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MO PAU

1. LY DO NGHIEN CU'U CUA DE TAI

Theo thng ké ctia T6 chirc cac nudc xuat khau dau mé (OPEC) [69] vé
danh sach cac quc gia co trir lugng dau mo trén thé gidi, Viét Nam dimg thir
28 trén 99 qué)c gia xuit khau dau mo, c6 san lugng dat xép xi 4.400 triéu
thing/nam. Véi loi thé bo bién dai hon 3260 km véi hang nghin déo 16n nho,
trong d6 c6 hai quan dao xa bd Hoang Sa va Trudng Sa cing véi ving dic
quyén kinh té va thém luc dia khoang hon 1 triéu km? hta hen mot nguén tai
nguyén bién phong phu va da dang, cho thiy bién ngdy cang c6 vai tro to 16n
d6i v&i su nghiép phat trién cta dat nudc. Hién nay nudc ta 13 nudc khai thac
dau 16n thir ba khu vuc Pong Nam A. Ngudn trit lwong dau khi chil yéu nam
trén ving thém lyc dia Viét Nam, bao gém: cac bé tram tich Song Hong, Ph
Khanh, Ciru Long, Nam Con Son, Malay — Thé Chu [67]. Cac mo chira dau
khi dugc tim thdy ngay cang xa bo, co do sau nudc ngdy cang 1on va diéu
kién méi truong bién tic dong ngdy cang khic nghiét hon. Vi vay két cau
cong trinh bién cd dinh ngay cang kho dap tng vé mat kinh té k¥ thuat va két
cau cong trinh bién ndi (CTBN) ngay cang dugc sir dung rong rii hon trong
nganh cong nghiép dau khi trén toan thé gidi. Pay 1a giai phap t6i wu vé mit
kinh té k¥ thuat, gop phan lam giam chi phi dau tu dic biét khi cac cong trinh
hoat dong trong vung nudc sau. Cdc CTBN c6 tinh linh dong cao, dé dang
dua di khao sat tham do dau khi, khi can sira chira ciing dé dang dua vao u va
phu hop hoat dong trong nhiéu ving nuéc khac nhau. Khi & trang thai khai
thac, cac CTBN duoc ¢d dinh tai khu vue khai thac bﬁng hé neo, do vay h¢
neo 13 két cau rat quan trong cia CTBN, doi hoéi tinh toan thiét ké can c6 do
chinh xé4c cao, dam bao kha nang giit cong trinh trong cac diéu kién cuc han
thiét ké, dong thoi tranh ton that, lang phi vat liéu bai CTBN thudng dit ¢

ngoai khoi ¢6 do sau nudc 16n nén cac day neo thuong cé chiéu dai 1on.



- Hién nay, qua trinh thiét ké hé neo thudng tuan thi theo cic quy dinh
dugc néu trong cac quy pham phéan cip va huéng dan hién hanh (cac QCVN,
TCVN 6474; APl RP 2 FP; API RP 2T; API RP 2FPS; ABS; DNV-OS-
E301,...). Céc tai liéu nay do cac to chirc phan cap dua ra va da néu ra dy du
cac diéu kién tinh toan thiét ké (bén, moi), cac diéu kién han ché (gidi han
tuong ng voi cac diéu kién thiét ké, hoat dong) cling nhu cac phuong phép
va quy trinh tinh toan hé neo. P& c6 thé thuc hién dugc cac phuong phap va
quy trinh tinh todn dua ra trong cac hé théng quy pham doi hoi nha thiét ké
phai sin c6 mot chuong trinh tinh todn chuyén dung tinh toan hé day neo. Céc
chuong trinh tinh toan hé day neo hién nay trén thé gi6i kha nhiéu, duoc phat
trién boi cac cong ty va vién thiét ké 16n (Mooring; Ocarflex,...) tit ca cic
chuong trinh thuong mai nay déu co gia kha dit, co giao dién twong tac kha
tryc quan, nhung ban chit hoc thuat cua qua trinh tinh toan h¢ day neo déu
chtra trong cac “hdp den” nén khi st dung nguoi ky su thiét ké chi biét duoc
nhimg két qua bién d6i ctia dau ra khi thay doi sé liéu dau vao. Day ciing 1a
mot kho khan vé mat khoa hoc ky thuat trong qua trinh doc lap thiét ké hé neo
cho CTBN trong diéu kién cua Viét Nam.

-Céac CTBN c6 hé neo hoat dong trong ving bién c6 diéu kién moi
truong khac nghiét (song, gié phuc tap va do sdu nude 16n hon) ngay cang
dugc sir dung phd bién. Diéu nay cling doi hoi ngudi k§ su phai co su hiéu
biét hon trong tinh toan thiét ké CTBN.

-Pé giup cac k¥ su thiét ké dan dan 1am chi duoc cong nghé, can phai
c6 nhitng cong trinh nghién ctru chuyén sdu vé hoc thuat, tir d6 gbp phan
chinh xac hoa két qua phan tich, giup giam thiéu rui ro xay ra, giam chi phi

trong qua trinh ldp dit, van hanh, khai thac cong trinh.



2. MUC PiCH CUA PE TAI

Véi cac 1y do trén tac gia da chon huéng nghién ctru chuyén sau vé hoc
thuat trong tinh toan hé day neo cua CTBN hoat dong trong ving bién Viét

Nam.

Muc dich cua dé tai la xay dung thuét toan va 1ap chuong trinh tinh toan
hé day neo CTBN v&i mo hinh sat véi diéu kién 1am viéc thue té ctia hé day

neo CTBN hoat dong tai ving bién Viét Nam.
3. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI

Pé tai gitip tac gia nang cao kién thirc ciing nhu kha ning ty nghién ctu,
ung dung va phat trién khoa hoc k¥ thuat, dac bi¢t trong linh vuc Ky thuat tau
thily va Cong trinh bién.

Pé tai co nhitng dong gop nhat dinh trong linh vuc cong nghé thiét ké hé
neo CTBN nhu sau:

- M6 hinh toan va thuat toan ma dé tai dua ra c6 thé ap dung lam co sé&

trong tinh toan dong luc hoc hé day neo ctia cac CTBN.

- Két qua moi ciia dé tai 1a chuong trinh tinh toan lyc cing va xac dinh
duogc chuyén vi cta day neo trong hé ddy neo CTBN theo md hinh khéng gian

ta1 Viét Nam.
Do d6 d¢é tai c6 y nghia khoa hoc va thuc tién cao, boi vi:

- Ban than k¥ su thiét ké ciing kho 1am chu duoc phin mém dé co thé
kiém soét cac két qua phan tich thiét ké khi khong c6 day du nén tang kién
thirc. Vi vay két qua dua ra ctua dé tai c6 thé duogc sir dung nhu 1a mot sy bo
trg vé nén tang kién thirc va 1a co so dé thiét ké phan mém cua ngudi Viét

Nam trong thiét ké hé day neo CTBN.



-Pé tai 1a mot mét xich quan trong trong qua trinh phat trién k¥ thuét
thiét ké cac CTBN trong ving bién Viét Nam goép phan dan dan timg budc
chu dong trong thiét ké cac CTBN phirc tap. Khi chu dong vé cong nghé thiét
ké s& gop phan lam chu va dua ra nhimg phuong an pht hop (vé mat gia

thanh, diéu kién van hanh, diéu kién thi cong thuc té,...).

- Cac két qua nghién ciru cua dé tai duoc kiém chtng thong qua cac phan
mém ctia nude ngoai tai CONG ty cd phan dau tu ky thuat va phat trién cong
nghé bién Viét Nam VIMARTEC chimg minh d6 tin cdy cta thuét toan va y
nghia thyuc tién cua chuong trinh code do dé tai xay dung. Nhu vy dé tai da
dong gop mot phan vao cong cude ndi dia hoa cong nghé thiét ké hé day neo
khong gian cho cac CTBN tai Viét Nam.

-Pé tai con 1a tai liéu tham khao hiru dung dé cac nha nghién ctru ciing
nhu cac k¥ su co duge nhan quan sau sic vé phuong phap tinh toan hé day
neo cho CTBN trong ca linh vuc nghién ctru va thuc hanh.

4. POI TUQNG VA PHAM VI NGHIEN CUU

Mot hé thong CTBN c6 ddy neo bao gdm céac phan chinh sau:

- Kién trc cong trinh ndi;

- H¢ day neo (day neo vong hodc day neo cang);

- Neo (bang coc hodc neo hang hai).

Trong tinh toan CTBN, c6 nhiing bai toan co ban sau can nghién ctru:

- V6i vat thé ndi (Iva chon kich thudc co ban, chon quy cach két chu,
kiém tra bén, tinh toan 6n dinh tinh va 6n dinh dong,...).

- V61 duong day neo (tinh toan xac dinh phan tng cia hé day neo, luc
cing trong diy neo, chuyén vi va quy dao diy neo, xac dinh dudng kinh,

chiéu dai duong day neo, tinh todn bén va moéi duong day neo,...).



- V61 neo (Tinh toan chon loai neo, kich thudc, trong luong neo, chiéu
sau dat neo, bi€n phap thi cong neo,...).

Déi twong nghién ciru ciia dé tai: Dbi tuong nghién ctru cua dé tai 1a hé
day neo vong neo CTBN. Dé tai tdp trung gidi thiéu va dua ra cac ki thuat
trong qua trinh tinh toan dé xay dung thuat toan tinh todn hé day neo theo mé
hinh khong gian. Trong tim cta dé tai 1a tinh toan hé day neo vong dang mot
diém neo tmg dung cho cac CTBN dang FSO va FPSO hién nay dang sir dung
nhiéu ¢ ving bién Viét Nam.

Pham vi nghién ciru: Pham vi nghién ctru cua dé tai 1a nghién ctru thuat
toan tinh toan lyc cing trong diy neo va chuyén vi ctiia ddy neo ddi véi loai
day neo vong, mot diém neo, khong co vt treo (vat nang gia tai trén day neo),
Khi d biét gia tri to hop luc tic dung 1én CTBN. Xac dinh gia tri ndi luc phan
b trong cac diy neo va chuyén vi ctia cong trinh dudi tac dung cua tai trong
moi truong, dugce xét cho ca 2 truong hop bai todn tinh (tai trong tac dung la
tai trong tinh hodc tua tinh) va bai todn dong (tai trong tac dung la tai trong
dong). Tur cac két qua ndy nguoi k¥ su s& st dung dé phan tich thiét ké lura
chon day neo phi hop v6i cac CTBN theo yéu cau thiét ké.

5. PHUONG PHAP NGHIEN CUU

Tac gia nghién ctru cac h¢ day neo str dung cho cac CTBN hién hitu trén
thém luc dia Viét Nam, nghién ctru cac dac trung chung va riéng biét cua tung
loai tir 46 chon phwong phap nghién ciru, d6 1a dya trén quan diém phan tich
dong luc hoc cho dudong day neo.

- Phan tich trang thai 1am viéc cua két cdu day neo, tir 46 x4y dung mo

hinh tinh todn: M6 hinh dong luc hoc h¢ day neo khong gian.



- Nghién ctru ap dung phuwong phap phan tir hitu han (PTHH) thiét lap
cac hé sd hé phuong trinh vi phan dao dong va giai bai toan ddy neo phi
tuyén.

- Nghién ctru phuong phéap phén tich dong luc hoc két cau phi tuyén theo
mién thoi gian cy thé 1a phuong phap Newmark (Newmark Explicit Method)
trong bai todn dong luc hoc két cAu hé day neo.

- Can ctr trén sd liéu thuc té tién hanh kiém nghiém danh gia két qua dé
ching minh dg tin cdy cta thuat toan.

6. BO CUC LUAN AN

Luan 4n gém 150 trang thuyét minh, trong d6 c¢6 23 bang, 67 hinh va d6
thi, tai liéu tham khao, phan phu luc, duoc ciu tric boi phan mé dau, 4
chuong, phan két luan, tai liéu tham khao, phu luc.

Mé dau:

Trinh bay tinh cép thiét cua dé tai, muc tiéu, doi tuong, pham vi va
phuong phap nghién clru cua luan an.

Chwong 1: Tong quan vé tinh toan hé day neo cong trinh bién nbi.

Trinh bay vé cac loai CTBN c¢o day neo, phan loai va dac diém cua hé
neo cac CTBN. Phan tich, danh gia mot sé cong trinh trén thé gidi va trong
nudc trong tinh todn day neo CTBN. Tt d6 xac dinh muc tiéu cua luin an va
phuong huéng dé dat dugce muc tiéu.

Chuong 2: Co s6 1y thuyét.

Nghién ciru cac co s 1y thuyét sé ap dung dé xay dung thuat toan tinh
toan dong luc hoc hé diy neo theo mé hinh khéng gian. Bao gdm ly thuyét
song tuyén tinh, 1y thuyét song thyc, 1y thuyét dong chay, cong thirc Morison,
phuong phap PTHH, phuong phap Newmark.



Chuwong 3: Xay dyung thuat toan tinh todn hé day neo cong trinh bién ndi theo

mo hinh khéng gian.

Phan tich diéu kién song bién Viét Nam. Cac dang phd séng thuong
dung tir 46 xay dung thuat toan dé thiét 1ap mit song ngau nhién tao tién dé
cho tinh toan tai trong song tac dung 1én két cdu diy neo cta cac CTBN tai
Viét Nam.

Nghién ctru xay dung thuat toan tinh toan duong day neo don dudi tac
dung cua tai trong ban than.

Nghién ctru xay dung thuat todn tinh toan h¢ day neo md hinh khong
gian c6 tinh dén tai trong song ngu nhién va dong chay tac dung truc tiép 1én
day neo.

Chuwong 4: Lap chuong trinh va kiém nghiém thuat toan tinh toan hé day neo
cong trinh bién ndi.

Xay dung chuong trinh trong moéi truong Mathcad, chay chuong trinh
cho két qua, danh gia két qua cua chuong trinh véi két qua do phan mém c6
ban quyén Ocarflex tinh toan.

Két luan:

Trinh bay cac két qua chinh, nhitng dong gbép mai cua ludn an va cac

kién nghi.



CHUONG 1. TONG QUAN VE TINH TOAN
HE DAY NEO CONG TRINH BIEN NOI

Trong chuong ndy s& trinh bay khai quat vé CTBN duoc lién két voi day
bién boi hé théng day neo, phan loai va dac diém cua cac hé neo CTBN. Phan
tich mot sb cong trinh nghién ciru vé tinh toan diy neo trén thé gidi va trong
nudc. Tur d6 dua ra nhan xét va dinh huong vé cach tinh toan hé day neo

CTBN tai Viét Nam.
1.1. Giéi thiéu vé cong trinh bién noi

Theo [2], CTBN la mot dang cua cong trinh k¥ thuat ngoai khoi, chung &
trang thai n6i khi di chuyén va khi khai thac, dugc lién két v6i day bién bang
hé neo. CTBN ngay cang duoc sir dung pho bién vi nhitng wu diém noi bat

trong qua trinh hoat dong khai thac. Cac vu diém do 1a:

- Co thé tang strc nang va dién tich mat bang khai thac do c6 thé ghép
nhiéu phan doan v&i nhau;

- Tan dung dugc vung mat nudc, tiét kiém duoc dién tich mat béng, giam
dugc chi phi san lap mé rong dién tich va khong gay anh huong dang ké dén
ché do thuy van cua khu vuc khai thac;

- Tao diéu kién thuan loi trong qua trinh déng va stra chira;

- Tinh linh dong cao, co thé sir dung & cac dia diém khai thac khac nhau.

Trong linh vyc khai thac dau khi, xu hudng trén thé gi6i hién nay 1a phat
trién cac CTBN c¢o neo giit, vu diém 1a cho phép dua ciac mo méi vao khai
thac nhanh, xay dung dugc ¢ nhimng noi nudc sau ma it ton kém hon so véi
nhimg cong trinh bién ¢ dinh. Bén canh nhitng CTBN c¢6 neo giir con ¢6 cac
hoat dong phuc vu cta cac phuong ti¢n noi. Chting déu c6 hai trang thai khi
khai thac, d6 1a trang thai neo giit va trang thai di chuyén nhung mang céc

tinh chat khac nhau.



Theo muc dich str dung, CTBN chia thanh ba phan nhém (hinh 1.1).

CTBN
| q |
Gian ban chim Kho no6i Phuong tién noi
PT nbi S—
|  Khondidangtau |__ phuc vu di hno1
L | FSO Lo e
thi cong
Dang phao [ FPSO Taucdu || Salan
i nha [}
Dang ¢t on dinh [ | Tau kéo ,
FDPSO | nghi
[ Dangkhic | | Tandinh o an
Vi by I
can
o ciu

Hinh 1.1. So' @ phan loai cong trinh bién noi

- Gian ban chim (hinh 1.2): Phan chim cua cong trinh dugc dat & mot do
sdu tuong d6i 10n so véi myc nude bién. Két cau chinh gdm cac ponton, phia
trén ndi lién voi hé théng cac cot thang dimg, dong thoi ndi véi cac thanh
giang thang va thanh giang chéo, sao cho luong chiém nudc khéi luong du
can bang vai tong cac thanh phan khdi lugng cia gian. Nhimng gian ban chim
c6 thé di chuyén duoc tdi cac vi tri khac nhau, c6 kha ning ha thap hay noi
1én nho su diéu chinh lugng nudce dan duoc b tri trong cac potton chim.
Trong qua trinh sir dung gian nay thuong duoc neo gitr boéi mot hé thong neo
sao cho dinh vi gian tai diém khoan trong gid1 han do 1éch cho phép cua truc
mili khoan va ting tinh 6n dinh cta gian. Gian dugc st dung cho ving nudc

c6 do sau thay ddi dudi 2000 m [2].



Hinh 1.2. Gian khoan ban chim PH-01 khai thac tai mé Pai Hung-Viing Tau

- Loai kho ndi: O nhitng mo xa bo thuong khong dat dudong 6ng din dau
vao b, ddu mo sau khi duge khai thac duge chira tam vao cac kho ndi. Co 2
loai kho néi 1a FSO va FPSO. FSO 1a cac kho ndi chi dung vao muc dich chua
xuat dau. Loai FPSO ngoai muc dich chtra xuat dau con xur Iy so bo dau tho.
FSO va FPSO 1a céac két ciu gom hé thdng may moc, trang thiét bi dam bao
an toan, dong co day va cac b phan co cac chirc ning phu. Cac kho ndi nay
¢6 nhiéu loai vé két ciu, c6 kho ndi két cu dang tau, dang phao, dang cot on
dinh hodc cac dang két cau dugce thiét ké theo muc dich nhéat dinh. Ngoai ra
con ¢6 dang FDPSO c¢6 thém chtrc ndng khoan, sir dung trong giai doan tham
do va khai thac sém. Hinh 1.3 thé hién hinh dnh ctia FSOS duoc thiét ké boi
Cong ty Monobuoy, dong tai Nha may Pong tau Nam Tri¢u - Hai Phong [12].

Hinh 1.3. Kho néi FSO5 tai mé Bach Ho -Viing Tau
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Ngoai ra cac kho ndi ¢ thé duoc budc vao phao bang day xich hodc két
cu khung cung, phao c6 cac dang thiét ké riéng nhu dang phao tru hodc khdi

hinh hop ¢c6 mén nudc sau, di¢n tich duong mat nudc vira va nho. Cac phao

nay duoc gilr boi cac day neo vong (hinh 1.4).

Hinh 1.4. Phao dang tru tron va khdi hop

- Céc loai phuong tién ndi khac: Cac phuong tién phuc vu cho viéc thi
cong cac cong trinh bién nhu tau cau, tau kéo, tau dit 6ng, tau ho tro lan khao
sat, tau truc mo,...va cac phuong tién dich vu cho khai thac dau khi nhu sa
lan nha nghi, sa lan can ciu. Trén thé giéi hién nay con st dung dang sa lan
can cau két hop v6i bd tri nha nghi dé tién cho cong tac xay dung, bao dudng,

stra chita nhitng cong trinh khai thac dau khi (hinh 1.5) [21].

Hinh 1.5. Sa lan cin cau Hoang Sa 1200 tan
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Nhin chung thém luc dia cua Viét Nam voi chiéu dai bo bién dai hon
3200 km, c6 trir lwong dau mo 16n. Nganh cong nghiép dau khi Viét Nam
ngay cang phat trién, vi vdy & Viét Nam ngdy cang xuat hién nhiéu CTBN
phuc vu cho nhu cau khai thac, dy trit va van tai dau. Dé duy tri tu thé tiéu
chuan va han ché cac chuyén vi tinh tién va chuyén vi goc dudi tac dung cia
tai trong moi trudong 1én CTBN, cic cong trinh va phuong tién ndi nay déu

dugc neo gilt bd1 mot hé neo.
1.2. Phan loai hé thong neo cong trinh bién noi

H¢ thong neo c6 nhiém vy dam bao cdc CTBN dugc gilt can bang tuong
doi va han ché cac chuyén vi ¢6 thé (3 chuyén vi dai va 3 chuyén vi géc) & vi

tri khai thac va phuc vu cong trinh.

Hién nay cac CTBN st dung rat nhiéu céac dang h¢ neo khac nhau, dugc
phan loai theo nhiéu cach. Theo vi tri diém neo dugc chia thanh ba dang

chinh nhu sau [13]:

- Neo don;
- Neo chum;

- Neo dau cudi.
M&i dang hé neo c6 wu nhugc diém va pham vi ap dung khac nhau.
1.2.1. Dang neo don

Pay 1a dang neo dugc ap dung phd bién nhét, chung dung dé cb dinh

CTBN tai mot diém. Hé neo nay bao gom:

- M6t bd phan lién két véi day bién (dang phao neo bang day, dang chan
dé cb dinh,...);

- M6t bo phén xoay lién két véi CTBN.

12



T hop nay cho phép CTBN xoay quanh vi tri neo giir dé giam thiéu tac
dong méi truong. Nho vu diém ndy, dang neo mot diém 1a dang thich nghi
nhat voi tat ca cac diéu kién moi truong. Ngoai dang neo don thong thuong,

tuy theo kiéu lién két, neo don duoc l:flp dit trén cac kho ndi bao gém:

1.2.1.1. Dang CALM [3,13]

Kiéu neo gitt CALM duogc st dung dbi vé&i cac kho noi dé phuc vu viéc
1y hozc rot dau. Hé thong nay bao gdm mdt phao ndi hinh tru (dudng kinh tir
8-+17 m), dugc neo giir xudng day bién boi hé théng 48 day neo. Kho ndi
dugc nbi v4i phao bang cac dang lién két khac nhau. Tai trong tir moi truong
tac dong 1én kho ndi va phao dugc truyén vao hé thong neo. Pham vi ap dung
thong thuong trong vung c6 do sau nhé hon 100 m. Trong dang neo CALM s¢

dugc phan loai tiép theo dic diém nhu sau:

- Neo CALM — lién két cang mém: Kho ndi dang tau ndi vao phao bang
dang lién két mém (hinh 1.6) giit cho kho ndi ludn xoay theo hudng tac dong
cia moi truong. Uu diém: kha ning théo 1ip thudn tién, dé dang st dung dé
neo mot kho noi khac, thich ung & do sau lon béng cach tang do ndi. Nhuoc

diém: chua c6 tng dung v61 FPSO, ¢6 kha nang va cham véi phao noi.

Lién két mém

Hinh 1.6. Hé thong neo CALM lién két mém
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- Neo CALM — lién két cang ctmg: Dang neo nay 1a t6 hop ctia phao ndi
v6éi mot canh tay don cimg (hinh 1.7) gitip cho kho ndi dugce neo giit vao
phao. Uu diém: tranh duoc va cham kho ndi véi phao ndi. Nhuge diém:
khong linh dong bang dang cang ndi mém, kho thich tmg voi dang kho ndi
khéc.

:'7 = ] Z =
Phaonoi — = %%‘ =

Day neo

Wi ¥\

Hinh 1.7. H¢ thong neo CALM lién két cirng

- Neo CALM — lién két dang nira cting: Kho ndi ndi vao phao bang dang
lién két ntra cting (hinh 1.8). Phan canh tay don cimg duoc ndi truc tiép voi
phao ndi, con kho ndi dugc ndi véi canh tay don boi 2 xich treo thang ding.
Céc xich treo nay duogc kéo cing trudc boi mot thanh dan ngang nam ¢ dau
cua tay don. Uu diém: tranh duogc va cham cua kho ndi véi phao ndi. Nhuoc
diém: chi dung chra, rét dau; duoc str dung & vung bién nudc vira va nong.

Xich

Phao L }ﬁj

———T

Déi trong

Day neo
Cang

e ~-
Hinh 1.8. Hé thong neo CALM lién két nira cirng
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1.2.1.2. Dang SALM [13]

-Neo SALM dang day nbi véi xich ding va phao: Phao dugc lién két
vao day bién bang hé xich dung, kho ndi dugc neo vao phao bang hé day
mém (hinh 1.9). Uu diém: dé& dang dé neo mot kho ndi khac véi diéu kién
bién twong duong. Nhuogc diém: c6 thé xay ra kha ning va cham kho ndi véi

phao. Pham vi str dung: viing bién sdu, diéu kién khi hiu thuy vin it phirc tap.

Lién két day

Hinh 1.9. H¢ thong neo SALM lién két day

-Neo SALM dang lién két cang nbi (hinh 1.10): T6 hop cia dang neo
SALM vé6i mot hé lién két cimg, cang ctia kho ndi duoc ndi véi thap, thap co
thé lién két cung, lién két mém véi day bién. Uu diém: tranh duoc va cham
kho noi véi phao noi. Nhuge diém: kha nang thich tmg véi kho noi khac khé .

St dung & ving bién ndng, vi tri thich hop dong coc, thoi gian khai thac dai.

