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This article proposes a new model for calculating a single mooring line with clump
weights using the finite element method implemented in Sap2000 software. By
analyzing the behavior of the mooring line, the authors introduce a model that
utilizes the Cable element - designed to resist only axial forces - in combination
with the Nonlinear solver and the P-Delta Plus option. This configuration allows for
accurate modeling of large displacements and deformations by continuously
updating the stiffness matrix during the analysis. The proposed model effectively
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simulates the behavior of flexible mooring lines under significant loading
conditions, accounting for large displacements and nonlinear geometric effects. It
enables the determination of key response parameters such as mooring line
deformation, inclination angle, axial tension, lateral displacement of the floating
body, and forces acting on the anchor pulley. To verify the model’s accuracy, its
results were compared against those from an analytical solution presented in a
previously published study. The discrepancy between the two sets of results was
found to be minimal, confirming the model’s reliability. With the advantage of
being implemented in Sap2000 - a widely used structural analysis software in
Vietnam - the model is intuitive, easy to construct, and yields reliable results. It
shows strong potential for widespread application, not only in the analysis of single
mooring lines with clump weights but also in similar problems involving flexible
cable systems.

NGHIEN CUU TINH TOAN DAY NEO VAT NOI CO VAT TREO
TREN PHAN MEM SAP2000 NONLINEAR

Pham Quéc Hoan', Poan Pic Thanh
Truong Pai hoc Hang Hai Viét Nam

THONG TIN BAI BAO

TOM TAT

Ngay nhéin bai: 20/4/2025
Ngay hoan thién: 15/7/2025
Ngay ding: 15/7/2025

TU KHOA

Day neo

Cong trinh ndi

Phuong phap phén tir hitu han
Sap2000

Phén tich phi tuyén

Noi dung bai bdo dé xuat mé hinh méi phuc vy tinh toan diy neo don trong truong
hop c6 vét treo bang phuong phap phan tir hitu han sir dung phan mém Sap2000.
Théng qua viée phén tich tng Xt cia ddy neo, nhom tic gia da dé xuat mé hinh st
dung phan tir Cable — loai phan tir chi chiu tai trong doc truc va bo giai Nonlinear va
tiry chon P-delta Plus. Sy két hop nay cho phép mé ta chinh xac bién dang 16n va lién
tuc cap nhat ma tran d§ cimg trong qua trinh tinh toan theo bién dang. M6 hinh dé
Xuat c6 kha nang mo phong duoc tmg xir cia diy neo mém trong diéu kién vat noi
chiu tai trong lon bao gdm céc thong sé quan trong nhu trang thai bién dang, goc
nghiéng diy neo, luc kéo, chuyén vi ngang cta vét ndi va phan luc tac dong 1én ria
neo. Pé kiém chimg do chinh xac, mé hinh dugc di chiéu véi két qua giai tich tir
mot nghién ciru da cong b trude day. Sai sb giita két qua cia md hinh va phuong
phap gia tich 1a rit nho, ching to mo hinh 1a dang tin cay. M6 hinh xay dung trén
phan mém Sap2000 phé bién tai Viét Nam, truc quan, cho két qua dang tin cdy, hta
hen c¢6 thé duogc ng dung rong rii trong tinh toan dy neo don c¢6 vat treo va cac
dang day cable mém twong .
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1. Gioi thigu

