hai do thi nay tring nhau.
Duya vao két qua Iyc cang va hinh dang diy neo theo
hai phuong phép tinh ta thiy két qua tring khop
ching to thudt toan dung va chuong trinh tinh theo
PPPTHH chinh x4c.

3.3. Co vt treo

Trudng hop trén diy neo co vat treo, trén mdi day
dat 3 vat treo, mdi vat nang 5T, dt tai cac vi tri cach
déu nhau 13,1m tinh tir diém day neo ndi riia neo trén
mat dat. Do c6 nhiéu sb liéu két qua, tac gia chi néu
két qua ddc trung: Chuyén vi theo phuong X cta nat
1 va 11: 1,94m; Lyc cang 16n nhit cia day 1 va day 2:
299,13kN;

Tir két qua chuyén vi cho théy, khi co vat treo
chuyén vi theo phwong X cua u ndi giam: 3,004m-
1,94m=1,064m. Db thi hinh dang day neo 1 trong hai
treong hop co vat treo va khong co vat treo duoc thé
hién trong Hinh 8.

Do thi Y 1a dd thi hinh dang day neo khong co vat
treo, Y1 co vit treo.

4. Két ludn

Nghién ctru d Gmg dung phuong phap phan ti
hiru han dé mé hinh hoa hé diy neo nhu hé gian
khong gian, néu dugc cach xac dinh véc to tai trong
nat, ma tran d ciing, ma tran chuyén hé truc toa do
ctia phan tir day neo khong gian, 1ap duoc thuat toan
giai hé phuong trinh can bang bang phuong phap lap.
Tac gia da lap chuong trinh, tinh toan cho mdt cong
trinh, két qua chinh xac, cho théy thuat toan va
chuong trinh dam bao tin cdy, phuc vu tbt cho thiét
ké, dong gop vao viéc nghién ciru tinh toan hé day
neo c6 vat treo mot cach tong quat va higu qua.
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