Cang nbi
Khép xoay

Hinh 1.10. Hé thong neo SALM lién két cang ndi

15



1.2.1.3. Hé thong neo mot diém dang chéin dé Jacket [13]
-Neo mot diém dang Jacket lién két cang mém: Mot ddu canh tay don
nbi voi jacket bai mot khép xoay, dau kia dugce ding va ndi véi kho ndi boi

xich hoic cac 6ng thang dung (hinh 1.11). Pham vi st dung: ving nuéc ndng.

Hinh 1.11. Dang lién két cang ndi mém véi chan dé Jacket

- Neo mdt diém dang Jacket lién két ddy mém: Kho n61 dugc noi voi

jacket bdi cac xich (hinh 1.12). Pham vi st dung: & ving nudc nong.

Hinh 1.12. Dang lién két diy mém vo6i chian dé Jacket

- Neo mot diém dang thap c6 khép: Loai nay bd tri dng mém dé rot dau
dugc ndi vai thap tai vi tri dau quay, cht khong phai & dudi nude nhu dang
SALM. Két cdu cua thap c6 thé 1a dang khung dan thép, hodc dang cot (hinh

1.13). Pham vi str dung: vung bién c6 d6 sau nude han ché.
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Hinh 1.13. Neo mdt diém dang thap c6 khép

1.2.1.4. Hé thong neo mot diém dang phao tru véi lién két diy cdp [13]

Dang nay phat trién tir dang cot c6 khép. Trén phao ¢ cac khoang dé

chtra dau, neo vé&i day bién bang cac xich (hinh 1.14).

Hinh 1.14. Neo mdt diém dang phao tru

1.2.1.5. Dang neo thap (Turret) [12,13]

Dang nay phét trién tir dang neo CALM canh tay don cimg bang cach
sap nhap cang vao két cau cua kho ndi thanh mot thap neo gin vao kho noi.
Hé théng neo thap gébm nhiéu chan neo gin vao mot thap, thap nay cho phép

kho néi quay xung quanh thap.
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- Neo thap lién két ngoai (Turret ngoai): Kho ndi dugc mé rong ra dé gan
v6i hé théng thap tai dau hay dudi kho ndi (hinh 1.15). Loai nay cho phép d&

dang bao dudng hé neo, phu hop voi moi do sau nudc va dia chat day bién.

Hinh 1.15. Neo thap lién két ngoai

- Neo thap lién két trong (Turret trong): Thap neo dugc d& trong kho ndi
b1 mot hé théng géi truc do duoc dat g::?m mat boong hoac g::?m ki kho ndi
(hinh 1.16). Uu diém: kha ning truyén luc tot hon, dé bao dudng, dau xoay

dugc bao vé tot hon, phi hop moi d6 sau nude va dia chat ddy bién. Nhuoc

diém: kho thao tac lap lién két gitra kho ndi va h¢ neo, hé duong ong.

Neo Turret trong phia miii trén boong tau ~ Neo Turret trong phia miii dudi ddy tau

Hinh 1.16. Neo thap lién két trong
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-Neo Riser Turret: Dang neo to6 hop giita neo Turret ngoai va neo
SALM, c6 gan thém mot hé thong ong d& mém kha phirc tap (hinh 1.17).

Pham vi st dung: & moi do sau nudc, dia chit day bién 1a dang dat dinh.

Hinh 1.17. Neo Riser Turret

1.2.2. Dang neo chum [13,21]

Kho noi duoc neo giit tir nhiéu diém boi cac day neo vong lién két véi
cac coc hodc neo can & day bién (hinh 1.18). Pau day neo dugc gin vao toi
hodc chi tiét chan trén kho ndi. Hé neo nay co tac dung cb dinh hudng cua
cong trinh. Uu diém: do khong c6 ban xoay nén khong gidi han sé lugng dng
mém. Nhuogc diém: nhay cam véi su thay doi hudng cta song, gid, dong chay.

Pham vi str dung: trong di€u kién thoi tiét 6n hoa, ving nudc néng.

Hinh 1.18. Hé diy neo chum
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1.2.3. Dang neo dau cudi [13]

CTBN duoc lién két cb dinh lai bé“tng hai hé neo dau va cudi. Dang neo
nay giit cho cong trinh duoc gitt theo mot hudng cb dinh. Dung cho cong
trinh mang tinh tam thoi, gin bo, vi du tau chita trung chuyén cuia cac nha

may loc dau (hinh 1.19).

Hinh 1.19. Neo dau cudi

1.2.4. Nhén xét vé cac cong trinh bién ndi & Viét Nam

Hién nay, cung vdi su phat trién nhanh choéng cua nganh cong nghiép
dau khi & Viét Nam, sb lugng cac CTBN c6 day neo dugc str dung trén thém
luc dja cua Viét Nam ngdy cang nhiéu, chu yéu 1a dang kho ndi str dung dang
neo CALM va neo thap Turret. Trong d6 neo dang thap dugc sur dung rong rai
khong chi ¢ Viét Nam ma ca trén thé giéi do nhitng wu diém ndi bat. D6 1a hé
neo két ndi truc tiép véi kho ndi tai thap neo, s& lam giam tai trong ctia moi
truong tac dung 1én kho ndi nho kha ning tu thay d6i hudng thong qua co cau
xoay quanh truc ding cua try, linh dong va don gian hon khi dua cong trinh
vao stra chita trong u kho lam gidm chi phi bdo tri bao dudng. H¢ neo nay
dang dan duoc thay thé cho dang neo CALM hién dang sir dung tai Viét Nam.
Vi vy trong dé tai nay s& tap trung nghién ctru tinh todn hé day neo véng cho

dang neo thap va dua ra 101 giai s6 cu thé cho cong trinh thyc té.
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1.3. Tong quan vé tinh toan hé diy neo cong trinh bién nédi
1.3.1. Céc nghién ciru tinh toan diy neo cong trinh bién ndi ciia nwéc
ngoai

Trén thé gidi co nhiéu cong trinh nghién ctru tinh toan thiét ké hé day
neo cac CTBN [65], trong d6 co tinh toan hé diy neo tai ving bién Bic va

Trung cin dong,... 1a noi c6 nhiéu CTBN tiéu biéu nhu:

- Kizomba FPSO 16n nhat thé gi6i, dung tich 2,2 triéu thung, dai 285 m,
rong 63 m, cao 32 m. Pugc dit tai vi tri cach bo 118 dam, ngoai khoi
Aberdeen (Anh), hoat dong & vung nude sau 1200 m [66];

-FPSO Skarv 1a mot trong nhitng FPSO tién tién thiét ké boi Aker
Solutions, khai thac & Bién Na Uy, dung hé neo thap ngoai 15 day neo [68];

- Girasso FPSO 1a FPSO c6 tri gia cao ndi tiéng 756 triéu USD, hién
dang hoat dong ngoai khoi Angola, stt dung hé neo thap ngoai [70];

- FSO Ta'Kuntah: FSO dau tién & Vinh Mexico hoat dong tir nam 1998
12 mot tau chd dau dd duoc hoan cai véi hé thdng neo thap ngoai [71];

- FPSO Turritella dat tai d§ sau 16n 2900 m hoat dong tir nam 2016 tai

ving bién ctia My, str dung hé neo thap trong [65].

Céc cong trinh nay do cac cong ty nudc ngoai nhu Modec, NobleDenton,

BW Offshore,... thiét ké c6 ban quyén, hoat dong chi yéu & ving nudc siu.
M@t so tai ligu cé nghién ciru vé diay neo CTBN:

- Cong trinh nghién ctiru vé hé thong neo vat ndi [63] ciia Nga néu cac
dic diém neo hé théng vat ndi, xét chuyén vi cta vat ndi khi neo trong bai
toan phang day neo.

- Cong trinh nghién ctru vé d6 tin cdy ctia hé thong neo FSO/FPSO ¢
Viét Nam [64]. Cong trinh dd dua ra mot phuong phap méi dé ude tinh téng

do tin cdy cua h¢ théng neo CTBN tinh dén su tich ltly méi trong diéu kién
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bién cuc tri. Ngoai ra trong cong trinh con nghién ctru xem xét dén phan tmg
dong luc hoc ngau nhién cta hé théng neo.

- Tinh toan day neo don [30] c6 xét dén anh hudng cia d6 dan hdi cua
xich, dic diém diy neo thép va vat lidu polyeste, dic diém thiét ké day neo
chum, cac hé sb su dung trong thiét ké tinh, thiét ké twa tinh va dong luc hoc
day neo, anh hudng cia d6 sau nude dén day neo.

- Tinh toan tai trong 1én CTBN dang gian khoan [46], ngoai ra cO néu
tinh todn tai trong tac dung 1én duong day neo véi cac cong thic chung.

- Cong trinh nghién ctru vé co hoc chat 1ong cong trinh bién [40,48,60].
Cung cap cac kién thirc vé dong luc hoc chat 1ong ving bién siu, xac dinh tai
trong tac dung 1én CTBN. Thiét 1ap phuong trinh tinh toan day cap, xich cia
hé théng day neo khi chiu tai trong ban than, phuong phap tinh toan dudng
day neo don, xét hé sé dan hoi cua day tir d6 cho phép xac dinh doan diy neo

du trit. Xac dinh chuyén vi cia CTBN trong bai todn diy neo phang.

- Cong trinh dua ra phuong phap tinh bai toan dong luc hoc ctuia day neo
& ving nude sdu, xét 2 truong hop day neo co 1 dén 2 vat treo [43,57], xét

anh huong ctia dao dong tan s thap diy neo phao.

- Cong trinh [56] dua ra m6 hinh tinh toan day neo vung nudc sau co xét
dén anh hudng cia yéu t6 phi tuyén va doan day du trit tiép dat, cong trinh
hoan thién cac cong thirc tinh toan lyc cing ngang trong bai toan phing day
neo.

- Tinh toan thuc hanh day neo, cach bd tri day neo, tiéu chuan va khuyén
nghi chung duoc dua ra trong cac khuyén nghi ciia Hoi cac cong ty dau khi
hang hai qudc té OCIMF [53], NFEC [42], huéng dan thuc hanh neo dau cho
tau [52], Tiéu chuan thiét ké neo do Hai quian My xdy dung (UFC) [36] bao

gém thong tin chung vé hé théng neo dau, hoat dong va bd tri hé théng,
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huéng dan neo trong cac thoi tiét khic nghiét, chi tiét vé thiét bi neo cu thé va
thong tin vé bao tri, kiém tra va thir nghiém lién quan dén hé thdng neo dau.
Trong cac tiéu chuin nay c6 dé cap dén phan thiét ké neo véi cac sb liéu thuc

hanh cu thé d6i vdi tung vung nudce va loai tau.

- Cac hudng dan chung tinh toan tua tinh va dong luc hoc day neo, tinh

toan moi ddy neo, hé sd an toan day neo khi thiét ké [32].

- Céc tiéu chuén dang hién hanh dugc st dung nhiéu trong thiét ké neo
nhu Tiéu chuan do Vién dau khi Hoa Ky xay dung APl 2SK [23,24], Tiéu
chuan cua Bereau Veritas [26], Tiéu chuan DNV-GL [37,38,39] dua ra cac
quy trinh phan tich tai trong, quy trinh phan tich neo dau, cac tiéu chuan xich
neo va cac tidu chuan tinh toan lyc cing diy neo trong diéu kién moéi truong
v6i chu ky 13p 100 nam, néu nhitng dic diém chung loai vat liéu day neo nhu
Polyeste, Nylon, Polypropylene & Polyethylene, HMPE, Aramid, cung cip

tiéu chuan thiét ké v6i dang neo ¢ do sau nudc 70 dén 2000 m.
M@t s6 bai bdo khoa hoc diing trén cdc tap chi trong va ngoai nwéc:

- Cong trinh [31] bao co vé tinh toan day neo nudc sau cd sy o sanh
gitta ba phuong phap: Phuong phap giai tich, phuong phap sé va phuong
phap mé hinh vat 1y. Trong d6 khang dinh két qua tir phwong phép s6 chimng
minh bang md hinh vat 1y trong ca 2 trudng hop co xét dén do dan hodi va
khong xét dén d6 dan hdi. Do ciing 1a co s dé thiét 1ap phan mém Ocarflex
va Cable3D. Cong trinh nghién ctru phép do dao dong cudng birc ciia hai md
hinh diy neo str dung dé danh gia két qua ctia phuwong phap s6 ban dau, sta
d6i Cable3D va Ocarflex. Dua trén viéc so sanh giita cac phép do va tuong
mg mo phong, co ¥ nghia quan trong d6i voi viée thiét ké mot duong day
neo, dac biét 1a cho cac thir nghiém moé hinh ctia mét hé théng neo dau ngoai

khoi trong vung nudc sau.
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- Cong trinh [51] c6ng b cac két qua thir nghiém dong luc hoc diy neo
nude sdu véi mo hinh sd tinh toan dong hoc day neo theo mién tan sd va mién
thoi gian. Cac yéu té vé kich thudce, sb luong va vi tri cua chung dé giam stic
cing cua day neo. Diéu nay dan dén sira d6i mot sb quy tac thiét ké va hudng

dan khi thiét ké tya tinh ddy neo nudc sau.

- Két qua nghién ctru vé& diy neo Polyester [29,34], tinh toan, thiét ké va
lap dat hé thong day neo Polyester ving nudc sau. Pua ra mo hinh d6 cing
ctia cac day neo bang Polyester phan tich dong luc hoc ciia cong trinh va hé

théng neo nudce sau voi xich neo bang Polyester.

- B4o c4o vé nhitng van dé trong mo phong khi dong hoc, thiy dong hoc
va dong luc hoc day neo cia tuabin gié ngoai khoi [50] dua ra mo hinh cau

trac lién két cua day neo bang mé hinh vat Iy ¢6 10 xo.

- Cong trinh 4p dung mé hinh sé va phuong phap khdi luong diém dé

nghién ctru ing xtr dong luc hoc day neo [28,44].

- Phwong phép khdi lugng diém ciing duoc ap dung dé phan tich dong
luc hoc duong day neo, trong do tai trong dugc coi la trong lugng chim cua
neo ¢6 xét dén luc quan tinh, diéu kién nén dat [49].

- Cong trinh nghién ctru cia Nicolas Berner Wolf [62] nghién curu day
neo bang md hinh vat 1y véi mot ong dai 48 m, duong kinh 0,5 m phai dugc
thuc hién béng cach stt dung mo6 hinh day neo c6 vat ndi treo, két cau neo
phai dugc thiét ké dé chiu dugc lyc dong 50 kN.

- Cong trinh [45] so sanh phuong phép 16 xo tuyén tinh trong d6 cé st
dung phuong phap phan tir bién v6i phuwong phap PTHH trong tmg xir dong

hoc két cau noi1 va hé day neo.

- M6t s6 cong trinh nghién ctru st dung cac phan mém MIMOSA, phan
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tich tya dong va dong luc hoc ngau nhién cua hé théng day neo sur dung cac

phan mém Hydrostar va Arian7 [7].

- Str dung phan mém ANSYS [10] kiém tra bén hé thong diy neo cong

trinh bién ban chim tai ving bién Viét Nam.

- Cong trinh [9] trinh bay phuong phap tinh toan tinh luc hoc duong day
neo cé vat can va so sanh truong hop day neo khong cé vat can bang phuong
phép giai tich.

Qua mdt so tai liéu va cong trinh nghién ctru vé day neo CTBN trén thé
gi6i va Viét Nam duoc dé cap & trén, cho thay trén thé gidi cha yéu sir dung 2
nhom mo hinh dé giai quyét bai toan tinh toan tai trong 1én hé diy neo: Mo

hinh thyc nghiém va mé hinh Iy thuyét.

- Trong d6 mo hinh thyc nghiém dugc st dung cho nhiéu kiéu loai day
neo khac nhau, thuong sir dung mé hinh 10 xo cho phép diéu chinh duoc do
cting cua ddy neo. M6 hinh thuc nghiém kiéu 16 xo ndy c6 mé dun dan hoi co
thé tuong tu nhu day neo tiéu chuan dya trén hé sé dong dang Froude. Tuy
nhién khi st dung m6 hinh thuc nghiém, moé hinh 10 xo lam thay ddi 6 dan
dai va anh huong dén dong hoc diy neo va trong truong hop nudc sau, do bé
thtr ¢6 chiéu dai 1a han ché nén khong loai tru hét duoc anh huong cua nén

day bién dén cong trinh [31,45,50,62].

- M0 hinh 1y thuyét str dung mé hinh toan hoc di thuc hién tinh toan
duoc lyc cang cling nhu xac dinh quy dao cua day neo. M6 hinh toan hoc da
duogc kiém nghiém trong qua trinh nghién ctru va cac két qua co ban c6 thé ap
dung duogc trong viéc giai bai todn tinh toan hé neo gitt CTBN. Trudc kia viéc
str dung phuong phap giai tich chi ding lai & viéc giai quyét mo hinh bai toan
phang [30,40,43,46,48,56,57,60]. Hién nay viéc sir dung mo hinh sé bang
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phuong phép sai phan hitu han va phuong phdp PTHH da mé phong duogc luc
cang cling nhu quy dao ctua day neo [28,44,49,51].

Vé cong cy hd tro tinh toan hé neo giit CTBN, trén thé gi61 hién nay su
dung mot s6 phan mém tinh toan nhu Gmoor 13 mdt phan mém phan tich tua
tinh day neo, chu yéu phat trién cho tau khoan va cac cong trinh phuc vu
ngoai bién; Ariane 7 ctia Bureau Veritas (Phap), Mimosa 6.3 ciia DNV-GL,
Moses 14 cac phan mém phén tich dong luc hoc cong trinh ngoai khoi; version
moi gan day 1a Cable 3D, Ocarflex 1a phan mém duoc phat trién boi Orcina
2000. Nhiing phan mém nay chu yéu dugc dung dé giai bai toan hé neo giit
CTBN hoat dong vung nudc sau, c6 kha nang tinh toan dong luc hoc day neo
vo1 bude thoi gian 0,001 s, dugc st dung nhu cong cu thiét ké trong cong
nghiép thiét ké cong trinh bién. Cac phan mém nay déu 1a phan mém thuong
mai can phai c6 ban quyén va khong cong bd hoc thuat.

1.3.2. Tinh toan diy neo cong trinh bién nodi dang 4p dung & Viét Nam

Nhin chung xu huéng hién nay la phat trién cac CTBN c6 neo gitt véi uu
diém nhu duoc néu trén.

Mot s& Quy chuéan va Tiéu chuan hién hanh ¢ Viét Nam

- QCVN 48-2012/BGTVT: Quy chuan k¥ thuat qudc gia vé phan cip va
giam sat k¥ thuat gian di dong trén bién [14];

- QCVN 70-2014/BGTVT: Quy chuan k§y thuat qudc gia vé phan cip va
giam sat ky thuat kho chira noi [15];

- QCVN 72-2014/BGTVT: Quy chuan ky thuat qudc gia vé phan cap va
ché tao phao neo, phao tin hi¢u [16];

- B6 tiéu chuan TCVN 6474-1:2017 dén TCVN 6474-9:2017 vé kho

chtra n6i — Phan cip va giam sat ky thuat [17];
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- Bo tiéu chuan TCVN 5309:2016 dén TCVN 5319: 2016 Quy pham

phan cép va ché tao cong trinh bién di dong [18].

Tuy nhién, hién nay viéc thiét ké hé thdng neo cho nhimg CTBN c6 kich
thudc 16n va hoat dong ¢ ngoai khoi chua dugc dé cap cu thé trong hé théng
cac Tiéu chuan hodc Quy pham lién quan do Viét Nam ban hanh. Tinh toan
thiét ké cac két cau trong CTBN ciing d dugc ap dung & nudc ta, nhung chua

duogc tu chu toan phan vi mot trong nhing 1y do sau:

- Viéc thu thap céc sb liéu khi tuong thuy van duoc cac co quan khi
tugng thily vian nudc ta thu thap duoc tir nhiing quan tric trong nhiéu nam,
cha yéu duoce sir dung phuc vu cho cic nganh kinh té khac nhau nhu thay loi,
xay dyng cang, luong lach, thuy vin, du lich nhung chua dap Gmg duoc cac

yéu cau ve tinh toan, thiét ké va ché tao cong trinh bién ngoai khoi.

- Cac san pham tinh theo 1y thuyét ctia chung ta it duoc ap dung trong

thuc t€ hodc &p dung han ché, nén chua tao dugc ni€m tin cho nguoi st dung.

Hién nay, cac CTBN & nudc ta chu yéu do cac cong ty thiét ké cua nudc

ngoai thiét ké [22] (Bang 1.1. Phu luc).

Trong cac CTBN d6 c6 st dung cac hé diay neo phao, day neo gian
khoan, day neo kho noi. Tuy nhién viéc tiép can va nam bat cac tinh toan thiét
ké cac cong trinh nay, trong d6 c¢6 phan tinh toan hé day neo ddi vdi cac don

vi thiét ké chuyén nganh ¢ nude ta con méi mé.

Dé phat trién cong nghé thiét ké cong trinh bién phuc vu dat nude, nhiing
nam qua Viét Nam ciing da c6 su phét trién dang ghi nhan: Mot s6 cong ty
hoat dong trong linh vuc céng trinh bién duoc thanh 14p nhu Tong cong ty
dich vy k¥ thuat thuoc Tap doan Dau khi Viét Nam, céc cong ty cd phﬁn
Cong nghé Cong trinh bién,.... Trong linh vuc gido duc: Pa thanh 1ap Vién
X4y dung Céng trinh bién tryc thude truong Pai hoc Xay dung dao tao hang
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nghin k¥ su; Truong Pai hoc Hang hai Viét Nam dao tao cac ky su chuyén
nganh K§¥ thuat tu thuy va cong trinh ngoai khoi,... tuy nhién van con kha
non tré so voi cac linh vuc khac trong khi nhu cau va tiém ning dé phat trién

xay dung cong trinh bién, ddo va ngoai khoi 1a rat 16n.

Hién nay, viéc tinh todan hé ddy neo cho tau va cong trinh noi co thé

dwoc chia thanh hai cach co ban nhw sau:

Thir nhét, tinh toan theo Quy pham: Trong viéc thiét ké neo chia thanh 2
loai. V61 nhiing tau theo ti€u chuan cua Quy pham thi thiét ké neo dugc lua
chon va xac dinh theo Quy pham dya vao dic trung cung cap cua thiét bi EN
qua d6 tim loai neo, xich neo phu hop [58]. Ban chat ciia phwong phéap nay 14
giai bai toan 1y thuyét tinh tai trong tic dung 1én cac tau cd cung cong ning
hoat dong trong cac diéu kién tuong dbi gidng nhau & mot cap séng, gié duoc
quy dinh trude, qua d6 théng ké lai va tao thanh cong thirc chung cho mdi loai
tau. Phuong phap nay c6 uu diém 1a dé 4p dung, dé thyc hién, két qua tin cay
trong diéu kién khai thac binh thuong. Tuy nhién, nhugc diém 1a st dung
cong thirc chung cho cung mdt loai tau nén muirc do chinh xac cho mot con tau

cu thé 1a khéng cao.

Thir hai 13 tinh toan ddy neo theo md hinh 1y thuyét: thuong duoc ap
dung cho nhiing loai tau chién, tau dich vu, CTBN,... hoat dong trong nhiing
diéu kién khic nghiét. O bai toan nay phai tinh toan tai trong tac dung 1én
cong trinh trong ving hoat dong, sau d6 giai bai toan day neo dé qua d6 chon
loai neo, day neo phu hop nhat.

Thue té 1 véi tinh toan hé thdng neo cho tau bién, ching ta dang chon
neo theo quy pham 1a chi yéu. Tinh toan hé thong neo cho nhitng CTBN c¢6
kich thudc 16n va hoat dong ¢ ngoai khoi chwa dugc dé cip cu thé trong quy

pham ciling nhu 4p dung trong tinh toan & Viét Nam.
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Duéi day trinh bay tom tit cac phwong phap tinh toan diy neo dang luu
hanh tai Viét Nam:

1.3.2.1. Tinh todn ddy neo theo quy trinh hwong dén thiét ké ciia Nga
(dén theo 11)

So d6 téng quat cua day neo co chiéu dai 1a L, cac diém treo ¢b dinh 0 va
A [dan theo 11]. Phan ttr day neo cd chiéu dai dl, xét tai diém M (hinh 1.20).

Z.-"'c.

L4

Hinh 1.20. So' db cin bing ciia phin tir diy neo

Phuong trinh cin bang day neo c6 dang:

T d’z dz\2
2= 1+ (E) , (1.1)

T, - thanh phan lyc ngang cua lyc cang, kN;
g - trong luong trén mot don vi chiéu dai day neo, KN/m;
d - chiéu sau nude, m.

Tich phan phuong trinh nay cho dang duong cong day neo:
X—S S
z=e (coshT — cosh Z)' (1.2)

Luc cang xich toan phan tai diém dang xét:

T =T,.cosh ?, (1.3
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s - hoanh d¢ dinh vong dudng day neo, m;

e - tham sé duong day neo;

b - hinh chiéu 1én phuong ngang cta day neo, m.

e =" (1.4)
1 l+d

s =z (L —e.ln ﬁ)' (1.5)

b =+I?—-d>. (1.6)

Trong truong hop chiéu dai diy neo bat ky c6 diém treo trén cb dinh

nam ngang dudi tac dung cua ngoai luc tham s6 duong cong sé€ biét, xac dinh

duogc chiéu dai day neo:

L=2eln (2% + /1 + (%)2> (1.7)

1.3.2.2. Tinh todn dwong ddy neo cé ké dén bién dang dan héi ciia diy neo

[déin theo 11,40,60]

Pé tinh toan duong diy neo, phuong phap nay da tach riéng mot phan tir

day neo véi so dd nhu sau (hinh 1.21):

T+16le
261

Hinh 1.21. Can bing tinh hoc mét phan tir diy neo

Xét phuong trinh can bang tinh ctia phan ti:
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d9 dq
— = co 0s0, (1.8)

T - luc cang phat sinh trong day neo, kN;

| - chiéu dai phﬁn tu day neo, m;

q - trong luong trén mot don vi chiéu dai day neo, KN/m;

0 - gbc nghiéng cua day neo, rad.