Trong thoi gian gan day, cing v6i dinh hudng phat trién kinh té hudng ra bién, cong trinh nbi
ngay cang dugc ing dung nhiéu trong cac linh vyc nhu giao thong duong thuy, giao thong hang
hai, cong nghiép dong tau, quéc phong, khai thac dau khi, v.v. Trong qué trinh lam viéc, do vi tri
thuong ¢ nhitg khu vuc nhu trong song, ludng tau, cira bién, bén cang, ngoai khoi... nén cic
cong trinh ndi, dic biét 1a cac cong trinh ndi ¢b dinh chiu tic dong rat phirc tap tir mdi trudng bén
ngoai. Céc tic dong tiéu bicu c6 thé ké dén bao gdm cac tai trong sinh ra do song, gio, dong chay
va cdc tai trong sinh ra do tau neo budce, v.v. Vi cac dac dlem trén, hé thong day neo c6 mét vai
tro rat quan trong vi né ¢6 vai tro chii yéu trong viéc giit on dinh cho vét n6i néi riéng va toan bo
hé théng noéi chung. Tuy vay, viéc tinh toan hé théng day neo van chua duoc quan tim ding murc,
doi hoi co thém nhiing nghién ctru gitip cho viée tinh toan thém thuan tién, dé dang.

Viéc tinh toan cho ddy neo ctia vt nbi da va dang dugc dé cap dén ¢ trong nhidu cong bd khoa
hoc, ca ¢ trong nudc va qudc té. Tac gia Bertaux di dé xuat va tong hop co so 1y thuyét tinh toan
day neo trong tai lidu [1] vao nam 1976. T4c gia nay d trinh bay cu thé cac phuong trinh co ban dé
mo ta quy dao day neo theo dang phuong trinh Catenary va cac dai lugng quan trong khac nhu luc
kéo day neo, chuyén vi phao, lyc néng rua neo tai day, v.v. Trén thé gioi, hién nay, phuong phap
phan tir hitu han duogc sir dung rat rong rii dé tinh toan hé thong day neo cac cong trinh noi. Trong
phuong phap nay, nguoi tinh toan c6 thé st dung cac bd mi ngudn mé hay cac phan mém thuong
mai nhu OpenFAst, NREL Fast, Charm 3D, Ansys AQWA, Orcaflex, v.v. [2] - [7]. Céc cong trinh
dugc tinh toan & day bao gdm kho xang dau ndi (FPSO) tua bin gi6 dang no1 (WFTs), uneo... Cac
cong cu trén cho phép tinh toan cho rat nhiéu truong hop bao gom cac loai tai trong dong, t1nh day
neo Catenary, day neo don, day neo chum c6 va khong cé vat neo. Bén canh do, cling c6 mot so
cong trinh da nghién ctru tinh toén t6i wu khdi lwong day neo, d6 dat ngang cua vt ndi [8] - [10].
Tuy nhién, cac phan mém thuong mai thuong cd gia rat cao, con cic code mé hay cac chuong trinh
tinh toan t6i wu kha phirc tap va kho ap dung cho didu kién Viét Nam hién nay.

Trong nudc, da so cac tinh toan van sir dung phuong phap giai tich, thu dan. Bé don gian hoa
qua trinh tinh toan, cac gia thiét dugc rat nhidu nghién ctru st dung 1a day neo khong dan hoi va
day neo co goc nghiéng & day bang 0, hay néi cach khac dang lam viéc & trang thai gi6i han,
chiéu dai thuc cua day neo sau d6 dugc cong thém mot khoang duy trir tiiy vao cap va loai cong
trinh [11]. Do d6, két qua thu dugc thudng thién vé an toan, su 1am viéc cia ddy neo khong duoc
phan anh mot cach chinh xac nhat. Bén canh do, trong trudng hop dé ting 6n dinh cong trinh,
giam d¢ dat ngang day neo co6 treo thém vat ning, cac phuong trinh mo ta quy dao day neo tro
nén qua phue tap cho nén viée tinh toan gan nhu 1a bét kha thi [12]. Trong céc cong b6 ctia minh
[12], [13], tac gid Dao Van Tuan dé xuat str dung phuong phap phan tu hitu han dé tinh toan day
neo. Cac mé hinh sé dugc tac gia viét trén phdn mém Mathcad da giai quyét dugc hau het cac bai
tinh toan lién quan dén day neo trong truong hop cé va khong cé vat treo. Tuy nhién, glong nhu
viée st dung cac code m¢ da trinh bay ¢ trén, viéc tu 1ap trinh bang Mathcad doi hoi céan co kién
thirc rat sau khong chi vé day neo ma con vé toan hoc, vé 18p trinh va déc biét la vé phuong phap
phan tir hitu han. Vi vy, ddi v6i da sé ngudi tinh toan phd thong nhu k¥ su, sinh vién trong cac
truong dai hoc thi hudng tiép can trén 1a rat phirc tap.