Tir quan hé giira [ va 6 voi x va z, khi véc to luc kéo ludn tiép tuyén véi

phan tir day xich, co:
dx2 - ( ) (19)
Thay diéu kién bién:  x=0; Z =0

= [cosh( ) -1]. (1.10)

Ttr d6 c6 thé tinh duogc chiu dai cta day neo:

2T
L=d /ﬁ ~1. (1.11)

Khi bd sung thém toan tir trong tmg véi tinh dan hdi cua day neo (hinh
1.22):

Hinh 1.22. Phin tir diy neo khi c6 bién dang doc truc

31



Bién dang doc truc caa mot day neo 12 dl (1 + é) trong d6 EA 1a d6
cting trén mot don vi chiéu dai day neo.

Két qua thu dugc dbi voi bai toan day neo c6 tinh chat dan hoi:

_ T 2 2qd
T, = EA\/(a +1) -2 _Fa (1.12)

Xéc dinh chiéu dai day theo (1.11) ¢6 phan nim ngang duoc ting thém

thé hién murc d§ cua viéc xét dén tinh dan hoi trong qua trinh tinh day neo.

1.3.2.3. Tinh todn bai todn diy neo don

Bai toan xac dinh luc cang trong day dua trén dang hinh hoc va phuong
trinh dudng day [3]. So db tinh todn dudng day neo don khi chiu tai trong ban
than nhu sau (hinh 1.23):

Z & TZ T
[
ZA oo e e e g e e e e e TX
i ——
JiN \
]
dz dlA | do
d i
'
L~ "
B By |
R —— et LR Pl o AT BT 5 _#_}__
O ]
Ty = iy .
Xa X

Hinh 1.23. So' dd bai toan tinh lwe hoc dwdng diy neo don
L - chiéu dai day neo, m;
q - trong luong trén mot don vi chiéu dai day neo, KN/m;

Theo phuong x: T, =T,.

32



Theo phuong z: T,=qL =P =T,sinf,.
8,, O5- goc xién cua day tai A, B, rad.

Luc cang trong day neo tai diém A, kN:

T = JT2 + TZ. (1.13)

Phuong trinh duong day neo: X, = %arcosh (% Z,+1). (1.14)

Tir d6 xac dinh duge chiéu dai giita 2 diém A va B. Sau khi tim duoc luc
cing theo so d6 trén, co thé xay dung duoc mdi quan hé giita lyc cing va
chuyén vi ctia két cau ndi thong qua bai toan chuyén vi ngang cta két cdu noi.
1.3.2.4. Quy doi tdi trong lén ddy neo

Quy d6i tai trong moi trudng tac dung 1én cong trinh ndi thanh tai trong

_ 2Fr

y
Nq

tac dung 1én tung cip day [dan theo 21]:  F’ (1.15)

F'- luc quy d6i tac dung 1én mot cip day, kN;
Fr - tai trong to hop ctia moi trudng tac dung 1én cong trinh, kN;
ng - s6 day neo.
Luc cang ngang trong 1 day neo don, kN:
T, = SF.F'.(cosa; + cosa,)/2, (1.16)
T, - luc cang ngang trong 1 day neo don, kN;
ay, - goc hop bai cip ddy neo vi mat phang doc tim cong trinh, do.
Luc cang trong 1 day neo, kKN [42]: T = SF.T,, (1.17)

SF - hé s6 an toan 1ay theo quy pham.
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1.3.2.5. Tinh todn hé ddy neo theo tiéu chudn thuc hanh ARGEMA

Céch tinh thyc hanh xac dinh sy phan phéi luc cang Ién céac cdp day neo

dwa trén cac gia thiét [dan theo 3] (hinh 1.24 dén hinh 1.26).
- S day neo 1a chin;

- Luc méi truong tac dung 1én CTBN c¢6 phuong trung véi mot cap day;
Fr - tai trong to hop ctia moi trudng tac dung Ién cong trinh, kN;
F - phan lyc cta 1 cap day neo trung voi phuong cia Fr, KN;

Céc gia tri trong ngodc thé hién phan luc ciia diy neo theo phuong cia

Fr.
05  (0,25F)
Fr =
—_—
0,5F
(0,25F)

Hinh 1.24. Trwong hop 6 dwong neo (Fr= 1,5F)

0,7F

(05F)

Hinh 1.25. Trwong hop 8 dwong neo (F1 = 2F)

34



0,3F (0,09F)
(0,66F)
0.8F

F F

<
<

0,8F

(0,66F)
0.3F  (0,09F)

Hinh 1.26. Trwong hop 10 dwong neo (F+= 2,5F)
1.3.3. Panh gia vé tinh toan hé diy neo & Viét Nam

Nhén xét vé mé hinh toan hoc trong tinh toan day neo hién nay dang st
dung phuong phép giai tich dé tinh toan day neo trong mé hinh bai toan day
neo phang, thuc hién theo nguyén tac:

- Tach riéng mot phan tir day neo;

- Xét phuong trinh can bang tinh ctia phan tir, tir d6 xét cho ca day neo;

- Ap dit diéu kién bién;

- Giai phuong trinh, tinh chiéu dai t6i thiéu ctia day neo;

- Tinh lyc cang ngang trong day neo.

Véi phuong phéap giai tich giai bai toan tinh hoc day neo cua cac quan
diém trén déu cé cung co sé Iy thuyét va cach xdy dung md hinh tinh nén khi
xét trén mot didu kién bién s& cho cac két qua tuong ddng voi trudng hop gia
thiét:

- Cong trinh dugc neo véi sd lugng diy neo: chin, d6i xing qua mat
phang vudng goc véi hudng tac dung cia méi trudng;

- Tai trong t6 hop cua moi truong bién tac dung 1én coéng trinh co

phuong khong doi va trung véi mit phang 1 cap day;
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- Chuyén vi ctia CTBN 1a nho cho phép gia thiét phwong cua day neo 12
khong doi;

- B0 qua tac dong truc tiép cua cac yéu té moi trudng (song, dong chay)

tac dung Ién day neo;
- M6t s6 cong thic bo qua bién dang dan hoi cua day khi chiu luc.

Phuong phép tinh todn c6 xét dén bién dang dan hoi cia day neo, phu
hop v6i hé ddy neo cac cong trinh khai thac ngoai nudc sau, chidu dai va kich
thudc day neo 16n, dia chat day twong d6i ctng. Vi bai toan tinh hé neo cho
cac cong trinh ndi & nhitng noi nudc nong, gﬁn bo, duoc che chin tbt, dam
bao sé ngay khai thac trong nam 16n thi viéc giai bai toan dy neo theo chi

dan cta Nga phu hop hon [11].

Nhu vay v6i phuong phép tinh toan ddy neo bang phuong phap giai tich
chi ¢ thé giai quyét md hinh bai toan phang tinh luc hoc ddy neo va con ton
tai mot s6 han ché:

- Thtr nhat: Bai toan tinh toan hé day neo di don gian héa bai toan bang
cach dua vé tinh toan cho dudng day neo don tic 1a dwa vé mé hinh bai toan
phang. Khi d6 coi két ciu gdm nhiéu cip day neo, mdi cip gom hai day ddi

dién qua CTBN va ciing nam trong mdt mat phang (hinh 1.27);

/ CTBN
Fl I % FZ
A | S —

l
Day neo 1 / Déay neo 2

Hinh 1.27. So' @6 bai toan phing tinh hé diy neo
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Néu CTBN chiu tai tir phia F;, ddy neo 1 bi cing, day neo 2 bi chung.
Nguoc lai néu CTBN chiu tai tir phia F,, ddy neo 2 bi cing, diy neo 1 bi
trung. Khi dé tinh toan luc cing trong ddy dua vé bai toan duong day neo
don, khi tinh chuyén vi ctia cong trinh ndi dua vé bai toan diy neo hai phia.

- Thir hai: Chi xét ddy neo chiu tai trong tir két ciu ndi va tai trong trong
luong ban than ctia day neo (hinh 1.28), bo qua tai trong song va dong chay
tac dung truc tiép l1én day neo, tir d6 xac dinh dugc gia tri luc cang xuét hién

trong day neo va chuyén vi ctia ddy neo bang 10i giai giai tich;

CTBN

/

Day neo

TT77777 7777 77777777777
Hinh 1.28. P9 vong ciia diy neo khi xét dén trong lwong ban than
- Thir ba: Trong bai toan tinh toan dudng day neo don, x4c dinh luc cang
trong day neo khi day neo chung, véi truong hop day neo bi cang méi xay
dung dugc méi quan hé giira lyc cing ngang trong diy va chuyén vi cia
CTBN;

- Thir tu: Mot sd cac cong thirc tinh toan diy neo bo qua tham s thé hién
tac dong ciia do dan hoi. Piéu ndy c6 thé dan dén hién tuong luc kéo 16n hon

du tinh mot cach dang ké;

- Thr ndm: Vé&i cach tinh toan hé day neo theo tiéu chuan thuc hanh ¢

d6 chinh x4c khong cao va chi phi hop trong mot diéu kién thiét ké nhét dinh.
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Véi céac cach tinh toan nhu trén s€ khong phan anh ding duoc sy lam
viéc cua hé day neo, khong xac dinh dugc gia tri luc cang xuat hi¢n trong

tirng day neo vi vy s& dan dén thiét ké day neo khong dat do chinh xac.

Pé giai quyét nhitng ton tai nay dé tai sé sir dung phwong phap PTHH dé
xdy dung mo hinh hoa hé diy neo CTBN sat voi diéu kién lam viéc thuc té
ctia hé day neo. Phuong phéap nay khong chi cho ta cach giai tong quat nhit co
thé ma con thé hién nhiing wu diém 16n trong kha ning tmg dung may tinh so
v6i phuong phap khéi luong diém [28,44,49]. Phuong phap nay hién dang
dugc cac nude co6 nganh cong trinh bién phét trién st dung [31]. Tuy nhién
hoc thuat cu thé khéong dugc cong bd vi day chinh 1a co so dé thiét 1ap cac

phan mém thuong mai tinh toan hé day neo khong gian.
KET LUAN CHUONG

Qua viéc tong quan vé cac CTBN c6 day neo trong nudc, cic hé neo
cong trinh ndi, tac gid nhan théy viéc sir dung loai CTBN c¢6 day neo duoc st
dung rong rai nho tinh nang linh hoat cta cong trinh, tranh dugc gid, bao khi
can thiét va trong d6 loai neo thap miii dang duoc sir dung phd bién hon, do
khong ¢ phao lién két v6i tau nén giam duoc tai trong moi trudng tac dung
1én cong trinh ndi. Tac gia cling phan tich cac phuong phap tinh toan diy neo
CTBN hién dang sir dung trong nudc va ngoai nudc. Qua dé nhan thiy viéc
tinh toan day neo CTBN ¢ trong nudc moi chi dimg lai & viée giai quyét bai
toan phang vi vdy chua phan anh dung su 1am viéc cia hé day neo. Cong nghé
thiét ké day neo cho cac CTBN trong nudc con phu thudc nhiéu vao cac phan
mém ciia nude ngoai. Pé gop mot phan nho cho sy phat trién linh vyc thiét ké
CTBN, trong nhitng chuong sau ciia luan 4n, tac gia tiép tuc nghién ctru co s
Iy thuyét dé tién toi giai quyét bai toan dong luc hoc hé diy neo CTBN theo

mo hinh khéng gian.
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CHUONG 2. COSO LY THUYET

Chuong nay trinh bay m6 hinh bai toan, tir d6 phan tich cac co s¢ ly
thuyét s& ap dung trong luan 4n, bao gébm phan tich diy neo khi diy neo chi
chiu tai trong ban than, phan tich 1y thuyét song tuyén tinh, Iy thuyét song
thuc, 1y thuyét dong chay. Pé tinh toan duoc diy neo theo mé hinh khéng
gian can phan tich co s& 1y thuyét ciia phuong phap PTHH va phuong phép

Newmark.

2.1. M6 hinh héa bai toan tinh hé day neo m6 hinh khong gian

Xét mot CTBN dang neo mdt diém bang cac day neo vong (hinh 2.1)

Hinh 2.1. CTBN dwoc neo béi hé diy neo dang neo mot diém

Pé xay dung mé hinh tinh hé day neo khong gian tac gia dya trén co so
phan tich hé day neo, day neo va phan tir day neo trong diéu kién lam viéc cua
két cau day neo. Dudi tac dung cua tai trong tir CTBN, mdi day neo trong hé
day neo CTBN ¢ nhiing vi tri toa d0 khac nhau s€ chiu tai trong khac nhau.
Pé xac dinh dugc luc cing xuét hién trong mdi diy neo, dé tai sir dung so dd
h¢ day neo khong gian, ap dung phuong phap PTHH s€ mé hinh héa hé day
neo thanh mot hé khong gian gém cac phan tir lién két voi nhau thong qua cac

khdp, dugce goi 1a mo hinh hé thanh gian khong gian (hinh 2.2).
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= ‘ o Cong trinh ndi

Lién két khop

Day neo

Hinh 2.2. M6 hinh héa h¢ diy neo theo moé hinh khong gian
2.1.1. Phan tich day neo trong hé

Trong nghién ctru tinh toan dong lyc hoc diy neo, can tim 10i giai s6 cho
cac an s6 1a chuyén vi, mg suat tai mdi diém trong két cau. V&i bai toan hé
day neo khong gian can xac dinh dugc phuong trinh dao dong két cau hé day
neo va gidi h¢é phuong trinh nay. V&i mo hinh toan hoc ap dung phuong phap
PTHH [19,20] c6 thé thuc hién tinh toan dugc ndi luc cling nhu xac dinh
chuyén vi cia day neo. Phan tich sy lam viéc mdt day neo trong hé, tai trong
tac dung 1én mdi day neo bao gom: tai trong ban than cta diy neo, tai trong tir
CTBN dugc neo, tai trong song va tai trong dong chay tac dung Ién day neo
(hinh 2.3).

AN NN MCTBN

J V V VvV

Sénqg

<— Day neo

Dong chay ) ,
EEE— Lién két khop

Mo neo bay bién

777 7 777777777

VA A A A

Hinh 2.3. Mb hinh h6a mét diy neo thanh cac phan tir thanh lién két khop
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2.1.2. Phan tich phén tir diy neo

Theo phuong phap PTHH, hé thanh khong gian gém 2 loai 1a hé thanh
khung khong gian va hé thanh gian khong gian [19,20].

Phén tich hé khung khong gian: Phan tir thanh khung c6 lién két cung,
nhu vay mot phan tir thanh khung khong gian gom 2 nut, tai mdi nit s& ¢ 6
chuyén vi: 3 chuyén vi thiang, 3 chuyén vi xoay. Nhu vy mdt phan tr khung

khong gian ¢6 12 bac tuy do, co bién dang doc truc va bién dang X04n.

Tuy nhién hé day neo 1a hé mém, ta mé hinh hoa su lién két gitra cac
phan tir 1a cac lién két khép, vi vay cac phan tir thanh cua ddy neo sé duoc dit
vao hé khong gian goi 1a hé gian khong gian, 1a mot hé gdm cac thanh chiu
kéo nén doc truc (ding tdm) hay noéi cach khac 1a chiu bién dang doc truc
[47]. Theo phuong phap PTHH, phan tir chiu kéo nén doc truc, khong chiu
ubn 1a nhitng phan tr duoc lién két voi nhau boi lién két khép. Do vay khéc
v6i phan tir thanh khung, mot phan tir thanh gian khong gian c6 lién két khép
& 2 dau chi co bién dang doc truc, nghia la mot phﬁn tir thanh gian khong gian
¢ 6 bac tu do, tai mdi nit s& ¢ 3 chuyén vi thang theo 3 truc. Hinh 2.4 xét
mot phén tir thanh gian khong gian, trén phﬁn tor nay co gén mot hé toa do dia
phuong xyz. Truc x nam doc theo phén tu, géc cta hé toa do dit tai nut dau

cua phan tu.

u
3 U Us Us

Vi1
Ug

=—=

Hinh 2.4. Phan tir thanh gian khong gian trong hé toa d dia phwong
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Uy - chuyén Vi théng theo truc x caa nat dau;

u, - chuyén vi thang theo truc y cua nut dau;

Us - chuyén Vi théng theo truc z ctia ntt dau;

Uy - chuyén Vi théng theo truc x ctia nat cudi;

us - chuyén vi thang theo truc y cua nut cudi;

ug - chuyén vi thang theo truc z ctia nit cudi.

Néu dat phan tir gian khong gian trong hé toa d6 tong thé, trong dé truc x
lubn hudng theo truc phan tir, thi truc y, z tao voi truc x thanh mot tam dién

thuan (hinh 2.5).

z P -
. e - X
’ =38
~— T A
z — -
ol A(X1,y1,21)
y —
B(x2,y2.22)
e
."-l X

—-—

Hinh 2.5. Phan tir gian khong gian trong hé toa do tong thé
Dua vao toa do ctia nut dau va nat cudi phuong truc X ludn xac dinh.

Truc z duoc xac dinh béng cch khai bao thém diém P 13 diém nam trong

mit xy, do z vudng goc v4i mat phang xpy nén:  zp = Xp X yp.
Hudng cua y dugce xac dinh theo x va z: yp = Zp X Xp.
Tich c6 hudng cua 2 véc to duoc dinh nghia nhu sau:'cp = @, X bp.

Vé mit hinh hoc véc to Tp c¢6 phuong vudng goc voi mit phang duoc tao
bai hai vée to ap va b_p), d6 16n cia ¢p bang dién tich ctia hinh binh hanh do

ap Vva bp tao ra.
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a’x bx

A * 9 14 /’\ P \ 14 14 .

Vé mat giai tich néu: ap = {ay¢; bp = < by ¢ thi véc to ¢p duogc xac dinh:
az b,

Cx .P 3’
Cp =Sy =det ax (ax az x)
C, x

Phuong ctia mdt phan tir day neo bét ky dugc xac dinh bdi cac cosin chi
phuong.
Xét phan tir nam xién trong khong gian, phan tir tht j dugc dic trung boi

veée to don vi €jdoc theo tryc thanh va cac véc to chi phuong twong ung: cy;,

Cyj» C; (hInh 2.6).

Hinh 2.6. Cosin chi phwong

Cosin chi phuong ctia véc to C; la cos cta cac goc gilra vecto d6 va ba

truc toa do duoc xac dinh:

o
fcos(c-,x-) = ozl
jr Xj . .
Cx]+Cy]+CZ]
— Y
<COS(CJ"y]') T aczacz- (2.1)
xjtryjTtzj
_ Czj
cos(cj,zj) ==
\ CxjtCyitez)
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2.1.3. Piéu kién bién ciia hé

Tai vi tri chin neo (Anchor): lién két giita diy neo va mo neo duoc coi 1a
ngam c6 khép, co6 3 chuyén Vi théng bi chin. Tai vi tri dau day neo lién két
v6i gia chan xich (Fairlead) coi 1a ngam trugt c6 1 chuyén vi thang theo
phuong z bi chin. Nhiing vi tri diy neo nam trén mit dat co chuyén vi bi chin

theo phuong z.
2.2. Co sé ly thuyét

Pé giai quyét mo hinh tinh toan dong luc hoc hé diy neo khong gian,

can phan tich co so 1y thuyét sau:
- Phan tich day neo khi day neo chiu tai trong ban than;

- Ly thuyét song trong tinh toan dong hoc thong s song ngau nhién, tir

do xac dinh tai trong song tac dung 1én day neo;

- Ly thuyét dong chay dung dé xac dinh tai trong dong chay tac dung 1én

day neo;

- Cong thirc Morrison trong tinh toan cac tai trong tac dung 1én cac phan

tir day neo;

- Ap dung phuong phap PTHH thiét 1ap hé s6 hé phuong trinh vi phan
dao dong;

- Ap dung phuong phép phén tich dong luc hoc két cdu phi tuyén theo

mién thoi gian cu thé 1a phuong phap Newmark.

2.2.1. Phan tich day neo khi chiu tai trong ban than
Xét mot cong trinh ndi duge neo boi ddy neo (hinh 2.7)
L - chiéu dai duong day neo, m;

d - d6 sau nudc, m.
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Vi tri chuyén vi

AL L

*

- - - -

— % —

Hinh 2.7. So' 6 hé thong neo vat noi
Xét mot doan day neo (hinh 2.8)
[ - chiéu dai doan day neo, m;
g - trong luong trén mdt don vi chiéu dai, kN/m;

T - luc cang trong day neo, kN.

Hinh 2.8. So' @6 doan day neo chiu tii trong ban than

Xét can bang phan t6 dy neo (hinh 2.9).
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/v\ di y dz
dTy, —— >
<—

qdl
Hinh 2.9. So' @6 cin bing phan t6 diy neo

Theo phuong thang dimg, dé phan t6 ddy neo cén bang, ta co:

dT, = qdl, véi dl = Vdx? + dz?
- X 2. . _ X dz 2
Bién dita duoc:  dT, =q f) |1+ (L) dx (2.1)
Do day khéng chiu udn nén ta c6 can bang mé men [40,60]:
dT, = dT,dz

\ ;. dz x dz\?
Thay (2.1) vao co: dT,—=q Jo 1+ (E) (2.2)
Pao ham theo X ¢6 phuong trinh cin bang cho phan doan day neo:

wege ] &

dx? E

Phuong trinh can bang doan day neo theo phuwong ngang va ding:

{Tx =T, cos(6,) = Tcos(0) (2.4)
T,sin(8) — Tysin(6,) = ql '
Chiéu dai doan ddy neo dugc xac dinh [40,60]:
212
L= [1 +(©) ] | (2.5)
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Néu dat c==, (2.6)

Tir 46 xac dinh gia tri nghiém cta phuong trinh can bang doan diy neo

nhu sau:

x(l) = c.arcsinh E + tan(@o)] — c.arcsin[tan(6,)].

(2.7)

z(x) = c.cosh E + arcsin(tan(@o))] — c.cosh|arcsin(tan(6,))]

Thay x(I) vao z(x) ta duoc toa d6 z theo chiéu dai | cia day neo:

1/2

z(l) =c. {[1 + (é + tan(Bo))zl - sec(QO)}. (2.8)

Chiéu dai day neo tinh theo toa do X:
I(x) =c. {Sinh E + arcsin(tan(@o))] — tan(@o)}. (2.9)
Ta co: T =.T?+ T2
Thay T, theo phuong trinh can bang phuong dimg: T, = ql + T, tan(6,)

Ta dugc luc cang doc theo day neo:

T =T, \/ 14 (i+ tan(90)>2. (2.10)

Luc cang tai vi tri dau ddy neo c6 chiéu dai la L:

T() =T, J 1+ (5 + tan(@o))z. (2.11)

Luc cang tai chan day neo:

T, =T, \/ 1+ (tan(6,))". (2.12)
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Tir (2.4) ta xéc dinh duoc géc 6: 8 = arcos (). (2.13)

Tur do xac dinh: T, =T.siné. (2.14)
Truong hop chiéu dai ddy neo thoa méan:
- Goc hop boi diy neo tai diém dau 6, = 0 véi do sdu nudc z = z, = d

- Vira du dé khong c6 doan nao nam trén dat thi chiéu dai day neo la

chiéu dai gi6i han cta dudng day neo, ky hiéu Ly (hinh 2.7).
Ta c6 thé xéac dinh chiéu dai day neo gidi han nhu sau:

Xy = c.arccosh (?) (2.15)

L, = c.sinh (x—g) (2.16)

c
Xac dinh duogc toa d6 X va z tuong ung:
X = c.arcsin (é) Z = C. [cosh G) — 1]. (2.17)
Khi lyc ngang tac dung vao dau day neo thay doi, dau day neo s& dich
chuyén. Ky hiéu u la chuyén vi dau day neo, ta c6 cong thirc:
u=~L;—L+x—x,. (2.18)

2.2.2. Cong thirc Morrison

2.2.2.1. Tdi trong tic dung lén thanh dit thiang dirng
Xét 1 thanh hinh try nam thang dtng trong chat 16ng, chat long chuyén
dong véi van téc, gia toc theo phuwong nam ngang 1a v, a thanh hinh tru ciing
chuyén dong theo phuong nam ngang vai van toc, gia toc twong ng 1a 1, ii.
Theo Morison, lyc do chét 1ong tac dung 1én 1 don vi chiéu dai phan tur

hinh tru [8]:
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q = qu + dp, (2.19)
qy- luc quan tinh do cac phan tir chat 16ng chuyén dong co gia tdc tac

dung 1&n thanh hinh tru, KN.
qu = Pn-A.a + Cy.p,. A(a — 1), (2.20)
p,- khdi lwong riéng cua nudce, kg/m?;
A - dién tich tiét dién ngang cua thanh, mz;
C,- hé sb khéi lugng phu thudc vao hinh dang tiét dién tru [8,37,59];
qp - luc can ma sat gdy nén do ma sat gitra dong chay va mat tru, KN,
ap =3 CopuDlv — Ul (v — ), (2.21)
D - kich thuéc ngang 16n nhét cia tiét dién thanh hinh tru thang goc voi
phuong cua dong chay, m;

Cp - hé sd luc can, phu thudc vao hinh dang tiét dién, sd Reynolds cua

dong chay va d6 nham bé mat cta hinh tru [8,37,59].
Nhu vay luc tac dung cta chit 1ong 1én 1 phan tir chiéu dai hinh try:
q=pyAa+Cyip,A(a—il)+ %CD.pn.Dlv —u|(v—u), (2.22)
Doi véi thanh cb dinh thi @ = 0 vaii = 0.
Cong thirc Morrison dugc viét lai:
q = Qu + o = Cu-Pn- A-@ + Cp. pu- DIv[, (2.23)
Cy - hé s6 luc quan tinh, Cyy = 1 + C,.
2.2.2.2. Tai trong tac dung lén thanh dat xién trong khong gian

Trong thuc té, ddy neo c6 vi tri bat ky khi duoc chia thanh nhiéu phan ttr

thi cac phan tir ndy khong nam thang dimg ma xién trong khong gian, mot

49



phan tir thir j didc trung bdi vecto don vi cj, cac cosin chi phuong twong tng la

Cxj» Cyjs Czj (h‘lnh 26)

Chiéu thanh phan véc to van tdc va gia toc 1én 2 phuwong vudng goc va

doc tryuc cia thanh ta c6 [8]:

Thanh phan van tdc theo phuong doc truc phan ti:

Vex = (VxCoj + 13y + 1,05 )Cyj
Vyy = (vxcxj + vycy; + vzczj)cyj. (2.24)
Vez = (UxCoj + VyCyj + 0,C45) s
Thanh phan van tc theo phuong vudng goc vai truc phan tir:
Unx = Uy — (Uxij + UyCyj + vZCZj)ij
Uny = Uy — (VnCyj + VyCyj + 5645y (2.25)
Vnz = VU, — (Uxij + UyCyj + vZCZj)CZj
Tuong tu thanh phan gia téc theo phuong vudng goc voi truc phan tir:
Anx = Ay — (AyCyj + AyCyj + yC55 )Cyf
Apy = Ay — (axcxj +a,cy; + azczj)cyj. (2.26)
Any = Az — (AxCyj + aycyj + ayC45)Cy;
Tir cong thic (2.23), thay a va v bang a,, Va v, tai trong phan bd vudng
g6c vOi truc phan tu:
1
Gnx = CypPrAan, + > CpPnD|Vnx|Vny
- 1
Qny = Cyfipdan, + ECDan|vny|vny. (2.27)
1
anz = Cuprday, + > Cppn D vy |V,
Thay thé v bang v,, xac dinh tai trong phan bd doc truc phan tir:

1
Qix = > CpePnD|Vex|vex

1
Aty = Py CptpnD |vty|vty- (2.28)
1
thz e CptPn DV |V,
Theo DNV- GL [37]: Cp = Cps(A). Y (K,), (2.29)

Cps - hé s6 luc can phy thudc vao do nham,;
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A - 30 nham cua phﬁn tor, m;

VmTm.

K. - s6 Keulegan - Carpenter; K, = o

Y - hé $6 dong theo, tra theo dd thi (hinh 2.10. Phu luc);
T- chu ky séng, s;
V- Van toc 16n nhat cua phﬁn tir nudc, m/s.
Cps xac dinh theo cong thuc [37]:
A < 107* thi Cps(A) = 0,65;
Néug 107* < A< 1072 thi Cpg(4) = (29 + 4.log10(4))/20;  (2.30)
A> 1072 thi Cpg = 1,05.

C, — hé s6 khdi luwong, duogc xac dinh [37]:
K. <3khidéC, =1;

K. > 3 khidé C, dwocxacdinh: C, = max{l — 0,044(K, - 3)} (2.31)

0,6 — (Cps — 0,65)
Cot - hé s6 luc can tiép tuyén, Cpy = Cp,(m + n.sin)cos{, (2.32)

Cpy- hé s luc can phap tuyén, theo DNV- GL: Cp,, = Cp.

m, n - hé sé xac dinh theo bang [37], ddi voi dang thanh tiét dién try
manh m = 0,02-+-0,03; n = 0,04--0,05;

{ - goc hop giira truc phan tir va véc to van toc phan tir nude.

Hoic tra Cp, theo db thi (hinh 2.11. Phuy luc).
2.2.3. Co sé 1y thuyét séng

Chuyén dong song cua chat 16ng 1a qua trinh lan truyén dao dong cia
mit nude. Nguyén nhan giy ra song co thé 1a do cac yéu té chu yéu sau [5]:

Song do tau chuyén dong; song do gio; song do dao dong ctia nén; séng
thuy triéu. Ta xét song do gi6 1a chi yéu. Séng do gid goi 1a song trong luc
(song dao dong do trong lwong ban than). Trong 1y thuyét song, chit 16ng coi
nhu 1a chat 1ong 1y tudng, dong chay coi 1a dong chay thé (dong chay khong

c6 xo4y). Cac dic trung chu yéu cua song duogc thé hién trén hinh 2.12.
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Hinh 2.12. So' db biéu dién cac diic trung ciia séng
d - d0 sau nudc, m;
n - do 1éch cua profil song so vo1 mat nudce lang, m;

H - chiéu cao song, m;

A - chiéu dai song, m.

2.2.3.1. Cic phwong trinh chuyén djng ciia séng

Pé biéu dién chuyén dong cua séng can hé gdbm 3 phuong trinh: phuong
trinh Laplace, phuong trinh dong hoc va phuong trinh dong luc [35].
- Phuwong trinh Laplace

0%2¢p . 3%¢ , 3%¢

o Ty T o = U (2.33)
@ - ham thé van tdc.
Céc diéu kién ban dau:
®o = ¢o(x,¥,2,0); no = no(x,y,2,0). (2.34)

- Phwong trinh biéu dién diéu kién dpng hoc trén mt nwéc
L4y vi phan toan phan cua 7 theo t:

dn _dndz  dndx | dndy,

dt _ dtdt ' axdt ' dyadt (2.35)
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Trong do: — =V = Uy = Uy

Phuong trinh diéu kién dong hoc khi z = n:

dp _on  ande  ondg (2.36)
0z ot 0x dx 0y oy '

- Phuong trinh phwong trinh Lagrange
il + () + (D) +am=o] @237
2.2.3.2. Ly thuyét séng tuyén tinh [5,25,35,61]
Xét mo hinh phang (khong c6 thanh phan toa do y), bién do nho va bo
qua thanh phan phi tuyén trong phuong trinh dong hoc ta c6 hé phuong trinh:

2 2
(¢ L 070 _

dx? 0z2
99 _ 9 (2.38)
0z at
dp _
5 Tan=20
Céc thong sb cua 10i giai 1y thuyét song tuyén tinh dugc xac dinh theo

cac cong thire:

Ham thé van téc: ¢ = #}'{q(kd)cosh[k(z + d)sin(kx — wt)].  (2.39)

Phuong trinh dao dong mit nudc viét dudi dang thuc co dang:

n= Coszzkd) coshk(z + d)cos(kx — wt), (2.40)

Khi z =0 ta co:
Q= %Sin(kx — wt), (2.41)
n = a,.cos(kx — wt), (2.42)

g - gia tdc trong trudng, m/s%;
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k - s6 song trong pham vi chiéu dai 2x: k== (2.43)
- bién d6 soéng, m;

o - tan s6 goc cuia song, rad/s;

w = k. g.tanh[k(z + d)]. (2.44)

Khiz=0vak=="thi: = \/27”.9. tanh(kd). (2.45)

- van toc lan truyén song, m/s, dugc tinh:

Cs =%~ (2.46)
Tm - chu ky séng, s, dugc tinh:
T == (2.47)

Moi lién quan gitra cac dai lugng dac trung ctia song phu thudc vao vung

nudc nhu sau:

0< d/2<0,05: Vung nudc nong (% K 1)

Do tanh (Z”d) ~ 22
Nén cs = /94 A =Ty [gd; w = ¢, =", (2.48)
0,05<d/A <0,5: Vung nudc trung gian

c; =L ta h(?);z_”mt \/—gt )(249)

0,5< d /A <oo: Vung nudc sau (d = )

gl 9Tm 9T 21
g = |L=fm, j_Im. - 2Ty 2.50
S 21 21 T Ag ( )

Lay dao ham ham thé ta duoc van tdc va gia tbe phan tir nude tai (X;2)
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_ 99 _ 99 _ 0vy __ 0y,
Vs T V2 T o T 0 %2 T

(2.51)

Thanh phan van téc phan tir nude do song:

as.g.k

w.cosh(kd) COSh[k(Z + d)]COS(kx - wt)(2.52)

Theo phuong ngang: v, =

as.g.k

w.cosh(kd) Sinh[k(z + d)]Sin(kx - (Ut) (2.53)

Theo phuong dung: v, =

Thanh phan gia téc phan tir nudc:

Theo phuong ngang: a, = COC;Z ‘?:d) coshlk(z + d)]sin(kx — wt) (2.54)
Theo phuong dimg: a, = — %Sinh[k(z + d)]cos(kx — wt)(2.55)

2.2.3.3. Ly thuyét séng thuc

Trong thuc té, do cac yéu té vé khong gian, thoi gian, cac yéu to cia moi
truong nhu da gio, van tde gio, thoi gian gio thinh hanh, ap suat khong khi,
chiéu sdu muc nude anh huong dén song bién 1am cho né khong c6 dang diéu
hoa ma song bién co tinh chat 1a mot ham ngau nhién nén song, gié cé tinh
chat rat bat thuong phu thudc nhiéu yéu td cua ving bién dang xét, vi vay
song & bién thé hién tinh dia phuong 16 rét [5,25,35,61]. Mic du vay, ching
c¢6 thé dugc xem nhu su chong cua nhiéu soéng diéu hoa thanh phan thdng
thuong, mdi thanh phﬁn 6 bién do, chiéu dai, thoi gian hoac tan sb va huong

truyén riéng duoc minh hoa trong hinh 2.13. Séng thudng dugc chia thanh:

- Song nudc sau, doi khi con duoc goi 1a song ngan: S6ng khong chiu

anh hudng cta yéu to6 day bién.

- Song nudc néng: S6ng chiu anh hudng nhiéu boi yéu to dy bién.
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Hinh 2.13. M6 hinh song thue

Nhu vay co ché tao thanh song bién do phu thudc nhiéu y€u t6 rat phirc
tap nén viéc md td mat song mot cach ding dan va chinh xac cac thong s6 dac

trung song rat phuc tap. Co thé mo ta song theo cac cach nhu sau [5,25,61]:

- Coi mit song bién 1a t6 hop ctia nhiéu song riéng biét roi rac, mdi song
riéng biét ay duoc dic trung bang chiéu cao song, chu ky séng va pha song
khac nhau. Nhu vdy c6 thé md ta song ngdu nhién khong diéu hoa bing to
hop tuyén tinh mot s6 lugng 16n cac séng diéu hoa thanh phan. Cac séng dicu
hoa thanh phan nay co bién d9, tan sb, goc pha va hudng khac nhau.

- Mit song bién duoc md ta bang cac dic trung théng ké cua chiéu cao
song. S6 lidu quan trac thyc té cho thdy tung d6 cua mat song bién bién doi
ngau nhién theo khéng gian va thoi gian, ky hiéu n(x, y, z, t) va thudng duge
mo ta bang mo hinh xéac xuat.

Phuong phap dé mo ta song theo qua trinh ngiu nhién, tiy thudc vao xur

Iy thong ké cac sb liéu song.
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- Phuong phap phd song: coi qua trinh ngau nhién cua tung do séng n 1a
nhitng quéa trinh ngau nhién dung. Trang théi cua qua trinh ngau nhién n(t)
phu thudc vao thoi gian nén cé thé mo ta mot cach d?ly du béng ham mat do
pho, ky hiéu 1a S, (w).

- Phuong phép song thiét ké: Mo ta cac thong sd song theo tan suat dam

bao, phit hop quy dinh ctia quy pham hay tiéu chuan thiét ké cong trinh bién.
2.2.3.4. Phé séng
Ning lugng cua song bao gébm dong ning va thé ning cia song. Co thé

biéu dién nang lugng Eg ctia song khong diéu hoa nhu sau [8,54]:

co 2 _
Es = pg [y J7), Smn (@, B) dwdys, (2.56)

Trong d6 S, (w, it) goi 1a phd niang luong theo hudng i cua song. Goc I
duoc tinh tir hudng chinh cia gié giy ra song, co thé biéu dién Sin(w,m) gan

ding don gian hon.
S = Sy (@M (D), (2.57)
U — gbc phuong vi;

Snn(w,ﬁ)

- phd ning luong ctia song dinh dai don hudng;
M(i) - ham cua goc i, co gia tri cuc dai lac g = 0 va c6 gia tri cuc tiéu
lGc @ = +m/2 va théa man diéu kién:

/2

—TL'/ZM(‘II) = 1'

Theo Germany Lloyd c6 thé 14y:

M) = %cosz . (2.58)
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Néu biét chiéu cao song dang ké va chu ky séng trung binh ciua mot
trang thai bién ngén han, c6 thé tinh todn pho séng don huéng S, (w) theo
cac cong thuc kinh nghiém.

Ciing giéng nhu s6 liéu thong ké chiéu cao séng, nguoi ta dd mé ta phd
tan s6 song theo mot dang chuan. Hai dang phd thong thudng duoc tim thiy
trong céac tai liéu 12 phd Jonswap (Pé 4n phdi hop khao sat song bién Béc -
Joint North Sea Wave Project) va phd Pierson-Moskowitz. Cac cong thirc
toan hoc cua cac phd ning luong song don hudng chuan hoa nay dua trén hai

tham s6: chiéu cao song dang ké Hs va chu ky dinh phé Tp.

- Pho Pierson-Moskowitz (P-M) [59]:

Spy(w) = %Hszexp (—2(2)4), (2.59)

Wp
H,- chiéu cao song dang ké, m;
wp- tan s6 dinh pho, rad/s: wp = 21/ Tp.
Tp - chu ky dinh pho, s:

Tp = 1,408.T,, (2.60)
T,- chu ky cit khong, s, xac dinh theo [8]:
T,=T,,/1,086. (2.61)

Pho song dugc 1dy trong khoang tir w, dén wy [59]:

W, = 0,58.2T—’:; wr = 5,1101.2T—’Z’. (2.62)
Bién d¢ song tai thoi diém i [5]:  ag, = /2s(w)Aw, (2.63)
Trong do:
Aw duoc tinh: Aw = ==, (2.64)
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s(w;) - pho song;
N - sO con song.

- Pho Jonswap:

S;s(w) xéc dinh twong ty nhu phd P-M trong trang thai bién ngan han.

Pho Jonswap c6 dang [5]:

Wp

4
) =watasesp[-2(2) Ty | .

w - tham so cta pho, 1 tham sb khong thtr nguyén;

Theo DNV-GL[37] hoac xac dinh theo [59]:

exp[—o S(w—wp>2
S;s(w) = AySPM((U)]/ Thoer /]

Spy(w) - cong thirc ciia phd P-M;
y - théng s6 hinh dang dinh pho;
o - thong s6 do rong dinh phé;

A, —chi s6 chuan cua pho: A, =1-0,287In(y).

Néu khong cho cac gia tri riéng, ¥ dugc lay nhu sau (hinh 2.14):

y =5 dbi véi -2 < 3,6:

JHs

_ _ TP ) 44i v T .
y = exp (5,75 1,15\/11_5) doi vai 3,6 < Nr < 5;

Yy =14d6ivoi5 < 2. ppé Jonswap tring v6i Pho P-M.

~ JHs
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Hinh 2.14. Phé Jonswap khi Hs=4.0m, Tp,=8.0s
trong cac truwong hop y =1 (pho P-M),y=2,y=5
Dai tan s6 tinh toan cta phd dugce lay:
ws = w(0.58 + 0.0572); wy = w,F(y). (2.71)

F(y) - phu thudc y duogc ldy theo bang 2.1. (Phu luc).

2.2.3.5. Miit séng ngdu nhién va cdc dai lwong dong hoc ciia séng

Céc kich dong cua song truyén tdi tir cac vung khac nhau 1a khong dong
pha va la dong luc giy ra su bién do1 ngau nhién cua do 1éch mat nudc. Su
bién doi nay dugc mo ta nhu tong vo han cac séng di€u hoa voi cac do 1éch

pha ngau nhién. Phuong trinh mét séng ngau nhién duogc xac dinh [5,59,61]:

n(x,t) = zN (aSi. cos(k;x — w;.t + al-)), (2.72)

i=1
as,;- bién do song ngau nhién;
ki - & song ngau nhién;
w; - tAn s6 song ngau nhién;

a; - goc léch pha ngau nhién.
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Céac goc pha ngiu nhién a; dugc gia thiét phan b déu trong khoang tur
0+ 2, nghia 14 sao cho sy xuét hién gia tri bat ky cua n6 1a dong x4c suit.
Theo cac cong thirc tir (2.52) dén (2.55), xac dinh dugc cac thong sb

dong hoc cua song ngau nhién nhu sau:

v, (x,2,t) = YN, [f‘mcosh[ki(z + d)]cos(k;x — w;t + al-)]. (2.73)

v,(x,z,t) = YN, C;Sl‘ — “Zl((;c 5 sinh|k;(z + d)]sin(k;x — w;t + al)] (2.74)

ki .
a,(x,z,t) = YN, [asi Cosi(kid) coshlk;(z + d)sin](k;x — w;t + al-)]. (2.75)

a,(x,z,t) = YN, [asl -~ “Z’(c;c 5 sinh|k;(z + d)]cos(k;x — w;t + al)] (2.76)

2.2.4. Ly thuyét dong chay
2.2.4.1. Cac logi dong chay
Sy di chuyén cua nudc bién tir noi nay sang noi khac trong bién hay dai

duong goi 1a dong chay bién [5]. O ngoai khoi dai dwong dong chay bién di
chuyén va 16i cuén nhiing khéi nudc 16n, sy chuyén dong nay dién ra trén

hang nghin km. O bién va cac thém luc dia, dong chay c6 quy mo nho hon.

Theo cach phan loai s& quyét dinh phuong phap tinh dong chay, c6
nhiéu cach phan loai dong chay, theo nguyén nhan hinh thanh dong chay gay
ra do thuy triéu, dong chay gay ra do gio, dong chay gay ra do dong dat, nii
lira Vv.... Khi nghién ciru thity van bién, con phéan biét dong chay cb dinh,
dong chay tuan hoan, dong chay tam thoi. Theo su phan b do sau, phan biét
dong chay mat, dong chay sau, dong chay sat day. Theo nhiét dg, cd dong
chay nong, dong chay lanh. Theo tinh chit chuyén dong, chia dong chay
thanh dong udn khiic, dong chay thang, dong chay xody thuan, dong chay
xoday nghich.
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2.2.4.2. Sw phén bé vin toc dong chdy theo dp sdu nwdc

Nhin chung chu yéu xét 2 yéu té chinh xac dinh dong chay 13 tridu va
gi6. Tai do sau z bat ky:

Vac(2) = Vil (2) + Vi (2), (2.77)

ViT(z) - van tdc dong chay do tridu, m/s;

V.7 (2) - van toc dong chay do gi, m/s.

Theo DNV-GL[37]: Do ma sat & day bién nén profil dong chay c6 dang
mot 16p bién roi, van tde ciia nd gidm tir mat dén day theo luat:

1/7
Vi@ =vE (52) iz <0 (2.78)

Trong do: V.- van tdc dong chay triéu ving nude ling, m/s.

Dong chay gy ra do gid 1a dong chay trén mat bién duoc tao ra do ma
sat & 16p bién roi giita nudc va khong khi. Khac v6i chuyén dong cua song
trong luc do gié gay ra, dong chay do gid gan lién véi su di chuyén tinh tién
mot khéi lugng nude tir noi ndy sang noi khéc.

d0+Z

g i 0>z> —
v ()= Vdc(do)kth_Z_ dy
0 khiz< —d,

(2.79)

Trong do: dy- dd sau nudc chiu d&nh hudng cua van tdc gio, m.

Vian tdc cua dong chay ciing giam dan theo d6 sau. Néu khong co céac
quan sat chinh x4c, c6 thé lay van téc dong chay trén mat bang 1% van toc
trung binh cta gié trong mot gio & do cao 10 m.

Nhu vay khi khong ké dén tac dung cta song, van toc dong chay duoc
xéc dinh theo cong thic (2.77) nhu hinh 2.15a. Khi ké dén tac dung ciia song
thi mit nudc sé thay doi thé hién nhu hinh 2.15b. sao cho Vzo=V21=Vz, [13].
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Hinh 2.15. Phan bd van toc dong chay theo dd sau

Su thay d6i profin dong chay theo d6 sau: Khi ta c6 s6 lidu dong chay
mit va dong chay day bién, co thé thiét 1ap quy luat thay doi ctia van tbc dong
chay theo dd sau sau do ap dung dé tinh noi suy van tbe dong chay tai d§ sau
z bat ky, tir 46 x4c dinh tai trong dong chay tac dung 1én két cau. Ddi voi két
cau dang ddy neo dugc coi 1a két ciu c6 tiét dién manh, tai trong dong chay

cling dugc tinh theo cong thirc Morrison.
2.2.5. Phuong trinh dao dong tong quat ciia hé
Trong tinh toan dao dong, hé phuong trinh dao dong c6 dang [1,54,61]:
[M]ii + [Clu + [K]u = {F;}, (2.80)
u - véc to chuyén vi nit;
[K] - ma trdn d§ cung cta hé;
[M] - ma tran khoi luong cta hé;
[C] - ma tran can nhdt cia hé;
{F,} - véc to tai trong nat cta hé, 1a dai luong thay doi theo thoi gian.

Pé xac dinh cac hé sb cua hé phuong trinh (2.80) can xac dinh cho mot
phan tir trong hé toa do dija phuong sau d6 chuyén vé hé toa do tong thé cua

ca hé.
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Theo phuong phap PTHH dbi vi mot phan tir gian c6 chiéu dai | ta c6:

u(x)
{u@)} = vl ¢ = [N{ule,
w(x)
Trong d6 ma tran ham dang:
1-2 0 0 20 0
l x I x
INI=| o 1-7 125 0 7 2
0 0 1 0 0

{ule={t1 1 w1 U V; Wy}

Xac dinh ma tran khdi luong [m], cua phﬁn tur:

(ml, = [, p[NI"[N]dv.

2 0 0 1 0 0

020010

_ Al 2 1
Suy ra: [m]e="7‘1) 8 : g 8 | (2.81)

0100 20

0 010 0 2

p - khéi luong riéng cta phan tir, kg/m®;
A- tiét dién ngang cta phan tir, m?;
| - chiéu dai cua phr:fm tir, m.

bé xac dinh ma tran d6 cing cua phan tir [k],, can luu y rang két cau hé
neo la hé mém, khi chiu tai trong sé c6 chuyén vi 16n, vi vy ma tran do cing
[k]. s€ bao gom hai ma tran d6 cung la ma tran d6 cing dan hoi va ma tran

dd ctmg hinh hoc [61].

[kle = [kele + [kgle. (2.82)

[ke], - ma tran d6 cing dan hoi ciia phan tu:
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1 0 0 -1 0 0
0 0 O 0O 0 O
_EAlO0O O O O 0 1
kele="121 0 0 1 0 o (2.83)
O 0 0 0 0 O
L0 0 0 0 0 o
E - m6 dun dan hdi cia vat ligu, KN/m?;
[kg],- ma trdn d6 ctng hinh hoc cta phan tir:
0 0 0O 0 O 0 7
0 1 O 0 -1 0
110 O 1 0 0 -1
[kgle = 1o o 0 0 O ol (2.84)
O -1 0 o0 1 0
0 0 -1 0 O 1

T = T () - lyc cang cua diy neo phu thudc vao chuyén vi, kN.

Chuyén vé hé truc toa do tong thé dé xac dinh [M] va [K], tir 46 x4c dinh

ma trdn can nhét ctia hé [C] 12 to hop tuyén tinh cua [M] va [K].

2.2.6. Xac dinh véc to tii trong nuat theo phwong phap PTHH
2.2.6.1. Xét tdi trong doc truc (hinh 2.16)
A Y

Py q(x) Pa

— w1 »——————» X

— UXx) — 5

— LAE

Hinh 2.16. Phan tir chiu bién dang doc truc

Ma tran ham dang duogc xac dinh [19,20]:
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X

(V] = [(1-3)3] = (@M@, (2.85)
Trong do:  [Ny()] =1-7; Ny(x) = 7.
Vi thanh chiu bién dang doc truc ta c6 véc to luc tai nut dugce xac dinh:

X

P}, = ['INTTq()dx = | ( \ ) q(x)dx. (2.86)

l

2.2.6.2. Xét tdi trong vuéng géc véi truc phan tir (hinh 2.17)

Hinh 2.17. Tai trong phan bd vudng goc v6i truc thanh

Ma tran ham dang duogc xac dinh [19,20]:

1 0 0 01
0 1 0 0
[N]=[1 x x%x3]. ;—j ‘72 g ‘71 = [N, (x)N;3(x)Ns(x)Ng(x)] (2.87)
2 1 -2 1
5 2 B E

x3
13’

2 2 3
Trong do: Nz(x)=1—3%+2 N3(x)=x—2x7+%.

x? x3 x?2  x3
N:(x) = 31—2— 2—; Ng(x) = —T+l—2.

13;

Tai trong trén phan tr dugc quy vé nit:
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(1 ~32 42 ’;—3)
x%  x3
_ I T _ ! x—2 T + 1_2
Pl = [iINTqeodx = '] ~ 0T T |qeodx. (2.88)
31—2 — 21—3
x% X3
—Tte

2.2.6.3. Xét phin tir khung phing cé lién két khép
Ma tran d cing cta phn tir thanh chiu lyc vudng goc véi truc thanh:

12 61 —12 6l
_Er|6l 412 —6l 202

[Kle = Bl=12 6L 12 —e6l)
6l 212 —6l 412

(2.89)

Trong d6: ;- mOmen quan tinh ciia mat cat ngang so voi truc Z.