Thuyc té trén doi hoi can cd6 mot phuong phap tinh toan day neo don trong truong hop ¢ vat
treo phu hop véi diéu kién Viét Nam vira dam bao chinh x4c, vira triec quan, d& thy hién. Chinh
vi vy, trong nghién ctru nay, nhom tac gia dé xuat xdy dyng mé hinh tinh toan day neo c6 vat
treo sir dung phuong phap phan tir hitu han. M hinh duoc xdy dung trén phan mém Sap2000 —
modt phan mém quen thuoc & Viét Nam. Két qua tinh toan s& dugc kiém chuan véi két qua da
dugc cong bd trude d6 dé chirng minh tinh dung dén cua mé hinh.
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2. Phuwong phap nghién ciu
2.1. Cdc phwong trinh co bén trong tinh todn ddy neo don vt noi

Hinh 1 thé hién so do bai toan phang tinh ddy neo don cua VAt noi, tong hop téc dong cua céc
yeu to bén ngoai dugc the hién bang tai trong F bao gom thanh phan nam ngang H va thang dung
V . Cac phuong trinh (1), (2), (3) 1a cac phuong trinh co ban thé hién quy dao day neo don:

z(x) = a.cosh E + arcshin(tan(GO))] —a. cosh[arcshin(tan(@o))] (1)
x(l) = a.arcsinh [é + tan(eo)] — a.arcsinh[tan(6,)] (2)

H
a= — 3)

w

Trong d6: x, z: toa d theo phuong ngang va phuong dang; 8,: 1a goc nghiéng cta day neo &
day; [, w: chiéu dai va trong lugng trén 1 m dai trong nudc cua day neo;

o

Hinh 1. So do tinh todn ddy neo don
Do dat ngang ctia vat noi S, chiéu dai day, do sau nudc d, luc cang day T dugc biéu dién nhu sau:

h= a [1 + (i n tan(eo))z]l/2 S (4)
a cos(8g)
S = a.arcsinh [é + tan(GO)] — a.arcsinh[tan(6,)] )
| 2
T() = H. [1+ <E + tan(00)> (6)

2.2. Tinh todn ddy neo vt noi bang phwong phdp phan tie hizu han
2.2.1. Co s6 Iy thuyét

C6 thé thay rang cac phuong trinh co ban trén rat kho giai dugc bang phuong phéap thong
thuong, dic biét 1a trong cac trudng hop c6 vat treo. Do do, bai bio nay s& d& xudt mé hinh tinh
toan sir dung phuong phap phan tir hiru han trén phan mém Sap2000. Do diy neo vat n6i thudng
la day xich hodc day cable nén khi lam viéc day neo co thé coi 1a chi chiu luc doc truc. Mt khac,
do do dat ngang cua vat ndi rat 16n nén bai toan duoc coi 1a bién dang 16n. Vi vay, khi tinh toan
bang phwong phéap phan tir hitu han can gia thiét nhur sau

- Coi day neo lam viéc nhu phan tir gian phang;

- Day neo duoc xem 1a dan hdi, hé mém, c6 chuyén vi 16n nén ngoai ma tran dan hoi can ké
thém ma tran d6 cimg hinh hoc. Ma tran d6 cang tong thé [K], nhu sau [12]:

[K]e = [KT]e + [Kg]e (7

[Kr], 12 ma tran d cimg dan hdi cua phan tir dan phing, duoc biéu dién nhu sau:
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1 0 -1 0
EAfo 0 0 0
0O 0 o0 O

Trong do: E, A, L, lan luot 1a md dun dan hoi vat liéu lam day neo, dién tich mat cit ngang day
neo va chiéu dai phan ta.
Ma trén d ctmg hinh hoc [K ] nhu sau:

0 0 0 O
~Tfo 1 0 -1

[Ky]e_l_ 0 0 1 0 ©)
0 -1 0 1

O day, T 1a lyc doc trong day neo. Cén luu y rang, T ludn thay d6i va phu thudc vao chuyén
vi, trong qua trinh tinh todn can dugc gia dinh trudc gia tri lyc cang va gia tri chinh xac phai
duoc xac dinh bang phuong phap lap.