Tir phuong trinh can bang cta phan tr khung phing theo phuong phap
PTHH [19,20]:

[K]e-{u}e = {F}e. (2.90)
Suy ra phuong trinh cAn bang ctia mot phan tir khung phang doc lap

khong kéo nén doc truc véi lién két bat ky & nut dau va nut cubi

- 12E] 6E] _ 12E] 6E] -
13 12 312 . _
ey _syoze | () () (@

12 1 21 i _ )P M; (2.91)

_ry s nze_ser |\ ( TR (T Q[ '
3 12 3 12 , .
w2y e _agy | ) \Pe) M
- 12 l 12 l

P,, P3, Ps, Pg— cac luc quy vé nut trong truong hop 2 dau lién két cung;
Qi, M;, Qj, M — céc ndi luc hai dau.

Truong hop dau nat i, j c6 khép:  u=0; Mi=0; u;=0; M;=0.
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Thay vao hé phuong trinh (2.91) ta tim duoc:

(90 _ 1(Ps—2P3)
ol ) e | (2.92)
Q] P5 + P3‘;P6
9 1(2Pg—P3)
\ 6E] Y,

Tai trong quy vé nat ctia khung phang c6 khép tai 2 dau sé la:

F, (Qi\ er - PBJ;PQ

Bl _ )M —J 0 L (2.93)
FS - Q] - P5+P3+P6 ) )
r) ) | ) )

Truong hop phan tir chiu ca luc doc truc ta ¢ véc to tai trong nat 1a:

P
F ( 1 )
(F? P, — P3J{P6
Fs\ _ 0
9 F, F =3 P, g (2.94)
FS P5 + P3';P6
(P
P,
Trong do< P3 *1a véc to luc nat cua phan tir khung phang khi c6 lién két
4
Ps

\ P,/

cung.

2.2.6.4. Xdc dinh véc to tii trong niit phéin ti gian khong gian c6 lién két
khop

Lay tich phan ta duoc:
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Piy = [ Ny ()i () dx; Pry = [7 Ny () qr, (X)dic; Py = [ Ny (1), (x)dx )
= [ Ny () Gnx () dx s Py = [ Ny () Gy (OdX; Py = [ Ny (1) gy () dx
Py = Ji Na(O)ny ()dx; Pay = [ N3(¥) Gy (0)d; Pay = [ N3 () Gz (¥l
Py, = ff Ny () qex (x)dx; Pyyy = ff N, (x)qey () dx; Py, = ff N, (x)qe, (x)dx
Poy = [ Ng () e (X)dx; Py = [2 Ny (X) @y (X)d; Ps, = [ N ()G, (x)dx
Pox = Jo Ne(X)@ny ()dx; Poy = [ N(¥)qny ()d; Pey = [ Ne()qnz (¥)dlx )

(2.95)

Tong hop luc theo 3 phuong x,y,z véc to tai trong nit phan tir gian

khong gian dugc xac dinh nhu sau:

-Plx + (sz _ P3x+P6x ]
P3y+P,
(Fry  |Pry+ (Pey — o )
F
Fi Plz (PZZ PSZ+P6Z)
S b | (2.96)
| Pa (P + 220)
Fs P +P
\Fe) | Pay + (Psy +22272)
Psy+Pes
o (e 2275)

Véc to tai trong nit ciia phan tir ddy neo gém véc to tai trong nut do tai
trong song, tai trong dong chay, tai trong ban than va tai trong tr CTBN tac

dong 1én h¢ day neo.

2.2.7. Phwong phap tich phan truc tiép phuwong trinh vi phin theo

Newmark

Khi giai quyét bai toan dao dong day neo s& din dén mot hé phuong
trinh vi phan dao dong. Phuong phap luan dé giai cac phuong trinh dao dong
c6 thé theo ba cach: Phuong phap phan tich theo cac dang dao dong riéng,
phuong phép giai theo mién tan s6, phuong phap giai theo mién thoi gian.
Tuy nhién bai toan dong luc hoc ddy neo mang tinh chat ciia mot hé théng phi
tuyén, do d6 khi giai quyét bai toan dong luc hoc day neo s& dan dén mot hé

phuong trinh vi phan dao dong phi tuyén. Dé giai hé phuong trinh vi phan phi
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tuyén nay phai 4p dung phuong phap tich phan truc tiép theo mién thoi gian.
Phuong phap nay dua trén nguyén tic tich phan tryuc tiép theo bién thoi gian
v6i phuong trinh vi phan cua bai toan dong trong d6 bién thoi gian t dugc
phan tich thanh ting buéc At déu nhau, thuat giai tong quat nhu sau:

- Chuyén phuong trinh vi phan xuat phat véi bién lién tuc t vé hé phuong
trinh sai phan véi bién thoi gian t d3 duoc roi rac hoa, trong d6 t 1a khoang
thoi gian can quan sat doi v6i cac phan Gmg dong cia hé;

- Giai phuong trinh vi phan theo phuwong phap truy hdi: Phuong phap
truy hoi phai gia thiét cac diéu kién ban dau vé chuyén vi, van toc, gia toc;

Ba dang phuong phap tich phan theo mién thoi gian la phd bién nhat:
phuong phéap so do sai phan trung tam; phuong phap Winson; phuong phap
Newmark. M&i mot phuong phép déu cé nhiing dic diém riéng [4]. Song
khong phai phuong phap nao cling cho nghiém hoi tu. Trong luan an s€ dua

trén co so 1y thuyét cua phuong phap Newmark dé giai quyét bai toan [48].
Khi xap xi dao ham theo Newmark ta co:
{Wesne = (Wl + [(1 = 8ty + Silia )AL, (2.97)
. 1 . . 2
{ulesne = (e + {U} AL + [(E - a) {ii}e + a{u}t+At] At~ (2.98)
t - thoi diém t; At - bude thoi gian; {u} - chuyén vi nat ctia két cau;
{11} - véc to van tc nut cta két cau; {il} - véc to gia tbe nut cia két ciu.

Cac hé sd 6 va a duoc lay: § > 0,5; @ = 0,25(0,5 + 6)2.

A 4x _ oy -6 _ 1, _ 1 4 _8_ ..
Neu dat aO_aAtz' al_aAt'az _aAt'a3 " 2a L a4_a L
At (6
as == (3-2); ag = At(1 - 6); a; = 8A. (2.99)

Tir (2.97) va (2.98) rat dai luong vén te, gia toc ta duoc:
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{U}esne = LU} + aelii}e + ar{ii}eqae- (2.100)
{iderne = ao((erar — {u}e) — ax{ie — aslii}:. (2.101)
Thay (2.101) vao cong thirc (2.100) ta co:
{Werne = (U + aslit}e + a7lao({(Uerar — (U — aplti}e — asfii}o)].
{Wirar = aza0{Ul e — aza0{u}s + (1 — aya,){0}; + (ag — a,a3)aq{ii};(2.102)
Thay (2.101) va (2.102) vao phuong trinh dao dong (2.80) ta duogc:

[M]ao({u}eine) — aziti}y — az{ii}e + [Cllazap{u}rine — azaoful, +
(1 — aza){u}; + (ag — azaz){ii}e] + [Kl{u}rsne = {F}rsac

Bién do1 ta duoc:

{ulerac (IK]1 + ag[M] + a,[C]) = {F}eyar + [M](ao{u}e + ax{t}; +
az{ii},) + [Cl(ag{u}e + as{u}, + as{ii}e).

Ta dat: [K] = [K] + ao[M] + a4[C]. (2.103)

{F}HM = {F}esae + [M](ao{ule + ay{u}, + as{ii}, + [C](a; {u}, +

as{it} + as{ﬁ}t))- (2.104)
Tir d6 tim duoc chuyén vi tai thoi diém t + At:
~1—1r A~
{ulesar = [K] {F}HM- (2.105)

V61 moi so6 gia vé luc xac dinh duoc s6 gia chuyén vi:

~1—1 A~
{AuYene = [K] {AF},, (2.106)
Hiéu chinh s gia chuyén vi: {u}eiar = Uesne +  {Buliine. (2.107)
Hiéu chinh s6 gia van toc, gia toc:

{Usar = {(Whear + a1 {Au}in;
{{u}t+At = {il}ronr + ao{AuUlpins (2.108)
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2.2.8. Méi lién hé giira cac 1y thuyét
Cac ly thuyét trén s€ dugc ap dung dé thuc hién muc tiéu cta luin an thé

hién trong so d6 trén hinh 2.18. M6 hinh két cau
hé day neo
CTBN

Ly thuyét song || Ly thuyét dong chay

Tai trong ban than

\4
Cong thuc Xac dinh tai trong
Morrison 1én phan tir ddy neo

Phuong phép .| Quy cac tai trong vé

PTHH nut cua phan ti
v
A . 5
Xéc dinh Xac dinh tai trong |, | T4 trong Ién
MK C nut cua ket cau CTBN

v

L Thiét lap phuong trinh dao
dong cua két cau hé day neo

[M]ii + [Clu + [K]u = {F}

'

Giai hé phuong trinh dao
dong cua két cau bang
Newmark

Hinh 2.18. So' @6 4p dung cac ly thuyét
KET LUAN CHUONG

Két qua trong chuong ndy tac gia da thuc hién duoc:

- Pua ra mo6 hinh tinh toan h¢ day neo la mo hinh gian khong gian; phan
tich cac loai tai trong tac dung 1én phan tir diy neo;

- Phan tich co s 1y thuyét song ngiu nhién, dong chay, cong thirc
Morison dé xac dinh tai trong méi trudng tac dung truc tiép 1én day neo;

- Ap dung phuong phdp PTHH xay dung cac ma tran phu trg, ky thuéat
quy tai trong vé nit két cdu phan tir gian khong gian c6 lién két khép tir phan
tir thanh c6 lién két cimg, dé thiét 1ap hé sd phuong trinh can bang hé diy neo;

- Phan tich phuong phap Newmark dé giai hé phwong trinh vi phan dao
dong cua két cau hé day neo theo mién thoi gian.
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CHUONG 3. XAY DUNG THUAT TOAN TiNH TOAN HE DAY NEO
CONG TRINH BIEN NOI THEO MO HINH KHONG GIAN

Dé xdy dung dugc thuat toan tinh toan hé day neo mo hinh khong gian
chiu tai trong song ngu nhién trong mi trudng bién Viét Nam, can ¢ nhiing

budc chuan bi sau:

- Phan tich dic diém vung bién va song bién Viét Nam. Tir d6 x4c dinh

dang phd song thich hop voi ving bién Viét Nam;

- Thiét 1ap mat séng ngiu nhién tao tién dé cho tinh toan tai trong séng

tac dung 1én két cau day neo cta cac CTBN tai Viét Nam;

- Xay dung thuat toan tinh duong day neo don dudi tic dung cua tai
trong ban than, sir dung thuét todn nay dé xac dinh toa do nit ciia phan tir day

neo trong thudt todn tinh toan day neo mo hinh khong gian;

- Xay dung thuat toan tinh lyc hoc hé day neo, muc dich xac dinh dugc
gia tri lyc cang trong day neo, duoc 1ay 1a gia tri luc cing ban dau trong thuat

toan dong luc hoc h¢ day neo;

- V&i nhitng bude chuan bi nhu trén, tién hanh x4y dyng thuét toan tinh
toan dong luc hoc h¢ day neo mo6 hinh khong gian cho CTBN dat tai vung

bién Viét Nam.
3.1. Co sé va phwong phap xay dung thuat toan
Co 50 xdy dwng thudt toan:

Dua trén quan diém phan tich dong luc hoc két cAu: Noi luc duoc xac

dinh can bﬁng v6i ngoai luc co xét dén luc quan tinh va luc can nhot.
Phwong phap xdy dung thudt todn:

- Tinh toan dong hoc théng s6 séng ngau nhién;
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- Tinh toéan tai trong ban than, tai trong song, tai trong dong chay tac

dung 1én phan tir diy neo;
- Quy cAc tai trong nay vé nat theo phuong phap PTHH;

- Tai trong do cong trinh noi tdc dung 1€n hé day neo s€ dugc cong voi

tai trong nut tai dau day neo;

- Ap dung phuong phap PTHH thiét 1ap hé s6 hé phuong trinh vi phan
dao dong;

- Ap dung phuong phap Newmark giai hé phuong trinh vi phan phi

tuyén theo mién thoi gian.
3.2. Pic diém ving bién va séng bién Viét Nam
3.2.1. Ving bién Viét Nam

Theo [5] ving bién Viét Nam nam & phia dong cta Viét Nam, c6 dién
tich khoang 3.447.000 km?, do sau trung binh 1140 m, dugc bao boc bdi dat
lién va cac dao, quan dao nhung lai thong véi cac dai duong khac qua céc eo
bién: phia tdy nam thong ra An Po Duong qua eo Malacca, phia nam qua eo
Karimata va bién Indonesia di ra An D6 Duong, phia bac va phia dong thong
v6i Thai Binh Duwong qua cic eo bién siu va cac eo bién ctia quin dao

Philippine.

Vung bién Viét Nam c6 thém luc dia rong, chiém gr:fm ntra dién tich bién,
hai viing thém luc dia 16n ndm & phia Bic va phia Nam c6 do sau trung binh
trén dudi 100m, hai vinh nay tiép can véi ving bién nudc sau. Nhu vay ving
bién mién trung Viét Nam dai khoang 1500 km, thudc ving nudc sau. Phan
con lai khoang gan 1000 km & bo tay vinh Bac B va khoang 500 km & phia

dong va tay Nam B¢ 1a ving bién nudc vira va nong.
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3.2.2. Song bién Viét Nam

3.2.2.1. Song trong mua dong

Theo [5] séng trong mua dong thuong xuét hién tir thang 10, 11 nim
trude dén thang 3 nim sau, hudng song cha yéu trén bién khoi 1a huéng Pong
Bic, sau d6 13 huéng Bic va hudng Pong, cac hudng con lai khong dang ké.
Trong thang 11 va thang 12 séng c6 huéng Pong Bac chiém wu thé nhung
mién co d6 cao song trén 3 mét chi xuét hién tai mot ving khong 16n & phia
bac bién Pong. Thang 1 va thang 2 & ving gitta bién ton tai mot mién cod
chiéu cao song 16n hon theo huéng Pong Bac. Do anh hudng cua dia hinh
nén soéng hudng Pong Bac ¢ bién Pong c6 tan suat khoang (70+85)%. Con &
phia Nam khoang (60+75)%. S6ng huéng Pong ¢ phia bic ciing cao hon so
v6i phia nam, tan suat (7+15)%, con & phia dong ciia bién hau nhu khong
thay. Nhin chung, song theo huéng Pong Bic kha 6n dinh va co cuong do
manh. Trudc va sau nhitng dot gié mua Pong Bic, gid chuyén hudng hoic
giam téc do hinh thanh song limg, vé co ban cing hudng véi hudng song
chinh. Doc bd bién Viét Nam, chiéu cao song co thé dat gia tri trung binh

khoang (2+3) m va chu ky khoang (7-+-10) s.

3.2.2.2. Song trong mua hé

Theo [5] séng trong mua hé thuong xay ra tir thang 5 dén thang 8 hang
nam, huéng soéng triung véi hudng gié mua Tay Nam. Cudng do va tan suit
ctia song theo huéng Tay Nam yéu hon séng huéng Pong Bac. Hudng séng
gi6 mua Tdy Nam 6n dinh trén ving bién phia nam véi tan suét (60+70)%,
con & ving bién phia bac 13 (50-+60)%. O ving bién phia nam, séng gi6 mia
Tay Nam manh hon so véi ving bién phia bac va ngoai hudng chinh 1a Tay

Nam con xuét hién séng gi6é hudng Tay véi tin suat nho (5+10)%.
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Ngoai ra ¢ vung bién phia bac con xuat hién song gié hudéng Nam.

Nhu vay néu khong ké dén nhiing ngay co bio, song gid va song ling
trong mua hé thuong c6 cuong d6 nhé hon song mua déng. Vao mua dong
chiéu cao song trung binh tir (2<-3) m, chu ki (7-+-10) s. Con vao mua hé chiéu

cao song trung binh khoang 1,2 m, chu ki (5+9,3) s.

O Viét Nam, Trung tam khi twong thily van di thu thap va xdy dung cac
bang tan suit cta chiéu cao va chu ky song cho ba ving bién Bic, Trung,
Nam Viét Nam sb liéu thong ké vé chiéu cao va chu ky song cta cac ving
bién trong cac bang tmg véi tan suat dam bao 3% [Dan theo 8]. S liéu phan
bd séng ving bién mién Béc, Trung, Nam Viét Nam duoc cho ¢ bang 3.1 dén
bang 3.3 (Phu luc). SO liéu sau khi xtr 1y cho trong bang 3.4 tong két diéu
kién moi trudng bién voi chu ky 1ap 100 nim tai cdc mo khai thac dau khi ca
Viét Nam dung cho thiét ké.

3.3. Dang pho thich hop dé mé ti séng ¢ ving bién Viét Nam

Trong tinh toan coéng trinh bién, thuong gia thuyét tat ca cac song lan
truyén theo mot huéng chinh dugc dic trung béi phd theo hudng.

Phé song co thé thu dugce bang cach phén tich cac biéu ghi quan trac
dugc thuc hién theo thoi gian. Pdi v6i muc dich thiét ké cac md hinh phé
song thuong duoc sir dung, d6 1a nhitng biéu dién mo ta hinh dang phd. Pho
sau d6 dugc mo ta boi cac tham sb théng ké nhu H, va Tp

Céc pho song thuong sir dung: Pho Pierson-Moskowitz, Pho Jonswap.

Phén tich pham vi sitr dung hai dang pho song [25]:

Thir nhét, vé hinh dang phd: hinh 3.1. cho thiy sy so sanh phdé P-M va
pho song Jonswap trung binh cho ba trang thai bién véi chiéu cao song dang

ké Hy= 4 m va cac chu ky dinh phd Tp 1an luot 13 6, 8 va 10 s, tuong tng.
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. — — — Jonswap
N Tp =10s . .
£ 0 Pierson - Moskowitz
\ Tp=8s
4.0 1 : =
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0.0 0.5

Hinh 3.1. So sanh hai pho séng

Nhan xét: Hai phd song Jonswap va Pierson — Moskowitz co tong ning
luong bang nhau nhung phd Jonswap c6 dinh nhon, cao hon va léch chit it

sang phia tan so cao.

Thir hai, vé hudng lan truyén song: Quy tic binh phuwong cosin thuong
duogc sir dung dé xac dinh hudng lan truyén ning lwong song. Khi sir dung

cdng thic nay, ning luong séng mot chiéu theo mot huéng séng u duoc chia
ty 1€ nhu sau: S(w,u) = {%cosz(,u — ﬁ)}.S(w) Vi —g <(pu—p< +§
Trong do: u - huéng song dang xét;
S(w, 1) - pho song (hudng séng dang xét).

So sanh mot hudng séng do dugc véi sy lan truyén huéng nay véi 2 phd

song Jonswap (3.2a) va P-M (3.2b) dugc dua ra trong hinh 3.2.

80°

80°

Hinh 3.2. Pho séng cung v6i hwéng lan truyén
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Theo 1y thuyét nay phé doc theo mdi huéng déu giéng nhau, chi cudng
do cua no thay ddi theo cac huong. Tai bién, su phan bd nay phu thudc vao
tinh hinh thoi tiét dia phuong tai thoi diém dé. Do vay dang phd thich hop
phu thudc vao tinh hinh thoi tiét dja phuong. Do séng sinh ra khi gié thdi qua
bé mat cua bién nén chi can séng sinh ra cham hon tdc d6 gié trén ngon song
thi s& c6 ning luong truyén tir gid vao ngon soéng. Ca sy khac biét vé ap suat
khi quyén gitra gi6 bén trén va phia khuét gié ciia dau ngon song, 1an sy ma
sat trén bé mat nudc giy ra bdi gio, khién nudc va dap vao lam tang ung suat
cat gdy ra su dang 1én ctia mit song. Chiéu cao song duoc xac dinh boi toc do
gi6, thoi gian gid thoi. Tée dd gié dd cho co gidi han thuc té phu hop voi thoi
gian hoac khoang cach s& khong tao ra song 16n hon. Con ngugc lai s€ tao ra

song bién dugc cho l1a "hoan toan phat trién".

Nhu vay, theo phan tich ¢ trén: Phd Jonswap ap dung khi ma su phat
trién ctia nhimg con song bi gidi han bdi kich thude cta khu vyc song sinh ra.
Pho J onswap dugc phat trién tir viéc xem xét cac vung bién bij han ché, song
dang phat trién, khdng c6 song limg, bao gom céc trudng hop bio ¢ khu vuc
bién m& khi ma cac bdo cuc han hiém khi phat trién diy du va song ling
thuong 1a dang mot phan nho trong tong nang luong song. CoON phd P-M duogc
ap dung d6i véi mot trang thai bién da phét trién day du, tic 13 khi su phét

trién ctia song khong bi gidi han boi kich thude cua khu vue séng sinh ra.

Theo [5], ving bién Viét Nam c6 dic diém cua ving bién mo va ¢ song
phat trién hoan toan. Vi vay pho P-M la dang thich hop dé xir 1y thong keé
thong sd song & vung bién Viét Nam. Diéu nay phu hop véi dic trung ving
bién ctia Viét Nam, theo [41] tinh toan theo 1y thuyét song Airy, bién Viét
Nam duoc tinh theo bon trang thai bién (bang 3.5. phu luc) v6i bo tham sb
song Hs = 8,48 m tuwong ung véi cac gia tri Tpla 10,372 s; 12,965 s; 15,558 s;
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18,942 s, thong sb dinh phd twong ung 1 5,228; 1,878; 1 va 1. Két qua nay
cho thdy ph6 P-M phu hop duge sir dung & ving bién Viét Nam.

Tuy nhién trong cac tinh toan song & ving bién Viét Nam do cic Cong
ty nudc ngoai va trong nude thyc hién thudng st dung phd soéng Jonswap
trong cac phan mém thuong mai ctia nudc ngoai. Boéi vi phd P-M chinh 1a

mot truong hop dic biét cua phd Jonswap.

3.4. Thuit toan thiét 14p mit séng ngiu nhién va tinh toin cac thong sb

dong hoc ciia séng ¢ viung bién Viét Nam

Pé tinh toan tai trong song ngau nhién tac dung 1én két cau day neo co
thé mé ta mat song ngﬁu nhién theo mot phé, xac dinh cac thong s6 dong hoc
ctia song, tir d6 xac dinh tai trong 1én két cdu. Str dung phd s6ng dé mé ta tng
XU clia song bién tai ving bién mé Rang Pong cua bién phia nam Viét Nam
duogc thuc hién nhu sau: T mot gia tri chu ky trung binh ctia mét trang thai
bién, phd duoc xac dinh trong mét dai tan sd séng (twong tng voi 1 dai chu
ky song) tir ws dén wy theo cong thirc (2.62). Str dung cong thirc (2.72) mat
s6ng s& dugc mo ta tng voi 1 dai tan sd (hodc chu ky) cua phd. Cac goc pha
ngau nhién a; duoc gia thiét phan bb déu trong khoang tir 0= 27, nghia 1a sao
cho sy xuat hién gia trj bat ky cua né 1a dong xac suat, a; dugce xac dinh bang
mot ham ngau nhién trong Mathcad. Ttr d6 xac dinh cac thong s6 dong hoc

ctia song ngau nhién theo cong thirc (2.73) dén (2.76).

Nhu vay dua trén co so 1y thuyét da trinh bay & chuong 2, tac gia sé xay
dung thuat toan thiét 1ap mit song ngu nhién theo 2 dang pho thong dung 1a
phd P-M (dang phé duoc khuyén sir dung d6i voi ving bién Viét Nam) va
pho Jonswap (Cong ty VIMARTEC sir dung trong phan mém OCARFLEX).
Tir d6 tinh toan duoc cac thong sb dong hoc cla song & ving bién mé Rang

Pong phia nam Viét Nam thé hién theo so dd thuat toan sau (hinh 3.3):
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:
/ Nhdp 56 liéu d,N, T, Hs /
!

Tinh T,
v

Tinh Tp
v

Tinh wp
v

Tinh w.
v
Tinh w¢
v
Tinh Aw

=i+l

/ 15 Vy; Uy, 8y, & /

S

Hinh 3.3. So' 6 khdi thuit toan thiét 1ap mit song ngiu nhién theo phd song

80



1.

Thuat toan thuc hién qua cac budc:

Tt bang tan suat phan bo song ta cé gia tri chiéu cao song dang ké va

chu ki song trung binh, s0 con séng N, chiéu sau nudc d;

2.
3.

4.

5.