2.2.2. Phan tich, lwva chon mé hinh tinh toan ddy neo don sir dung phwong phap phan tir hitu han
trén phan mém Sap2000

Tir co s6 1y thuyét duoc néu ¢ trén, md hinh day neo duoc xay dung trén Sap2000 nhu sau:

- Do day neo chi chiu lyc doc truc nén s& dugc mo hinh hoa béng cac phén tir Cable — loai
phén tur chi chiu tai trong doc truc, khong chiu udn;

-0 trang thai ban dau, day neo duogc xem la thfmg;

- Vi tri dat vat treo s€ chia thanh node. Tai cac node d6, trong luong cta vat treo dugc gan la
tai trong tap trung thang dung;

- Vi tri gan déy neo ¢ ddy b1en (rua neo) dugc coi la 6i ¢b dinh;

- Vi tri gén déy neo vao vat ndi dugc coi 1a 6i di dong;

- Téi trong ngang tac dong 1én vat ndi dugc coi 1a tai trong tap trung gan vao vi tri gbi d6. Noi
dung bai bao nay chi xét toi trudng hop tinh toan tinh cho day neo.

- Do bai toan diy neo mém, bién dang va chuyén vi 16n nén st dung bd giai Nonlinear cua
Sap2000 véi option P-delta plus, ddy 14 tiy chon cho phép cdp nhat ma tran bién dang nhu phan
tich & phan trén.

2.2.3. Kiém chudn mé hinh

Do hién nay chua c6 101 giai chinh xac tir phuong phap giai tich cho bai toan day neo don ¢6
vit treo nén trong phan nay, mo hinh xay dung trén phan mém Sap2000 s& dugc kiém chuan
bang cach so sanh voi két qua trong tai liéu [12] cho trudng hop diy neo don khong c6 vit treo.
Sau khi dugc kiém chuén, mé hinh nay s€ dugc van dung cho truong hop co vat treo.

Thong s6 dau vao ciia mo hinh diy neo don khong vt treo dugc tham khao tir nghién ciru
[12]. Cac s6 ligu dau vao cu thé nhur sau:

- Do sdu nuéde: d = 9,5 m;

- Chiéu dai day neo: [ = 20 m;

- Day neo bang thép E = 2,1e7 T/m? , dudng kinh day neo: 0,1 m;

- Téng luc ngang tac dong lén vat néi: H = 2,0 T;

Trong treong hop cé vat treo:

-S6 luong vat treo: 1, dat cach rua neo khoang cach 1a 5 m;

- Trong luong 1 vat treo trong nudc: 0,5 T.

M3 hinh tinh toan trong Sap2000 duoc thé hién & Hinh 2.
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Tai trong ngang 2.00 T 200

Géi di dgng
(vat nai)

Vi tri vat treo
X

Géi cd dinh
(riia neo)

(@) (b)
Hinh 2. M6 hinh tinh toan ddy neo don trong Sap2000: (a) khéng co vt treo, (b) co 1 vit treo
Bang 1 thé hién két qua thu dugc tir mo hinh x4y dung trén Sap2000 va so sanh két qua dé véi
két qua thu dwoc tir tai liéu [12]. C6 thé nhan thiy sai s6 giira hai phuong phap 1a rat nho (61 da 1a
0,18%). Tir d6 c6 thé két luan mo hinh tinh toan dwgc xay dung trén Sap2000 dugc kiém chuan.
M5 hinh s& dugc sir dung cho tinh toan day neo don ¢ gin thém vit treo voi s6 lugng bat ky.
Bang 1. Két quda tinh todn ddy neo don khéng cé vit treo