Xac dinh T, theo cong thirc (2.61);
Xéc dinh chu ky dinh phé Tp theo cong thire (2.60);

’ . A A 9 A A ’ 2
X4ac dinh tan s6 dinh pho theo cong thiic: wp = T—”;
P

Pho song duoc lay trong khoang tir ws dén wy tinh theo cong thirc (2.62)

d6i v6i pho phd P-M va (2.71) d6i véi phod Jonswap;

6. Tinh Aw theo cong thic (2.64);

7. Bat dau vong lap: Vi con song thir i, i = 1;

8. Gieo sd ngiu nhién a; bang ham runif trong Mathcad;

9. Véi mdi mdt w; ta tinh duge chu ki con séng thiri: T; = 1—7:;

10. Xac dinh chiéu dai song cua con séng thir i theo cong thirc (2.49);

11. Xac dinh s6 song k; theo cong thirc (2.43);

12. Xac dinh ph6 P-M cong thic (2.59) va pho Jonswap cong thirc (2.65);
13. Xac dinh bién d¢ song theo cong thurc (2.63);

14. Xac dinh mit song ngiu nhién theo cong thirc (2.72);

15. Xac dinh cac théng sb dong hoc cua song, theo cac cong thiec tir (2.73)
dén (2.76);

16. Thyc hién cho dén khi i=N, két thuc vong lap, xuat két qua do thi thé

hién mat song ngau nhién va thong s6 dong hoc ctia song ngau nhién tai vung

bién mo Rang Dong;

17. Két thuc chuong trinh.
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3.5. Thuat toan tinh day neo don khi chiu tdi trong ban than

Ap dung phéan co s 1y thuyét day neo don khi chiu tai trong ban than dé
xac dinh duge toa do cua cac diém trén day neo. Vdi thong s6 da biét cua lyc
tac dung vao cong trinh ndi theo phuong ngang, L - chiéu dai day neo, ta xét
cac truong hop: day neo cing va diy neo chung. Pé nhan duoc khi nao day
neo cang hay day neo chung, can tinh chiéu dai diy neo giéi han.

Xet truong hop day neo vura du, khong c6 doan nao nam trén dat, khi do
goc tiép dat vira bang 0. Xac dinh chiéu dai day neo gi6i han Ly.

Néu L > Ly, ¢6 1 doan day neo nam trén dat, khi d6 6, = 0.

Tir chiéu dai day cho trude L xac dinh duoc chiéu dai doan day nam trén

dat Lo.
Xac dinh toa do x(1), z (1).
Xéc dinh cac gia tri luc cing tai vi tri dau day va vi tri chan day neo.
Néu L < L, khido goc 6y > 0 la truong hop day neo cang, z=d.
Khi d6 toa d0 x va z theo (2.7) tr¢ thanh:

x(L) = c.arcsinh E + tan(@o)] — c.arcsin[tan(6,)].

3.1)

z(x;) = d = c.cosh [x?g + arcsin(tan(@o))] - c. cosh[arcsin(tan(@o))] .
Giai h¢ (3.1) xac dinh 6. Tur gia tri 6, xac dinh dugc luc cang tai vi tri
dau diy neo va cac thanh phan luc theo phuong ngang va dung tai chan neo.

Xac dinh dugc goc 6 theo cong thie (2.13) tir d6 xac dinh dugc thanh

phan lyc theo phuong dimg tai diém dau day neo.
Véi cach 1am nhu trén ta xay dung so dd thuat toan tinh day neo khi chiu

tai trong ban than nhu sau (hinh 3.4):
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/ Nhap s6 liéu T,,g,0,d.D,L.p /

v
| Tinh A |
v
| Tinh q |
v
Tinhc
¥
| Tinh x, |
v
Tinh L,
+ S
L=,
v
b | x=x(L);z(xy) =d
Lo=L-L, v
Jv. 6y =rootZ(x,L)
| Tinh T | v
v -
Tinh 6 T'ih T
¥ "
Tinh T, Tinh
\ 2
v -
Tinh T, Tinh T,
-
L Tinh T,
i=1
N
;
i =i+l Al = E

Xi, Z;

|
/ T, ToTo Xi Zi /

>

Hinh 3.4. So' @6 khdi thuit toan tinh toan dwong diy neo don
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Thuat toan thyc hi¢n qua cac budc:
1. Nhap sb liéu ban dau: Ty, g,p, L D,d, s6 doan day neo p;
D2

Tinh tiét dién day neo A = —

Xac dinh trong luong doan day neo g;

2

3

4. Tinh gia tri ¢ theo cong thic (2.6);

5. Xét day neo ¢ vi tri t6i han, khi 8, = 0, xac dinh toa do x, theo (2.15);
6

Tu x, xac dinh L, theo cong thirc (2.16);
7. Sosanh L va Lg, néu L> L, la truong hop diy neo chung, ta thuc hién
budc 8, néu nguoc lai 13 truong hop diy neo bi cing thi thuc hién bude 13;
8. Xac dinh dugc doan day neo nam trén mat dat Lo=L—-1L,;
9. Xac dinh lyc cang dau day neo theo cong thuc (2.11) véi tan(6,) = 0;
10. Xac dinh géc 6 theo (2.13);
11. Xéc dinh gia tri lyc theo phuong ding & dau day neo T, theo (2.14);
12. Xéc dinh duogc luc cang tai chan day neo theo (2.12);

13. Khigéc 6, # 0, z = d, xac dinh goc 6, bang ham root trong Mathcad véi
x = x(L); z(x4) = d theo cong thirc (3.1);

14. Xac dinh lyc cang dau day neo theo cong thire (2.11);

15. Xac dinh gdéc 6 theo (2.13);

16. Xac dinh gia tri lyc theo phuong dimg & dau day neo T, theo (2.14);
17. Xéc dinh duoc lyc cang tai chan day neo theo (2.12);

18. Bt dau vong lap véi p doan day neo, i=1 dén p, xac dinh toa do x,z theo

(2.7) va (2.8):

19. Khi i = p, két thic vong lap. Xuit cac gia tri T, T, To X, Zi;
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20. Két thiic chuong trinh.
3.6. Thuat toan tinh hé day neo theo mo hinh khong gian

3.6.1. Thuit toan quy tai trong vé nit ciia phén tir day neo

3.6.1.1. Tdi trong song

Tir ¢ong thuc (2.49) nhan thiy néu d < 1/2 thi cac thdng sé song phu
thugc vao chidu sau nudc d, con khi d > /2 thi tanh (?) - 1 do d6 chc
thong s6 song khong con phu thudc do sau nude. Nhu vy cic phan tir day
neo nam trong khoang tir mat nudc dén d6 sau A/2 sé chiu tac dong cua tai
trong song. Con cac phan tir day neo & vj tri d6 sdu nude 16n hon A/2 it chiu
anh huong bai tac dong ctuia sdng trong luc hay ndi cach khac la tac dong cua
song trong luc ddi v6i cac phan tir & d6 sau nay 1a nho.

Xét nhirng phan tir day neo trong khoang do sau A/2, tir cong thirc (2.27)
va (2.28) ta co:

Tai trong song phan bd vudng goc véi truc phan tir:

1
nx = CupAayy + - CopDlvyy|vny

1
Iny = CupAay, + ECDpD|v,‘{‘3,|vT‘{"y. (3.2)

1
any = CypAay, + ECDPDW%VzWr‘f}z
Tai trong song phan bd doc truc phan tir:

1
thx = ECDtPDWchgc

1
Ay = ECDtpD|v¥§,|vg,. (3.3)

1

\9Y =2 CoupDIvtIvY,

Trong do:

Cac hé s6 Cy, Cp va Cp xac dinh theo muc 2.2.2.1 va 2.2.2.2.
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Cac v, v, a¥ tuong tng 12 van toc phan tir nudc do séng theo phuong
doc tryc phan tir, van tdc va gia toc phan tir nudc theo phwong vudng goc véi

truc phan tir diy neo, xac dinh theo cong thirc (2.24) dén (2.26)

Theo cong thirc (2.96), tai trong song duoc quy vé cac nit ctia phan tir

chiu song la:

[Py, + (PZx — o)
(F1Y P1y + (PZy P3y-:P6y)
F, P3,+Ps,
F3 Py + (PZZ - l } )
) L = . (3.4)

Trong do: Py; PB,; P, dugc tinh theo cdng thirc (2.95) véi cac thanh phan
Qn Va q; do song gay ra dugc tinh theo (3.2) va (3.3).
3.6.1.2. Tdi trong dong chady
Nhitng phan tir day neo duéi mit nude déu chiu tac dung cia tai trong
dong chay. Dong chay duoc coi 1a chuyén dong déu nén gia toc bang khong,
vi vay:
Tai trong dong chay phan bb vudng goc véi truc phan tir:
45x = 5 CopD vy |vsy
45y =5 CopD|vsy |vs, . (3.5)
a5, = 3 CopDIvE,IvE,

Tai trong dong chay phan bd doc truc phan tir:
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1
thCx =3 CDtpD Ve | vix
J qty CDtlevtylvty- (3.6)
qtz =3 CDtpD lvezlve,
Cac hé s6 Cp va Cp; x4c dinh theo muyc 2.2.2.2.
Cac vf, v$ tuong tng 12 van tdc phan tir nude do dong chay theo phuong
doc truc va vudng goc véi phan tir day neo dugc xac dinh theo cong thirc
(2.24) va (2.25).

Tt cong thic (2.96), tai trong dong chay dugce quy vé cac nit ciia phan

tur day neo la:
Plx + (sz _ P3x+P6x T
P +P
(Fp Py, + (sz 24 6y)
F P Z+P 2
<F‘3> PlZ+(PZZ : 6) (37)
F, N P3x+P6x '
FS P4x+(P5x , +P )
FoJ o [Py + (Psy +2572)
P3,+Pg,
| Prz + (P2 + %)-

Trong do cac Py; Py; P, dugc tinh theo cong thire (2.95) véi cac thanh
phan @, va g;do dong chay gay ra xac dinh theo (3.5) va (3.6).

3.6.1.3. Tdi trong ban thin

Tai trong ban than cta phan tir diy neo chi c6 mot thanh phan theo

phuong thiang dung, dugc xac dinh nhu sau:

0
{q}={ 0 }{C}- (3.8)
—pA

p - khéi luong riéng cua vat liéu day neo, kg/m*;
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A - tiét dién cta phan tir dy neo, m?;
{c} - véc to cosin chi phuong.

Tur cong thirc (2.96), ta co:

- P3x+Peyx
Plx (PZx ? 1 °
P3y+P
(Fry | Puy + (Pay —2272)
F; P3,+Pg,
F3 PlZ (PZZ : l } ) 3.9
) F, = P (P P3x+P6x) ' (3.9)
F 4x
4 PoytP
Fo) o |Pay + (Psy +2572)
P3,+Pg;
_P4z (P52+ 316)_
Theo phwong phap PTHH, trong d6 tai trong ban than quy vé nut:
G
2
nl
(P -
P2 anZ
LG BT (3.10)
p( =Y a [ :
Py 2
qnl
kP6J q T
—qnl?
12 7

Cac tai trong g, Va g, duoc xac dinh theo cac cosin chi phuong nhu sau:

0

0 }{Cx Cy Cz}.

{a:} ={
—pA

Qtx = (_pACZj)ij
= (—pAc,j)cy;. (3.11)
tz = (_pACZj)CZj

—

Theo quy tic trir véc to: g, = G — q;.



Qnx = 0 = (—pAcy;)cy)
Gny =0 — (=pAcz;)cy;. (3.12)
Gnz = —Ap(=pAcy;)cs;

3.6.1.4. Véc to tii trong nit ciia phén tir day neo

M&i phan tir ddy neo chiu tai trong ban than, tai trong séng, tai trong
dong chay, sau khi cac tai trong nday dugc quy vé cac niit. Véc to tai trong tai
cac nht cua phan tir ddy neo sé& 1a tong cua tai trong ban than, tai trong song,

tai trong dong chay tai cac nut.

(F1) (F1) (F1) (F1)

F; F; F; F;

Fs\ _ JF; F3 F3

<F4>—<F4> +<F4>+<F4>. (3.13)
Fs Fs Fs Fs

\F¢/ \Fg/ ,  \Fg/ c \Fyg/ q

3.6.1.5. Tdi trong do CTBN tdc dung lén hé ddy neo

Pé xét anh hudng cua tai trong do CTBN tac dung 1én hé day neo. Gia
tri tai trong do CTBN tac dung 1én day neo s€ dugc cong vao vi tri nit ma tai

d6 day neo lién két véi CTBN.

3.6.2. Thuit toan xac dinh ma trin d9 cirng, ma tran khoi lwong, véc to

tai trong niit, ma tran can nhét cia két ciu
Xét mot két cau khong gian sau (hinh 3.5).

Hé 3 phan tt gian khong gian, c6 4 nit, va 12 chuyén vi.
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4 2
NGt 1
y 3
10
y 4 7 11
Y > 8
) 6 Nat4 12
0 X Nut2 Nit3 9

Hinh 3.5. So dd chi s6 nit va phan tir

3.6.2.1. Xdc dinh ma trgn dp cieng, ma trin khéi lwong, véc to tdi trong nit
ciia hé gian khéng gian cé lién két khép

Cac budc thuc hién nhu sau:
1. Xac dinh toa do nut

- Thiét 1ap hé toa do tong thé XYZ;

- Panh sd cac nat;

- Toa do nut trong hé toa do té)ng thé.
2. Xdc dinh lién két cdc phan tr véi it

- Panh sb ph?m tu;

- Lap bang lién két phan ti.
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3. Lap lien két chi sé chuyén Vi cuc bo cua phcin tw va cua hé
- Mbi nat ¢6 3 chuyén Vi,
- Lap bang lién két phan tir.

4. Xac dinh ma tran chuyén hé truc toa do

Chiéu dai phén tir dugc xac dinh theo cong thirc:

L= X = XD + (Y = Y2 + (2. — Zo)?, (3.14)
Trong do:
d - chi sb nat dau;
C - chi sb nut cubi.

Dua vao 3 véc to cua hé toa do cuc bg, ta c6 ma tran chuyén h¢ truc toa

do nhu sau:

Ma trin chuyén hé toa d6 [T,] c6 dang:

[T.] = [[Tg]’ [T(:],], (3.15)

L L, 1
[Te]’ =My My, Mg|,
Ny Ny, N
l, = cos(xp,X); m, = cos(xp,Y);n, = cos(xp, Z).
L, = cos(yp, X); my, = cos(yp,Y);ny, = cos(yp, Z).
[, = cos(zp,X); m, = cos(zp,Y);n, = cos(zp, Z).

Tuong Gng véi vi tri 3 phan tir ta ¢6: [T,]4:[T,15:[T.]5.

Tt d6 ta co:
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70 =1o “ir.y
_ [Tz 0
[Te]Z - 0 fTe]IZ
_[IT.ls 0
Tels =1o " ir.14

5. Xdc dinh ma trgn do cung vat liéu cua cac phc?n tir trong hé toa do cuc bo

Ma tran d¢ cting vat liéu xac dinh theo cong thure (2.83) cua phuong
phap PTHH:

1 23 45 6
1 0 0—-1 0 07 1
0 00 0O0 O] 2
Phan tir tht nhat: [ke]1=— 0 00 00 0| 3
“I-10 0 10 o] 4
0 00 00 0] 5
Lo 00 00 ol 6
7 89 45 6
1 0 0-10 07 7
0 00 0O O| 8
Phan tir thtt hai: [ke]zz’j—“ 0 00 00 0| 9
l-10 0 1 0 0| 4
0 00 00 0| 5
Lo 00 00 ol 6
101112 4 5 6
1T 0 0—-1 0 O 10
0 00 00 0o 11
Phan tir thir ba: ~ [ke]s ==—[0 0 0 0 0 0 12
*[-10 0 1 0 0] 4
0 00 00 0| 5
o 00 0 0 0ol 6

6. Xac dinh ma tran do cung hinh hoc

Xét can bang md men tai hai dau phan tir day neo c6 chuyén vi (hinh

3.6) ta co:
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| Vi tri chuyén vi

T \f";
u; 1. >
u

L iy

AT

Hinh 3.6. So' d6 x4c dinh ma tran d cing hinh hoc phin tir diy neo

Lay mo6 men tai dauita co: —Tx; + IN; + Tx;4; = O,

Tx; — Tx;
Nl — i l+1.
1
Lay mo men tai dau j ta ¢6: —Tx; — IN;4 ;1 + Tx;41 = 0,

—TXi+TXi+1

Niy1 = ]

Két hop ca hai phuong trinh ta co:

{NIZ;} - %[il _} {;:1}

Xac dinh ma tran d6 ctmg hinh hoc theo cong thirc (2.84)

1 2 3 4 5 6
0 00 0 0 07 4
010 0-1 0| 2
Phén tr thir nhét: kg, =7{0 0 0 0 0-1| 3
'flo oo 10 0| 4
0-1 0 01 0] 5
Lo 0 0-1 0 11 6
7 8 9 45 6
0 00 0 0 071 7
010 0-1 0| 8
Phan tr thir hai: kg, =70 0 0 0 0-1] 9
lo 0o 10 0f 4
0-1 0 01 0] 5
lo 0 0—-1 0 1! 6
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101112 4 5 6
0 0 0 0 0 071 qp
‘ 010 0-1 0| 11
Phan tir thir ba: [kg],=2[0 0 0 0 0-1] 12
o 00 1 0 0] 4
0-1 0 0 1 0} 5
L0 0 0—-1 0 14 6

7. Xdc dinh ma trgn khoi luwong
Ma tran khéi lugng ctia phan tir gian khong gian xac dinh theo (2.81).

Ma tran khéi luong phan tir thir nhat:

1 234 5 6
2 00 1 007
0200 10| 2
Al
[m]l—% 002 00 1| 3
1 00 200]| 4
0 10 020] 5
o 01 00 21 6
Ma tran khoi luong phan tir thir hai:
7 89 4 5 6
2 00 1 007 5
0200 10| g
Al
ml,=222[0 0 2 0 0 1| o
611 00 20 0] 4
0 10 02 0|5
o 01 00 21 6
Ma tran khoi lugng phén tr thir ba:
10 11 12 4 5 6
2 00 1 0 07 14
0200 10| 11
Al
ml,=22210 02 0 0 1| 12
611 00 20 0| 4
0 10 020| 5
o 0 1 00 2 6

8. Xdc dinh véc to tdi trong nlt cia phan tiz trong hé toa dé cuc bg
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MJi phan tir c6 6 chuyén vi, do vay vec to tai trong ndt caa mot phan tu

c6 6 thanh phan.

1
* 2
P , A * 3
Phan tir thi nhat: Fh=9, 4
* 5
\+/] 6
7
* 8
A o 1. . * 9
Phan tir th(r hai: {f}, =« «f 4
* 5
\x/ 6
™\ 10
* 11
Phan tir thir ba: {f}s =1 : ( 142
* 5
-y, 6

9. Chuyén cac ma tran cua phd‘n tir tir hé toa do cuc bo vé hé toa do tcfng thé

9.1. Chuyén ma tran do cung vdt liéu
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9.3. Chuyén ma trdn khéi lirong

10. Chuyén véc to Iyc nt ciia phan tir vé hé toa dé téng thé

{F} =T ] {f h-

{F}, = [T.].{f}.

{F}; = [T.]s{f}s
11. Ghép noi cac ma trdn dé tim ma trdn va véc to Iuc nit cua két cau
11.1. Xéc dinh ma trdn dg cieng vt liéu cia két cau

Do hé c¢6 12 chuyén vi nén ma tran do ctiing cta hé co kich thudc 12x12
tuong Gng Véi cac chuyén vi
[Ee](1zx12)-

11.2. Xéc dinh ma trdn dg cieng hinh hoc cua két cau

[Eg] (12x12)°

11.3. Xéc dinh ma trdn khoi lwong cua két cdu

[M](12x12)-
11.4. Xdc dinh ma trdn dé cimg cua két cdu

[K] = [K.] + [K,].

11.5. Xdc dinh véc to luc nit cua két cau
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(17

f2 |l
f3] 2
41 4
f5 s
{(F}= ;§>§ (3.16)

f8 g
9

il
11 1,
\f12)

3.6.2.2. Xac dinh ma trdn cdn nhét cia két cdu

Ma tran can nhét duge xac dinh 1a to hop tuyén tinh cia ma tran khoi

luong va ma tran do cung.

- Xir 1y diéu kién bién ta duoc [M] va [K]

- Phan tich Cholesky ma tran khéi luong

[U] - ma tran tam giac dudi;
[U]- ma tran tam gidc trén.
-Tinh duoc: [K,] = [U]YK]([U]")~1.

- Goi {X,}; 1a véc to riéng ctia ma tran [K,]. Xac dinh gia tri riéng cua

[K,,] bang cach phan tich [K,1{X,}; = x:[X.]; dé xac dinh gia tri riéng ;.

T x; = p? tatinh dugc céc tan s dao dong p; = /x;.

Ap dung cong thire [C] = ¢;[K] + ¢,[M], gia tri ¢; Va ¢, dugc xac dinh

v6i hai tan sb p; va p, (1dy céc tan sb thap nhat)
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__ 2&p1p2

Cl B p1+p2 (3 17)
2¢ ’ )

P1t+D2

Ccr, =
&-hé s6 can cua vat liéu.
3.7. Thuat gidi phwong trinh vi phian dao dong h¢ day neo

Ta biét rang 1y thuyét dan hoi phi tuyén dya trén gia thiét cac bién dang
16n. Véi cac day neo khi dao dong co chuyén vi 16n, vi vay khi 4p dung
phuong phap PTHH dé thiét 1ap hé phuong trinh vi phan dao dong ctia hé day
neo s& dan dén mot hé phuong trinh ma trong d6 cac hé sé thé hién tinh chat
phi tuyén cua két cau day neo. Ap dung co s¢ phuong phap Newmark d3 trinh
bay & chuong 2, thuat giai phuong trinh vi phan dao dong cua két cau day neo

gdém céc budc sau :

- Xac dinh thong sb ban dau: Xéac dinh van toc va gia toc {1}, {ii}, tai
thoi diém ban dau;

- Tinh toan cac hé s ag, ay, 8y, a3, as, as, as, a7 theo cong thire (2.99);

- Xac dinh ma tran d6 ctrng hitu ich theo cong thirc (2.103);

-Vé6i mdi budc thoi gian At thuc hién tinh gan ding dan tai céc thoi

diém t + At. Chon At dua trén 3 yéu to:
- Mirc d¢ bién doi cua tai trong;

- Do phuc tap cua tinh chat phi tuyén;

- Chu ky dao dong cua hé.

At can luu ¥ sao cho thoa man diéu kién: At < At,,.,

T
Ate, ==

T .
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T,,- chu ky riéng nho nhat ang véi tan sé dao dong riéng 16n nhat cua két

cau.
- Xac dinh {Au};,a; theo cong thire (2.106);

- Tir d6 hi¢u chinh so gia chuyén vi, gia toc, van toc theo cong thuc

(2.107) va (2.108);

- Thay vao phuong trinh dao dong (2.80) xac dinh luc cang;

- Kiém tra diéu kién can bang nat:

{F}HM — [MI{ii}tsne — [CHU tine — [KH{t}rine < €,

Trong d6 ¢ la gid tri diéu kién cin bang nat cho trudc.
3.8. Thuit toan tinh toan tinh lwc hoc hé day neo theo md hinh khong
gian

Tir md hinh thuat toan muc 2.1, phén tich co s& 1y thuyét muc 2.2 va

cach thuc hién trong cac muc 3.6, két hop véi thuat toan tinh toan day neo

don muc 3.5, ta xay dung thuat toan theo cach sau:

-Dya vao thuat toan tinh toan day neo don dé xac dinh toa d6 nut cua

phan tir day neo luc ban dau;

- Gia dinh lyc cang ban dau dé thuc hién thuit toan tinh lap [4] giai
phuong trinh can b::ing cua két cau: [K]. {u} = {F};

-Kiém tra di€u kién can bang nut, néu dat ta dugc két qua luc cang va

chuyén vi.

Sau day 1a so d6 thuat toan tinh toan tinh lyc hoc hé day neo mé hinh
khong gian (hinh 3.7):
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/

Nhap s6 liéu g,p,Hs, T, d, 5, VM, Vd, Fr
S6 lidu két cAu, gia tri T4, giatri e

/

Hinh 3.7. So' @6 khdi thuit toan tinh tinh lrc hoc hé diy neo

v

TDg

T::Td

-

v

Lo

L 4

KeO(TD)

v
Feo(TD)

\ 4

Ko.Fo

¥
Delta_F (TD):=F,

v

Up:=0

| 1

Dit DK bién

v

Xéc dinh Delta_u(T,TD)

v

u:=u+Delta u

¥

D

<
L.(TD)

v

T(TD)

v

T(TD)

N(TD)

v

F(TD)

v

K¢(TD)

Delta_F=F(TD)-N(TD)

b

Te,U

KT
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Thuat toan thuc hién qua cac budc:

Nhéap sb lieu:

S6 lidu méi treong: g, He, T, d,Va, Ve, p, B:

S liéu tai trong t6 hop: Fr;

Sd phén ttr, chi sb nit;

bac trung phﬁn tir day neo gém dac trung hinh hoc va dac trung vat li¢u;
Gia trj diéu kién can bang n(t «.

Xéc dinh véc to toa do nht phan tir TDg, TD:

- Toa d0 cac nut phén t: Muc 3.6.2.1 Buoce 1,2,3;

Gia dinh lyc cang ban dau: To=T,, T:

- Gia dinh luyc cing ban dau khi ddy neo chiu tai trong ban than, Ty
Xac dinh véc to chiéu dai phﬁn ttr ban dau phu thudc toa do nut: Ly L

Xéc dinh ma tran d6 ctmg phan tir (Ke): gom ma tran d cimg dan hoi va

ma tran d§ cung hinh hoc theo toa dd nit va luc cang:

- Muc 3.6.2.1. budc 5,6;
Xac dinh véc to tai trong nit Feo(TD):

-Muc 3.6.2.1. budc §;

Chuyén véc to tai trong niit Feo (TD) va ma tran do ctng Keo(TD) phan tir

sang hé toa do téng thé:

- Xac dinh ma tran chuyén hé truc toa do ph?m tir theo toa do nut tai

budc ban dau Teo, Te: Muc 3.6.2.1, budc 4, cong thirc (3.15);

- Chuyén Feva Keo: Muc 3.6.2.1, budc 9,10,11;

Gan Delta_F (TD):=Fy;
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9. Cho gi4 tri chuyén vi ban dau 1a 0;
10. Xuly diéu kién bién, x0a cac dong va cOt & ma tran tai cac chuyén vi bi
chan;
11. Xéc dinh chuyén vi Delta_u(T,TD):

- Giai phuong trinh can bang tim gia tri chuyén vi;
12. Chuyén vi méi dugce cong don:

u:=u+Delta u;

13. Xac dinh toa do moi cua nut phﬁn ta TD:

-Véi chuyén vi mdi xac dinh toa d0 moi cua phﬁn tu;
14. Xéc dinh chiéu dai phan tir theo toa d6 moi Lo(TD):

- Theo cong thuce (3.14);
15. Xac dinh ma tran chuyén hé truc toa do T(TD):

- Xac dinh ma tran chuyén hé truc toa do theo toa do0 médi1 TD,;
16. Xac dinh lyc cang T(L TD):

-Tu chuyén vi mdi, xac dinh lyc cang (cho phé‘ln tur) theo toa do maéi TD;
17. Xac dinh véc to ndi luc tai cac nat trong hé toa do tong thé N(TD) cua
ca hé:

- Xac dinh noi lyc tai cac nut trong hé toa do téng thé cta ca hé;
18. Xac dinh F(TD):

- V&i vi tri chuyén vi méi, xac dinh tai trong song, dong chay, ban than

dugc quy vé nut, tir d6 xac dinh véc to tai trong nut theo hé toa d6 moi;

19.

Tinh sai s6 Delta_ F=F(TD)-N(TD);
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20. Kiém tra diéu kién can bang nut:

-Delta_F < e néu sai sb 16n hon gia tri cho phép thi thuc hién budc 21.

Néu sai s6 nho hon gia tri cho phép thi thuc hi¢n budc 24;
21. Xac dinh ma tran do cung phr:in tir Ke(TD):

- GOm ma tran d¢ cung dan hoi va ma tran d¢ cting hinh hoc theo toa do

nut va lyc cing méi (chiéu dai phan tir thay doi);

22.  Chuyén ma tran do cimg K¢(TD) phan tir sang hé toa do tong thé;
23. Lap lai budc 10;

24. Néu dat sai s6 (Delta_F) cho phép thi thuc hién dong tiép;

25. Xuat két qua ndi luc, chuyén Vi;

26. Két thuc chuong trinh.

3.9. Thuit toan tinh toan dong lwc hoc hé diy neo theo md hinh khong
gian

Tir phén tich co so 1y thuyét, md hinh bai toan, cach xay dung thuat
toan tinh hé day neo mé hinh khong gian (muc 3.6), két hop st dung thuét
toan thiét 1ap mat song ngiu nhién va tinh toan thong sé dong hoc cua song
(muc 3.4) dé xac dinh tai trong ngau nhién 1én két ciu diy neo. Str dung thuét
toan tinh toan day neo don khi chiu tai trong ban than (muc 3.5) dé xac dinh
toa do nut tai thoi diém ban dau. Gia tri lyc cang gia dinh ban dau duoc lay 1a
gia trj luc cing trong bai toan tinh hé day neo khong gian (muc 3.8) dé bai
toan nhanh duoc hoi tu két qua. Sir dung thuat giai phuong trinh dao dong
(muyc 3.7) giai phuong trinh dao dong cua két cau hé diy neo theo mién thoi
gian, sau day la so dd thuat toan tinh toan dong luc hoc hé day neo khong
gian (hinh 3.8):
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Nh@p sb liéu moi truong, S6 litu két cAu
Théng so thoi gian n, At, Tai trong F,Ty, €, a, &

!

Xac dinhTDy

.

v

lo
#eo
v
Xac dinh [M](TD,)
v
T:=T0
v
| Xac dinh [K](TDy) |

v

| Xac dinh [C](TDy) |

Xac dinh [F]o
Ap dit diéu kién bién
v
{ulo:=0;{u}e:=0

Tinh {ii},

.

dg,dy,82,03,d4,d586 a7

!

i=1

”
t=iAt

l
\4
{u}t+A.t: =0

v

Tinh {F}tiac
v

Tinh {u}erae, (i evae (Whesnc
v

delta_{ﬁ}:{F}t+At = [MI{it}epar — [CHU esne — [KIH{Udesne

v
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> [

{delta_u}iiar = [I?]_ldelta_{ﬁ}

v

{ulerae = (Wlerae + {delta_upsn,
v

{Werae = (@esac + ar{delta_ u}iyn,

{ierne = {i}esae + aoldelta_ulpipe

| T |
v
I(TD)
v
T(TD,l)
v
T,(TD)

¥
F10:(TD)

¥
[M](TD), [KI(TD)

v
Pit diéu kién bién
v
[CI(TD)
v
Tinh {ﬁ}HM

v
Tinh lai delta_{ﬁ}

v

S

v P

{u}t = {u}t+At; {ﬂ}t = {u}t+At; {u}t = {ﬁ}t+At,,

(TD)

R

b

i<n

S

/ Tevney Uesae, /

Hinh 3.8. So' 46 khoi thuit toan tinh déng Iwc hoc hé diy neo
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Thuat toan thuc hién qua cac budc:
Xac dinh thong s6 ban diu

1.  S6 liéu moi trudng, sé phan tr day neo, chi sé nat, dic trung phan tu,

thong s6 vé thoi gian, tai trong té hop, gi tri &, tham sb «a, 8.
2. Xac dinh véc to toa do nat phan ti TD,, TD=TDy:

- Ttr dic trung phan tir, so d6 két cau xac dinh véc to toa do nat phan tu,
thuc hién thuat toan tinh khi hé day neo & vj tri can bang ta xac dinh duoc toa
d6 ban dau TD, Cach Iam theo muc 3.6.2.1, budc 1,2,3.

3. Xac dinh véc to chiéu dai phan ta ban dau phu thudc toa do nat: lo, 1= I
theo cbng thuc (3.14);
4.  Xac dinh ma tran chuyén hé truc toa do Te theo cong thuc (3.15):
- Muc 3.6.2.1. buéc 4
5. Xac dinh ma tran khéi lugng [M] :

-Muc 3.6.2.1 budc 7, sau d6 chuyén sang hé toa do tong thé budc 9,

ghép ndi ma tran ¢ budce 11;
6. Giadinh luc cing ban dau, To:

-To duoc lay 1a két qua gié tri luc cing trong thuét toan tinh dé bai toan

nhanh dugc hoi tu;
7. Xac dinh ma tran do cang [K]

- Muc 3.6.2.1. budc 5,6, sau d6 chuyén sang hé toa do téng thé budéc 9,

ghép ndi ma tran ¢ budc 11;
8. Xac dinh ma tran can nhot [C]:

- Theo muyc 3.6.2.2;
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9. Xac dinh véc to tai trong nut {F},:

- Muc 3.6.2.1. budc 8, sau d6 chuyén sang hé toa do tong thé budc 10,

ghép néi ma tran ¢ budc 11;
10. Xu ly diéu kién bién:
- X6a dong va cot & nhitng chuyén vi bi chan;
11. Vao s liu diéu kién ban dau:{u},, {it}o;
- O budc ban dau {u}, = 0,{i1}, = 0;
12. Tinh {ii}, theo cdng thac cta phuong trinh dao dong;
13. Tinh céc hé s6 a, dén a, theo cong thirc (2.99);
14. Bat dau thuc hién vong lap theo thoi gian, trong thoi gian t (s) chia thanh
n budce thoi gian vai gia sé thoi gian 13 At;
Vong lap theo buéc thai gian At
15. Tinh lan luot trong n budc thoi gian, i=1 dén n;

16. Trong mdi mot budc thoi gian cho gia tri chuyén vi sau {u}e,p, & 13

chuyén vi dau ctia bude trude duoc gan bang 0, tirc 14 gan {u}pp, = 0
17. Xac dinh véc to tai trong nit tai thoi diém t+At

18. Xac dinh {u};,,; theo cong thirc (2.98), {ii};,a; theo cong thic (2.101),
{11};4 ¢ theo cOng thirc (2.100).

19. Gan delta_{ﬁ} = {F}evae — IMI{ii}eene — [CH} sne — [K1{u}esac
Vong lip tim chuyén vi va luc ciing
20. Xac dinh ma tran d6 cing hitu ich:

- Theo c6ng thac (2.103) trong muc 2.2.7.
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21,

22,

23.

24,

25,

26.

Xéc dinh s gia chuyén vi tai thoi diém t + At theo cong thire (2.106);
Hiéu chinh chuyén vi, van toc, gia tde:

- Cong don chuyén vj tir chuyén vi ban dau theo cong thirc (2.107).

- Hiéu chinh sb gia vén toc, gia téc theo cong thire (2.108).

Xac dinh toa do méi caa nat phan tir TD:

- Ttr chuyén vi méi xéac dinh vi tri toa do méi cua phan ti.

Xéc dinh chiéu dai phan ti theo toa d6 méi I(TD):

- Theo cong thuc (3.14).

Xac dinh lyc cang theo toa @6 maéi T(TD,L):

- Ttr chuyén vi méi, hé toa &6 ndt méi tinh luc cang theo toa d6 méi.

Xac dinh ma tran chuyén hé truc toa do To(TD) theo toa d6 méi, cong

thuc (3.15);

217,

28.

29.

30.

31.

32.

Xac dinh véc to tai trong nat {F},, . theo toa d6 mai;

Xac dinh ma tran [K], [M] theo toa 4 méi, [K](TD), [M](TD):

- Muc 3.6.2.1. budéc 5,6,7.

Chuyén céc ma tran [M], [K] vé hé toa do6 tdng thé cua két cau:

- Muc 3.6.2.1. budc 9, ghép ndi ma tran & budc 11.

Ap dat diéu kién bién:

Xéc dinh cac ma tran can nhét [C](TD) theo toa dd méi 1a t6 hop tuyén
tinh cua [M], [K]:

-Muc 3.6.2.1, budc 5,6,9,11 va muc 3.6.2.2.

Tinh {F};, ¢ theo toa 36 mdi;
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33. Xac dinh lai gia s6 luc hitu ich delta_{F} khi da c6 chuyén vi;
34. Kiém tra sai so delta_{ﬁ } < ¢ néu dat yéu cau két thuc vong lip thuc
hién budce 35, néu khong dat quay lai thyc hién budce 20;

Két thic vong liap tim chuyén vi va lwe cing
35. Dé thuc hién vong lap, chuyén vi ban dau tai mot budc thai gian bing 0,
gan {u}; = {uleraes {ide = {Uesnes (0} = W esnes
36. Tang budc thoi gian i = i+1 tic la t = t+At;

37. Néu i< n tiép tuc tang budc thoi gian 1ap lai budc 15 cho dén khi i >n

thi sang budc 38;

Két thic vong lip theo buéc thoi gian At
38. Xuit cac gi4 tri két qua;
39. Két thuc chuong trinh.
KET LUAN CHUONG

Két luan chuong da thuc hién dugc:

- Phan tich dic diém vung bién Viét Nam, dic diém hai dang phd
Pierson — Moskowitz va Jonswap, lwa chon phd Pierson - Moskowitz 13 phd
pht hop dé mé ta cac ing xir ciia song & ving bién Viét Nam;

- Xay dyng thuat toan dé mo ta mit song ngau nhién tai ving bién mo
Rang Pong cua Viét Nam theo hai dang phd Pierson — Moskowitz va
Jonswap, tir d6 xac dinh cac dai luong dong hoc ctia séng ngau nhién: van tdc
va gia tdc ctia phan tir nudc;

- Xay dung thuat toan tinh toan tong quat duong day neo don trong ca

hai truong hop khi day neo cang va day neo chung;
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- Xay dung thuat toan tinh toan tinh luc hoc hé day neo theo mo6 hinh
khong gian, 4p dung phuong phap PTHH dé thiét 1ap phuong trinh can bang

ctia hé, str dung phuong phap 1ip giai hé phuong trinh phi tuyén cua két ciu;

- Duya trén co so& phan tich dong luc hoc hé day neo, xac dinh cac tai
trong tac dung 1én ddy neo gdm: tai trong tir CTBN, tai trong ban than, tai
trong dong chay va séng ngiu nhién tic dung truc tiép 1én phan tir day neo;
giai bai toan dong luc hoc day neo theo mién thoi gian bang phuong phap
Newmark, tdc gia da xay dung dugc thuat toan tinh todn dong luc hoc h¢ day

neo theo mo hinh khong gian.
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CHUONG 4. LAP CHUONG TRINH MAY TiNH VA
KIEM NGHIEM THUAT TOAN TiNH TOAN HE DAY NEO
THEO MO HINH KHONG GIAN

Trén co s¢ thuat toan da trinh bay & trén, tic gid da 1ap chuong trinh

MOORING 2017 trén may tinh dé thuc hién tinh toan thuat toan;

Kiém nghiém d6 tin cdy cua thuat toan bang cach tinh toan cho mot cong

trinh thyuc té FSO Rang d6ng (hinh 4.1 phy luc);

So sanh két qua tinh theo phan mém cia tac gia vdi két qua cia phan

mém OCARFLEX.
4.1.Tong quan cong trinh thyc té - FSO Rang Pong
4.1.1.M6 ta chung

FSO Rang Pong duoc lap dit tai mo Rang Pong tir thang 10 ndm 2008,
tai d0 sau nudc khoang 56m, cach bo bién Ving Tau 135 km. FSO Rang
Péng 13 kho chira ndi dang tau co trong tai 52,000 DWT dugc cb dinh véi day
bién bang mot hé thong thap neo ngoai tai phan miii (hinh 4.2) cho phép FSO

d6n huéng bat ky dugc xac dinh boi gio, song va dong chay.

Dau dugc tach riéng khoi khi tai cac gian ¢d dinh ngoai khoi hodc gian
xtr 1y trung tdm voi ham luong nude 10% thé tich din dén thong qua cac
duong 6ng dan, cac ong gop ngam (PLEM) dudi bién, cac dudng 6ng mém
téd1 FSO. Tai day, dau duoc lam sach so bd trong cac bau loc tho tai duong
vao tach bo céc tap chat ban. Sau khi duge ham néng t6i 65°C trong thiét bi
trao d6i nhiét, n6 di qua cac 6ng phun hudéng dong dén két xur Iy. Dau da qua
xt Iy dugc gitt & nhiét d6 65°C s& duoc chuyén chu yéu qua bom hang va
bom hut can vao cac két dau hang du trit. Dau du trit trong cac két ndy duoc

duy tri & nhiét d6 45°C va s& duoc bom 1én biang bom hang va xuit ra thong
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qua thiét bi do (LACT) tai tram xuat dau dugc dit tai dudi FSO. Kich thudc
FSO thé hién trong bang 4.1.

—_— i V H Thap neo Xich noi véi thap neo
Q ] § : X
RANG BONG FSO
Xich trung gian
Xich trén mat dat
Cap

v
-
f

Neo
Hinh 4.2. So' @6 neo FSO Rang Péong bang hé neo Turret ngoai
Bing 4.1. Pic trung kho ndéi FSO Rang Pong
Tham s Ponvi |Dan Pay
tai

Chiéu dai hai dudng vudng goc m 186
Chiéu rong m 32
Chiéu cao man m 18,39
Luong chiém nudc tan | 29400 | 62700
Mén nudce thiét ké m 61 | 125
Dién tich dudng nudc tai chidu chim thiét ké m’ 4860 | 5380
Dién tich chin gi6 (phwong doc) m’ 798 | 588
Dién tich chan gi6 (phuong ngang) m’ 2973 | 2197
Dién tich chan dong chay (phuong doc) m’ 193 | 403
Dién tich chan dong chay (phuong ngang) m’ 1043 | 2197
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4.1.2. S6 liéu méi trwdng trong phan tich thiét ké neo (bang 4.2)

Vi tri mé Rang Pong (hinh 4.3) va s6 liéu moi truong (bang 4.2)

M6 Hong Ngoc (Ruby)

Mé Rang Dong

M4 Réng
Mé Bach Hé

Hinh 4.3. Vi tri mé Rang Pong

Gid: Vung bién Nam Viét Nam c6 hai mua rd riét 1a mia mua va mua
khé véi hai ché d6 gié mua twong phan:gié mua Pong Bic tir thang 10 dén
thang 3, gi6 mua Tay Nam tir thang 5 dén thang 8. Thang 4 va thang 9 1a
thang chuyén tiép cta gio. Trung binh ¢ 10 dén 12 con bao nhiét d6i xay ra &

bién Pong mdi nam va khoang tir 5 dén 6 con bao d6 da di vao Viét Nam.

Song: Phu thudc vao mua gid, séng cling ¢6 hai mua vdi hudng song
phd bién 1a Pong Béc tir thang 10 dén thang 3, va Ty Nam tr thang 5 dén
thang 8. Thang 4 1a khoang thoi gian chuyén tiép cua song, gi6. Chiéu cao
song dang ké vao mua dong cao hon so véi song vao mua hé. Song to duoc
quan sat chii yéu trong khoang thoi gian tir thang 10 dén thang 2 va trong con

bao, chiéu cao song thay doi tir 8 m dén 10 m.

Dong chay: S6 liéu quan sat chi yéu theo hudng Pong Nam, dir licu

dong chay tai mé Rang Pong duoc lay theo [41].

Dir liéu song, gio, dong chay tai mé Rang Pong thé hién trong bang 4.2.
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Bing 4.2. S6 li¢u mdi truwong trong phan tich thiét ké hé neo FSO Rang Pong

Chu ky lap 100 nim Pon vi
Dt lidu Thoéng s6 Cong Khong
7 tuyén cong tuyen
Vung bién | B sau nudc 56 56
Dit  liéu | Chiéu cao song dang ké | 8,48 8,48
song Chu ky song tinh toan 8 10 |12 14,61 s
Hudng 0+ 180 0+ 180 bo
Dt liéu | Van toc trung binh 37,4 37,4 m/s
gid Hudng 0+ 180 0=+ 180 Po
Hudng 0-+180 0+ 180 bo
Dt li€u | Dong chay mat 1,47 0,74 m/s
dong chay [ Dong chay tai do sau 1,43 0,72 m/s
Dong chay tai d§ sau 56m | 1 0,5 m/s

4.1.3.H¢ thong neo va ching budc

Tau FSO Rang Péng duoc neo bang thap neo ngoai, ¢ dinh véi day
bién bang 09 diy neo dugc chia thanh ba cum (hinh 4.4) véi cac thudc tinh

(bang 4.3), st dung neo Stevpris.

7Dé1y neo 4
Day neo.5 | Hudng chinh Béc
J 1
e 120°
J/ ~Day neo 3
Day neo 6 N / )
y N 2 \”‘, 4 / Day neo 2
. I Vi > '{* - l > ‘;-_3:;‘]—:‘__:\;—'"'_\;;;;" S
”/ 50
Day neo 7 h?;'};\ - Day neo 1

2 Day neo 9

Day neo 8

Hinh 4.4. So d6 hé 09 day neo ciia FSO Rang Péong
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Bdng 4.3. Thugc tinh cac duwdng diy neo

Thong ) Poan xich | Poan xich | Poan xich | Poan
ndi véi gia | trunggian | nim  trén | diy cap
chan xich mit dat trén dat

Loai khong khong khong 6 strand
ngang-RQ3 | ngang-RQ3 | ngang-RQ3

Chiéu dai (m) 58 80 194 750

buong kinh (mm) 95 95 89 95

Trong lugng/ 1m khéng | 178.7 178.7 157,7 34,9

chiéu dai (kg/m) Khi

trong nuoc 155,4 1554 137,2 30,4

Khdi lugng riéng khong | 7850 7850 7850 5610

(kg/m®) trong Khi

nudc 6855 6855 6855 4887

Do cting doc truc (kN) 801200 801200 721980 382090

Tdc dd an mon (mm/nam) 1 1 0,3 0,3

Luc kéo dut T4 (KN) | Mai 7100 7100 6630 6700

basr | 6140 6140 6230 6140
dung

He 56 Cy 2,2 2,2 2,2 0,7

Hé s6 Cp 1 1 1 1
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4.2. Thiét 1ap mit séng ngiu nhién tai viing bién mé Rang Pong
4.2.1. S6 liéu chwong trinh thiét 1dp mit séng ngiu nhién ving bién mo
Rang Dong

- B0 sau nudc: 56 m;

- Chiéu cao song dang ké: 8,48 m;

- Chu ki song: 10 s;

- S con song tinh toan: 20.

4.2.2. Két qua tinh toan

4.2.2.1. Tinh toan tham sé cia phé

Trong luan &n, tac gia 1ap chuong trinh thiét 1ap mat séng ngau nhién dé
tinh toan tai trong séng lén day neo bang cach md ta séng theo 2 dang phd
sau:

- Pho Pierson — Moskowitz (P-M)

Vi qua phan tich & chuong 2, phd P-M la dang pho thich hop dé mo ta
g xir ctia séng ¢ vung bién Viét Nam.

- Pho Jonswap

Thudng dugc cac Cong ty thiét ké sir dung vi 2 Iy do:

Cé4c phan mém dang st dung nhu OCARFLEX, MIMOSA... chii yéu
tinh todn cho séng & viing Bién Bac, nén phi hop véi dang phd Jonswap.

Phé P-M thyc ra 1a mot truong hop dic biét cua phd Jonswap, khi do
nhon dinh phd y = 1 thi phd P-M tring vai phd Jonswap. Thong thuong phd
Jonswap ¢d y > 1, do dé trong nhitng méi trudng bién bat lgi hon, phd
Jonswap duoc st dung. Vi vdy cac Cong ty thiét ké thuong sir dung phd

Jonswap trong tinh toan CTBN.
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Két qua tinh toan hai dang phd st dung cho ving bién mé Rang Pong
phia nam Viét Nam tir mét trang thai bién trén MOORING_ 2017 thé hién
trong bang 4.4.

Bdng 4.4. Dang phé song Pierson — Moskowitz va Jonswap

Trang thai bién | H=8.48 m; T,=10 s

Dang pho P-M

15+ -

S_PNAC w)L0) -

Dai tan so cta o_PMg = 05825 =039 o_PM¢ = 51100 2 = 3487
pho (rad/s) Tz Tz

Dai chu ky tinh | (1,802 + 15,87)

toan (s)

Dang phd ;

Jonswap

5_Jonswap{w)12.5F ]

D[.}ZSJ 1.234 2186

Dai tan s6 cua @ _Jonswap ¢ = 0.282 @ _Jonswap ¢ = 2.186
phd (rad/s)
Déi chu ky tinh | (2,874 + 11,14)
toan (s)

4.2.2.2. Thiét ldp mat séng ngdu nhién

Két qua chuong trinh mé ta mit séng ngau nhién theo hai dang pho tai
ving bién moé Rang Dong phia nam Viét Nam thé hién trén hinh 4.5 va hinh
4.6.
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1x10°

600 12107

X

200 400 800

Hinh 4.5. Miit séng ngiu nhién mé ti béi phd P-M

1107

Hinh 4.6. Miit séng ngiu nhién mé ta boi phd Jonswap

4.2.2.3. Xdc dinh cdc thong sé déng hoc ciia séng ngdu nhién

1.2210°

Két qua cac thong s6 dong hoc clia song & mé Rang Pong xac dinh theo

2 dang pho thé hién ¢ bang 4.5. va bang 4.6.
Bing 4.5. Két qua thong s6 dong hoc ciia séng khi dung phé P-M

Thanh phan van toc 3 . . .

phan tir nude theo

wvx(0.0.t)

phuong ngang (m/s)

200 400 600 800 1x10°

12107
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Thanh phan van toc
phan tir nuée theo

phuong dung (m/s)

vz 0,0,t)

200

400

600

300

1x10°

12107

Thanh phan gia toc
phan tir nudc theo

phuong ngang (m/s?)

1.667
=(0,0.1)

- 1.667

200

400

600

300

1x10°

1.2:10°

Thanh phan gia tc phan
ti nude theo phuong

dimg (m/s?)

1.667
2z(0.0,1)

- 1667

200

400

600
t

300

1x10°

12107

Biing 4.6. Két qua thong sé dong hoc ciia song khi ding phé Jonswap

Thanh phan van toc
phan tir nuée theo

phuong ngang (m/s)

4

1
vr(0,0,t) ‘

=7

200

400

600

200

1x10°

12107

Thanh phan van toc
phan tir nude theo

phuong diung (m/s)

200

400

600

300

1x10°

125107
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Thanh phan gia toc .

phan tr nudce theo 1 667F
(00,9
— 1667

phuong ngang (m/s?)

0 200 400 600 300 1x10° 1.2x10°

Thanh phﬁn gia tdc ph?m 3 ' . . . .
tu nudce theo phuong Lserk

4 2 &Z_([),D__l)
diang (m/s?) e

0 200 400 600 800 1:10° 1.2x10°

4.3. Tinh toan hé diy neo mo hinh khong gian
4.3.1. SO liéu dau vao

S6 liéu moi truong va sb lidu két cau (bang 4.7), tai trong tac dung 1én
FSO duoc 1dy theo két qua cua Cong ty dau tu ky thuat va phat trién cong
nghé bién Viét Nam VIMARTEC.