Ki higu/ Gid tri —
Dai luong don vi Mo hinh Phwong phap Sai so
j Sap2000 giai tich [12] (%)
Goc nghiéng cua day neo tai Vi tri dat rua neo 6y(rad) 0,277 0,277 0
Do dat ngang cua vat noi S(m) 17,440 - -
Luyc cing ddy tai vi tri vat noi T(T) 2,591 2,590 0,04
Luc ngang tac dung 1én rua neo V.(T) 2,000 2,000 0,00
Luyc thang dimg tac dung 1én riia neo H.(T) 0,571 0,570 0,18

3. Két qua va ban luin

Phan nay sé& trinh bay vé két qua tinh toan diy neo don trong truong hop co sir dung mot vat
treo. Hinh 3 thé hién bién dang cua day neo. C6 thé nhan thay rang, bién dang ciia day neo thu
dugc 1a hop 1y. Tai cac vi tri ¢6 vat treo c6 diém gdy, chimg t6 day neo bi vdng hon so véi cac vi
tri khac. Do dat cia vat ndi dugc suy ra tir chuyén vi ngang cua gdi di dong (—0,44 m). Do anh
huo‘ng cua tai trong do trong lugng ban than day neo va vat treo, du chiu tai trong ngang H, vat
ndi van chuyen vi vé phia rua neo (chuyén vi sang trai). Piéu nay phu hop véi thuc té cua day
neo vat noi.

Hinh 3. Bién dang ciia déy neo trong truong hop cé mét vt treo

Luc cing cta day neo dugc thé hién & Hinh 4a. C6 thé nhan thiy gia tri nay ting dan tir vi tri
dat rua neo t61 vi tri dét phao (2,02 =+ 2,70 T). Lyc tac dung 1€n rua neo cling dugc suy ra tir cac
gia tri phan lyc tai gdi ¢6 dinh & Hmh 4b. Céc gia tri cho thy rua neo c6 xu hudng bi nhic 1én va
chuyén dong vé phia phao. Gia tri nay cting phu hop voi thuc té.

Béng 2 tong hop két qua tinh toan va dugc so sanh voi két qua thu dugc tir mo hinh sé duoc
1ap trinh trén Mathcad tham khao tir tai liéu [12]. C6 thé nhan thiy rang két qua tinh toan cia mo
hinh x4y dung trén Sap2000 va két qua thu duoc tir tai lidu trén 14 tring khop. Nhu vy, mé hinh
xay dung trén Sap2000 cuia nghién ctru nay la dang tin cay.
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N

@ (b)
Hinh 4. Két qua tinh toan dady neo co rr}ét vdt treo: (a) Luc cang dady, (b) Phan lyc tai vi tri dat rua neo
Bang 2. Ket qua tinh toan ddy neo don co vit treo

Pai lrgng Ki hié¢u/ Gia tri
o don vi Mo hinh Sap2000  Tai ligu [12]
Goéc nghiéng day neo tai day 6o(rad) 0,12 -
Do dat cua vat ndi S(m) 17,16 -
Luc cing day tai vi tri vat ndi T(T) 2,70 2,70
Luc tac dung 1én rua neo theo phuong ngang V.(T) 0,24 0,24
Luc tdc dung 1én rua neo theo phuong dung H.(T) 2,00 2,00
J

(@) (b)
Hinh 5. Két qua tinh todn ddy neo ¢é hai vit treo: (a) Bién dang day, (b) Phan Iy tai vi tri ddt rixa neo

Dé kiém chung su 6n dinh ctia md hinh trong truong hop c6 nhidu VAt treo, phan nay sé trinh
bay két qua tinh toan cia truong hop c6 2 vét treo, vat treo thir hai cach vat treo thir nhat mot
khoang 1a 5 m theo phuwong doc day, cac théng sé con lai nhu mé hinh c6 1 vat treo. Bién dang
cua day neo dugc thé hién & Hinh 5a. Tai hai vi tri dat vat treo c6 su thay ddi vé do cong cua dady
neo. Day neo dugc chia l1am ba doan cong Catenary riéng biét: doan 1 tir vi tri rua neo dén vi tri
gan vat nang 1, doan 2 tir vi tri ddt vat nang 1 dén vat ning 2, va doan 3 tir vi tri dat vat ning 2
dén vi tri gan vat ndi. Luc tac dung 1én rua neo theo phuong ngang 1a 2,00 T, theo phuong dung
12 0,07T (Hinh 5b). Gi4 tri nay phan anh dtng thuc té 1a khi c6 thém vat nang thi luc ning ria
neo theo phuorng dung giam con luc ngang tac dung 1én rua neo chinh bang luc ngang tac dung
1én vat ndi. Ciing twong tw nhu phan trén, c6 thé thay rang bién dang day neo va cac gia tri luc tic
dung 1én rua neo 1a hop 1y, phan anh dung thyc té lam viéc ciia ddy neo, mo hinh 1a dang tin cay,
phut hop véi sb lugng vat treo bat ky. Nhu vay, v6i wu thé 1a tryc quan, dé thyc hién hon tu 1ap
trinh trén Mathcad hodc cac code twong tur, md hinh dugc dé xuét trong bai bdo nay hoan toan c6
thé dugc Gmg dung rong rai trong cac tinh toan diy neo vat ndi tuong tu hodc cac truong hop tinh
toan cho day cable mém.

4. Két luan

Bai bao da trinh bay téng quan vé Iy thuyét tinh toan day neo don vat ndi bao gdbm cac phuong
trinh mo ta quy dao day neo, cac dai lugng khac lién quan dén tinh toan cong trinh n6i nhu lyc
cang day neo, chuyen vi vat noi, luc nang rua neo. Bén canh do, nhoém tac gia ciing trinh bay ve
ndi dung tinh toan bang phuwong phap phan tir hiru han cho diy neo don c6 gén vat treo. Trén co
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s¢ phén tich 1y thuyét mb hinh tinh toan day neo don c6 vét treo trén phin mém Sap2000 da
dugc dé xuat. Cu thé, phan tur Cable va b giai nonlinear sur dung P-delta plus da dugc dé xuit dé
phu hop véi tinh toan diy neo mém, c6 chuyén vi va bién dang 16n. Bai bao di trinh bay va phan
tich mo hinh day neo c6 mot va hai vat treo. Két qua thu dugc tor m6 hinh trén Sap2000 la trang
thai bién dang cta ddy neo. Céc gia tri khac bao gdm luc cang ddy 16n nhat, do dat cua vat noi,
goc nghiéng day neo tai day va luc tic dong 1€n rua neo cling thu duge va duoc thé hién rét truc
quan. Pé kiém chuan mé hinh, két qua tinh toan da dugc so sanh véi két qua ctia mot cong bd
trude do. Su sai khac cua két qua thu duoc tir hai phuong phap 1a nho (gia tri 16n nhit 13 0,18%),
cho thay sy diing dén ctia mé hinh trén Sap2000, phu hop voi sO lugng vat treo bt ky. M6 hinh
xdy dung truc quan trén Sap2000 — phan mém quen thudc tai Viét Nam, cho ket qud tin cdy, hira
hen ng dung rong réi trong tinh toan day neo don co6 vat treo va day cable mém cho cic cong
trinh nhu phao neo don, cau phao ndi, tru tua-bin gi6 ngoai khoi tai Viét Nam. Vi kha nang mo
phong duoc cac tai trong dong ciia Sap2000, cac yéu té dong, ngiu nghién cta méi truong nhu
song gio, dong chay s& duoc thyc hién trong cac nghién ciru tiép theo.
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