Bing 4.7. S6 liéu chwong trinh tinh toin hé diy neo FSO Rang Pong

Gia tdc trong trudong (m/s?) g:=9.81

Khdi lwong riéng nude bién (kg/m?) pp == 1.02

Do sau nudce (m) d: =56

SO liéu song

Goc hop boi giita phuong truyén | B:= 180
song va truc x (d0)

S6 con song N =20

Chiéu cao song dang ké (m) Hs :=8,48

Chiéu dai song (m) Cd_song:= 153.02

Tm:=10

Chu ky séng tinh toan (s)
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Dai tan sb pho song (rad/s) Bang 4.4
Dai chu ky tinh toan (S) Bang 4.4
Vién tdc va gia téc phan tir nudce do
song theo phuong ngang va phuong | Bang 4.5
dung theo pho séng P-M.
Vian tdc va gia téc phan tir nudce do
séng theo phuong ngang va phuong | Bang 4.6
dung theo Pho Jonswap.
S6 liéu dong chay
Goc hop boi gitra phuong dong chay 180
va truc x (d9)
Vin tdc dong chay: dong_chay =
Vi cao trinh day: 1 0 1
V. 0 mat: 1,47 m/s; Z: 22 1.:1;
V. & 30 sau 30 m: 1,43 m/s; 2 :
V. tai day: 1 m/s.
S liéu két cdu cia FSO Rang Pong
Cao d9 thap neo so véi mat nuée (m) | th_neo:=15.4
Bén kinh neo tinh tir tam thap neo dén | R_x:= 1056
diém neo (m)
. N 58

Chiéu dai cac doan day (m): Moi day 80
neo gém 4 doan theo b li¢u bang 4.3 i 194

_ 750
Moi doan day neo duogc chia thanh 5 5
phan tir, mdi day neo gdom 4 doan | n_doan = 2
duogc chia thanh 20 phan tir 5

\ S -5

Gia tri diéu ki¢n can bang nut 10
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So do6 nat:

Tai tdm Turret 1a nut so6 1.

Cac day duoc danh s6 tir nat 2 dén
nGt 181 (so dd bén)

/_L(Jldén_LZl

82 dén 101

42 dn 61
22 dén 41

//ml
_A_A—-—————'v—va""—‘q
==

T

§ 122 dén 141
/142 dén 161

/162 dén 181

>
i

Y

Goc xoay cac day neo so voi truc X goc_xoay = T
(d6) (theo so d6 hé day neo FSO = =
Rang PBong hinh 4.2 g >
ang g ) 4 115
5 120
6 125
7 235
8 240
9 245
10
S6 nut: Mdi day neo c6 20 nat, 1 nit
A S A 1A g so_nut:= 181
chung tai tam Turret, vi vay hé c6 181 -
nat
So chuyén vi: Mdi ntt ¢ 3 chuyén Vi,
A LA Ak X o , . | tong_so_cv=543
nén hé c6 543 chuyén vi (tinh ca cac 40—
chuyén vi bi chan)
Toa d6 nut ltc ban dau (m) 1 2 3
1 0 0 714
2 7.278 <0.381 62.375
3 14.555 -0.763 53.35
toa_do_nut = 4 21.833 -1.144 44.325
5 29.11 -1.526 35.3
6 36.388 -1.907 26.275
7 51.48 -2.698 21.02
8 66.571 -3.489 15.765
9 81.663 4.28
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Vat liéu két cau: theo s liéu tur bang 4.3

loai vl :=
1 2 3 4 5
1 1.13-108 0.095 1 2.2 7.85:103
2 1.13-108 0.095 1 2.2 6.855-103
3 1.161-108 0.089 1 2.2 6.855-103
4 6.142°107 0.089 1 0.7 4.887°103
5

Cot 1: M6 dun dan hoi cua vit liéu, kNIm?; Cot 2: Puong kinh cua tieng doan day
neo, m; Coét 3: Hé s6 Cy, Cot 4: Hé s6 Cp; Cot 5: Khoi lwong riéng vt liéu day
neo, kg/m?®.

Luc kéo dut T4 (KN) 7100
5 : A J4 r A 5 Ik pt =
Bang lién két cac phan tur P T 5
1 1 2
2 1 22
3 22 23
4 1 42
5 42 43
6 1 62
7 62 63
8 1
X Lian hia : data_dkb =
bicu kién bién (dkb): = T 5 = p
-Tai cic nut diém neo co6 3 1 1 0 0 1
. 2 21 1 1 1
chuyén vi bi chan theo 3 3 41 1 1 1
b . 4 61 1 1 1
phuong; 5 81 1 1 1
-Tai tAm Turret c¢6 1 chuyén vi 6 101 1 1 1
7 121 1 1 1
bi chan theo z; 8 141 1 1 1
o 3 Y 9 161 1 1 1
-Tai nhitng nit nam trén mat dat T 181 1 1 1
c6 1 chuyén vi bi chan theo 11 1 0 0 1
12 31 0 0 1
phuong z. 13 51 0 0 1
3 , . 14 71 0 0 1
Cot 1: Nut. Cot 2: dkb theo X. = o 0 0 1
Cot 3: dkb theo y. Cot 4: dkb 16 111 0 0
theo z.
Budc thoi gian (5) At = 0,05
Thoi gian (s) t=1200
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Tai trong mdi truong tac dung 1én FSO (sb liéu theo OCARFLEX)

e, e o ,. | tai_trong_nut =
Gia tr1 tai trong tinh Fr trang thai . 1 5
3 ., R 281-103
day tai cia FSO Rang Dong (kN) ; ; 428110
Gia tri tai trong dong F(t) trang
' 1
thai day tai cua FSO Rang Dong il [l A m ” -\ | |
il u'...l 'lw i i I M
(kN) | |l I \III |!| H| ( | 'Il “|| |Fr U “d
| | l
4.3.2. Cac thong sb va két qua tinh toan
Bing 4.8. Mot so két qua tinh toan trung gian
Toa do nut méi 1 2 3
1 -1.818-10'14|  -1.589:10-14 71.4
(m) 2 6.898 -0.362 62.081
h UAL qid tri toa_do_nutl =| 3 14.203 -0.744 53.078
(Trich xuat gia tr; 4 21.947 -1.15 44.451
cua nut 1 den 6) 5 30.162 -1.581 36.272
6 38.876 -2.037
Cosin chi phuong. 0627 0777 —0052 0628 0778 0
] N vt TTO , =| -0.033 -0.041 -0. vt esep_TT0,, =f 0 0 -1
(Trich xuat gi4 tr;  cscp_TTO , = | -0.033 -0041 -0.999 21
. -0.778 0.628 0 -0.778 0.628 0
cua phan tr 1,21)
Véc to chiéu dai 1 1 1
cic phin tir (m) 1] 116 6| 16 11 38.8
an
p vedpo = 2| 16| capo | 7] 18] oqpn |12 388
(Trich xuat gia tri 3] 116 8 16 13] 38.8
) L . 4| 11.6 9| 16 14 38.8
cua phan tuw 1 den s 10 15
15)
Ma tran chuyén hé 0628 0778 0 0 0 0
truc toa do. (Trich 0 0 -1 0 0 0
e g 07780628 0 0 0 O
xuat gia tri cua phan | vt Te0,, =
0 0 0 0628 0778 0
tur 21). 0 0 0 0 0 -1
0 0 0 -0778 0628 0
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Ma tran do cing 5 2
o 1 1.227-107| 6.985:10-10
cua ket cau (KN/m) 2| 2095109 1.227°107
dc_he(vt_TO,toa_do_nut0 ,vt cd pt0) =| 3 0 -2.328:10°9
4 -2.719-106 1.424°105
5 1.424'105| -8.327:103
6 3.37-106
Ma tran khoi luong 1 2 3
N 4 X = 2.886 0 0
cla ke t cAu (k g) kl_he (toa_do_nut0 ,vt _cd pt0 ) i . -
0 0
Ma tran can nhoét L 2 : i
7 ) 1 1.777'107  1.011-10°9 2.36'109| -3.936°106
[C] la to hop tuyen 2 | 3034109 1.777107| 3371109 2.062°105
tinh cua [M] va can_he = 3 0| -3.371-10°9 5.447:107 4.879-106
4 -3.936106|  2.062-105 4.879-106 7.872:106
[K] (kN.s/m) 5 2.062:105| -1.2057104| -2.557°105| 4.124°105
6 4.879:106| -2.557°105| -6.052:106| -9.759-106
7 0 0 0
Tai trong NGt phan 0 4
, . 0 ~6.439 x 10
tur do song (kN) 0
) 0
Trich xuat gia tri t_nut_pt21 _3
(7 . 79 ’ -p 0 t nut pzz = | “1726% 10
cua phan tur 21, 22 - .
. e 3.4 0 —-5.925 x 10
tai thoi diem 100 s) 0
0
-0.02
Tai trong ndt phan 0 -0.014
tr do dong chay o 4
KN Trich ) 0 ~0.011
(kN). (Trich xudt | ¢ nut pro1 0 tt_nut pt22 = 0179
gia tri cua phan ti e
21, 22 tgi thoi diém 8 0
100 s) ~01%6
Véc to tai trong 1
1 -9.824'103
nat phy thudc thoi 2 1.203:10-12
. ) 3 -75.844
glan (kN) (Trich vt_luc_he (100,toa_do_nut0 ,1,1,1,1,1,1) =| 4 -0.065
xuat gia tri nat 1 5 -2.052°10-3
dén 7 tai thoi diém 6 ~16.904
7 -1.706
100 s) s
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Bing 4.9. Két qua tinh lwc hoc hre cing va chuyén vi trong 9 day neo

1 1 1
1 1.828-103 21 1.918-103 41 1.828-103
2 1.818:103 22 1.908-103 42 1.818-103
3 1.809-103 23 1.898-103 43 1.809-103
4 1.799-103 24 1.889-103 44 1.799-103
5 1.79°103 25 1.879-103 45 1.79-103
6 1.779-103 26 1.868-103 46 1.779-103
7 1.766°103 27 1.856-103 47 1.766°103
8 1.754-103 28 1.843-103 48 1.754-103
9 1.742-103 29 1.831-103 49 1.742-103
kq 10 1.73-103 ka, = 30 1.819-103 kg, = 50 1.73-103
11 1.519-103 31 1.596-103 51 1.519-103
12 1.519-103 32 1.596-103 52 1.519-103
13 1.519-103 33 1.596-103 53 1.519-103
14 1.519-103 34 1.596-103 54 1.519-103
15 1.519-103 35 1.596-103 55 1.519-103
16 1.519-103 36 1.596-103 56 1.519-103
17 1.519-103 37 1.596-103 57 1.519-103
18 1.519-103 38 1.596-103 58 1.519-103
19 1.519-103 39 1.596-103 59 1.519-103
20 1.519-103 40 1.596-103 60 1.519-103
21 41 61
1 1 1
61 222.161 81 220.019 101 218.041
62 207.506 82 205.305 102 203.271
63 193.357 83 191.095 103 189.003
64 179.835 84 177.509 104 175.357
65 167.091 85 164.703 105 162.49
66 153.213 86 150.757 106 148.48
67 139.383 87 136.875 107 134.546
68 128.728 88 126.219 108 123.889
69 122.08 89 119.655 109 117.404
kq 70 120.107 kql _| 90 117.867 kql _|110 115.795
71 120.083 91 117.816 111 115.707
72 120.083 92 117.816 112 115.707
73 120.083 93 117.816 113 115.707
74 120.083 94 117.816 114 115.707
75 120.083 95 117.816 115 115.707
76 120.083 96 117.816 116 115.707
77 120.083 97 117.816 117 115.707
78 120.083 98 117.816 118 115.707
79 120.083 99 117.816 119 115.707
80 120.083 100 117.816 120 115.707
81 101 121
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1 1 1
121 218.041 141 220.019 161 222.161
122 203.271 142 205.305 162 207.506
123 189.003 143 191.095 163 193.357
124 175.357 144 177.509 64 179.835
125 162.49 145 164.703 165 e
126 148.48 146 150.757 e e
127 134.546 147 136.875 e 139383
128 123.889 148 126.219 168 13878
129 117.404 149 119.655 65 5308
R O vt T I T B R+ I Y E0) BN PIOE 1
132 115.707 152 117.816 171 e
133 115.707 153 117.816 172 LAV
134 115.707 154 117.816 173 120.083
135 115.707 155 117.816 174 120.083
136 115.707 156 117.816 175 120.083
137 115.707 157 117.816 176 120.083
138 115.707 158 117.816 177 120.083
139 115.707 159 117.816 178 120.083
140 115.707 160 117.816 179 120.083
141 161 180
Luyc cing max (KN) Tmax = 1.918 x 10°
Chuyén vi niit day neo mé hinh khong gian chiu tai trong tinh
1 1 1
1 6.071 22 0.474 42 -0.033
2 1.174-10-13 23 7.701 43 -0.178
3 -3.72 24 2.163 44 -0.025
4 0.12 25 -0.405 45 -0.134
> 2.575 26 4.964 46 0.017
o -1.318 27 1.01 47 -0.089
4 e 28 0.34 48 | -8.299'103
8 222 29 2.396 49 -0.045
1% 3;2; 30 -0.049 50 -3.703
ka, =11 s ka, = 31 0.28 @, = 51 | 1.163-10-13
> oo 32 -0.047 52 2.596
3 5357 33 0.269 53 -1.286
2 10772 34 0.046 54 | 1.152-10-13
T " 35 0.257 55 5.266
16 0628 36 -0.044 56 1.181
17 13.667 37 -0.246 57 1.142-10-13
18 4.757 38 -0.043 58 8.012
19 0.549 39 0.234 59 3.696
20 10.603 40 -0.041 60 | 1.131-10-13
21 3.412 41 -0.223 61 10.835
22 42 62
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1 1 1
62 6.261 82 | 9.575'10-14 102 5227
63 1.12-10-13 83 0.033 103 1.137
64 13.736 84 | 9.147-10-14 104 0.369
65 4.818 85 0.032 105 7.959
66 | 1.105-10-13 86 | 8.718'10-14 106 3.642
67 10.674 87 0.031 107 0.497
68 3.467 88 | 8.289'10-14 108 10.772
69 1.09°10-13 89 0.025 109 6.2
70 7.767 90 | 6.631-10-14 110 0.628

a, - |71 2.208 kg, - | o1 0.019 a, - [111 13.667
72 | 1.074'10-13 92 | 4.973'10-14 112 4.757
73 5.017 93 0.013 113 0.549
74 1.041 94 | 3.316'10-14 114 10.603
75 | 1.059-10-13 95 | -6.266'103 115 3.412
76 2.427 96 | 1.658'10-14 116 0.474
77 -0.036 97 3.72 117 7.701
78 | 1.043'10-13 98 0.12 118 2.163
79 -0.035 99 2.575 119 0.405
80 1-10-13 100 -1.318 120 4.964
81 -0.034 101 0.243 121 1.01
82 102 122

1 1 1
122 0.34 142|  -8.299-10-3 162 -3.937
123 2.396 143 0.045 163 -3.48
124 -0.049 144 -5.58 164 7.438
125 0.28 145 -0.892 165 -3.784
126 -0.047 146 0.734 166 -3.612
127 0.269 147 -5.289 167 7.947
128 -0.046 148 -1.389 168 -3.996
129 0.257 149 1.17 169 -3.017
130 -0.044 150 -5.218 170 5.574

q, = 131 0.246 . = | 151 -1.446 a, = 171 4.324
132 -0.043 152 -1.236 172 2.192
133 0.234 153 -5.39 173 4.146
134 -0.041 154 -1.02 174 2.102
135 0.223 155 -0.846 175 -3.969
136 -0.033 156 -5.828 176 2.012
137 0.178 157 -0.066 177 -3.791
138 -0.025 158 0.112 178 -1.922
139 0.134 159 -4.603 179 -3.613
140 -0.017 160 -2.329 180 -1.832
141 0.089 161 -4.569 181 -3.435
142 162 182

Chuyén vi tai tdam Turret (M) | ul =-6.071

128




Bding 4.10. Két qua dong lue hoc lwc cing trong 9 day

tam Turret (m) khi dung phé P-M

neo (kN) va chuyén vi

Day neo 1

(Cum 1)

[F%}

6w 10 T T

[*T)

5= 1071

4% 10
TI(0.0,9)3 » 10
2 107 )

1= 107

0 ' .

Wi Tl Td

] 200 400

600

300

1:10°

10°

Day neo 2

(Cum 1)

6 = 1E|-3 T T

5y 10°|
4x10° |
T2(0,0.13 x 10° I
2% 10°

1x103_

o I 1

i

G600

300

1=10°

1.
1

Day neo 3

(Cum 1)

6 x 10° . .

5x 100 |
ax10° L
T3(0.0.6)3  10°
2% 10° |

1% 10° |

0 ! !

)

o 200 400

600

1%10°

et
2
1

2107

Day neo 4

(Cum 2)

3:{103 T T

23 x 103

25 10°
T4(0,0.5) 3
— T 15x 10

1):103

300 1 1

] 200 400

600

800

15107

Day neo 5

(Cum 2)

3

3w 10 T T
23 x= 103 -

2% 10°
T5(0.0.8 X
— isx1w0

13-(103—

300 1 1

o 200 400

G00
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Day neo 6

(Cum 2)

25 103 L

[

=

[

¢L¢J
T

200

1.2x10°

Day neo 7

(Cum 3)

3

3% 10
2.5:-(103—
2x 103—

T7(0,0.8)
155 10

l>-<103—

300

L

1]

200

1=10°

12x10°

Day neo 8

(Cum 3)

3

3= 10

23x 103 L

2= 103

TS(0,0,%) 5
—  15x W0

3

1= 107 |

300

200

110°

12:10°

Day neo 9

(Cum 3)

£ 103

253x 107 L

2w 103

T9(0,0,5)
T 1Sk 10

1= 10

300

200

1107

12107

Chuyén Vi tai

tadm Turret (m)

ul(0,0,1

a0 1t b L Y

3
—4
5

[=]

200

110°

1.2510°




Bing 4.11. Két qua dong luc hoc lwc cing trong 9 day neo (kN) va chuyén vi

tam Turret (m) khi diing pho Jonswap

Day neo 1 6% 10° ; ; ; : :

5% 107

1% 10°

(Cum 1) 5

: T100.0.9) 5 ;o3
2% 107 |
31
15107

0 1 1 1 1 1
0 200 400 500 800 1:10° 12%10°

a

Day neo 2 §x 10 ' ' ' ' '

o= 10

4% 10 |
(Cum 1) T20.0.9 103 . |
2% 107
3 ]
13 10

o 200 400 600 800 110° 1.2x10°

(]

U

Day neo 3 6% 10° : . : . :

5 107 -

(Cum 1) 4% 10° |

T3(0,0,1)
3% 10

2= 10

[N PR Pt

I

1100 |
0 1 1 1 1 I

0 200 400 600 800 1x10° 12x10°

Day neo 4 210 ' ' ' ' '

25x10° | J
(Cum 2) T4(0,0.1) 210 WIM v

1.5 % 107

1% 107 T 4

500 I 1 1 ! |
0 200 400 600 200 15107 1.2x10°

D&y neo 5 3x 107 : : : —

25% 107 | J

23107
(Cum 2) 0.0 '
15 % 107 ]

1= 107 1

500 1 1 1 1 1
0 200 400 500 800 110° 12x10°
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Day neo 6 32107 . . - . .
25%10° | ]
(Cum 2) 2% 10°
T6(0,0,1) W
15% 107 i
1 10° | 4
300 1 1 1 1 1
0 200 400 600 200 1107 125107
t
Day neo 7 3x 10° : . : : .
25% 100 4
(Cum 3) 2% 10°
T7(0,0.8)
15 107 |
15107 4
300 1 1 1 1 1
200 100 600 800 1=10° 12x10°
t
~ 3% 107 . T . . T
Day neo 8
25% 107 ]
(Cum 3) 2% 10° :
T8(0,0,1)
15 10°7 4
1x 107 i
300 ] 1 ] | |
200 400 600 800 1x10° 1.2:10°
i
Day neo 9 3 10° . : : : ,
25%10° .
(Cum 3) 2% 10° I
T9(0,0,8)
15 % 107 1
1%10° i
500 1 1 1 1 1
200 400 600 800 1x10° 12107
t
Chuyén vi tai tdm 7 . - . - .
i
Turret (m) 3
ul(0.0.6 o
—
=2
-3
—4
-3
-5
7 1 1 1

200 400 600

800 1x10° 12x10°
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Bing 4.12. Gi4 tri lwc ciing max trong 9 diy neo va chuyén vi max tai tim

Turret tinh theo MOORING_2017 theo hai dang phé song

Day neo Str dung St dung phd
phd P-M Jonswap
Gia tri lyc | Dayneo 1 (cuml) 5101 5112
cang  max | Diy neo 2 (cuml) 5125 5134
(kN) Day neo 3 (cuml) 5110 5121
Déay neo 4 (cum?2) 2743 2754
Day neo 5 (cum2) 2702 2718
Day neo 6 (cum2) 2480 2499
Day neo 7 (cum3) 2462 2480
Day neo 8 (cum3) 2658 2672
Day neo 9 (cum3) 2738 2748
Gia tri chuyén vi 16n nhét tai tim Turret (m) 6,624 6,689

4.4. Két qua tinh toan trén phan mém OCARFLEX
4.4.1. S6 liéu dau vao

Thong s moi trudng va sé lidu két cau cua FSO Rang Pong dung trong

tinh toan trén phan mém OCARFLEX nhu sau:

Hinh 4.7. Dang phé Jonswap trén phin mém OCARFLEX
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| ses | Sea Density| Seaged Wiaves | Wawe Caloulstion| Waves Breview| Cusrert| Wind | Drawing

‘Wave Trains Simufation Teme Origan (s): Spgctrum Discretisation Methed:
omber. S ® Legeo
Wirve Train Masne K i Saretching Methed i
95d

Vertical Stretebung -

#| User specified seeds

Dats for Wae Train: Wavel

Wrvg Data

| Direction | Hs | Tz | Wave Drigin | Ware | Wave Type | Mumber of wive
{deg) i) [ Ko | wim) Time Origin (s} dinecticns

| isose | S48 | s a.00 | = 0.000 | SONSWAR [=] 1]

Spectinl Parameters Fartially Specified - Compenents:
¥ | a al a2 frr T | Relstive frequency range | Basirmuem cempanent

{Hz) oY) Seed Hurmiber | Mni | M \ | frequency rnge (Hz)

10700 Q0030 Q070 00500 00488 12563 11345 100 157 11.1 -

Yiew Frequency Spectrum
[ Weew Ware Cgmponents

[ox ][ cancet | [ tien

Hinh 4.8. Dir li¢u séng ving bién mé Rang Pong

| sea | seaDensity| Seabed| Waves | Wave Calculation | Waves Preview Current| Wind | Drawing|

[[]Multiple sets of current data can be defined
[J Ramp during build-up

Horizontal Current Variation

Horigontal Vanation Factor:

Wertical Current Variation

(Eurrent Methed Prafile: 3 =]
@ Interpolated -
Mumber | Depth [m) | Factor Rotation (degj_
Power Law 1 0.000 1470 180,000
2 30000 | 1430 180,000
Current Dagax: 3 56.000 | 1.000 180,000
Speed Direction
(m/s) ‘ (deg)
1.000 ~ [ 180.000 -

[ View Vertical Profile Graph |

[ view Vertical Profile 3D View |

Hinh 4.9. Dir liéu dong chay vang bién mé Rang Pong
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o
& Indnidual
Sglected Line Type:
| Onain 35men -
[ Cham95mm | IGenerst
Geometry & Mass: Lirmets
Drameters (m) CG Offset (m) Mm] Mass per Unt Compression Allowable Minimum Bend Radii (m)
Outer | tomes ] g, 03) Length te/m) | | iskmited | Tension (kN) x y
(¥ 0.000 0,000 0.000 nfinty at73 7] N0.000 | - v] ~
Structure: Contact:
Eending Stéfness (Nm*2) I Assal |Poem Tersional Contact Icunm Clash Dampng
x | ¥ Sedfness (kN) Ratio | Suffmess (N.m”2) Dismeter (m) | (eN/m) TN/ (mvs)
0.000 o - 0020083 d 0.500 | 10000 018 0.000 0000
Ogeg. Lift, Added Mass & Inertiz:
Deag Coetficients Lt Drag/ Lift Dismeters | Added Mass Corfficients (Ca) | Inertia Coefficients (Cm)
x | y 2 (m) (m) x | y z x | ¥ z
2.200 -l - +1 11% | 0000 0.05 002 | 1000 - 00 -
Ericticec Seructural Damging:
Seress Diaeneters (m) J Allowable Stress Stress Loading Factoes Seabed Friction Coefficients Rayleigh Damping
Outer |  Inner (xPa) Tensile | Bending | Shesr | Torsional Normal | il Coefficients
- - - 1000 1,000 0.500 (requires implicit integration)
[ Raylegh Dampeg Coeficnts.. | | Code Ohecks-. |

Hinh 4.10. Thong s6 doan xich ndi véi gia chin xich

Category:

I 'Gmﬂ

L

CG Offset (m)

Bulk Modulus
x | (Pa)

Mass per Unit

0.000 0.000

Compression | Allowable

isfimted | Tension (kN)

7100.000

=]

Tersional
Stifferess (cN.m*2)

0.500 | 10200 v

i

Normal
x=:]

I Asial
y z

Inertia Coefficients (Cm)

11%

0.500

Y I

= |

Seructural Damging:

Stress Loading Factors
(kPa) Tesile | Bending | Shear | Tomsional

Outer | Inner
= - 100

n:requle: imglict integration)

Hinh 4.11. Théng s6 doan xich trung gian
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Neme: Category:
| Chom 89mm ] [Generat 7]
Geometry & Mass:
Diameters (m) CG Offset (m) Bulk Modulus | Mass per Ueit Compression | Allowable [ Minimvum Bend Radii {m)
Outer | lrmer x |y ) Length (te/m) ishmed | Tension (N) x y
0168 Q000 0.000 0.000 Infinky 0,157 s &30.000 - TS
Structure: Contact:
Bending Stéfness (kN.m"2) | Asal Iml Teesional Cootact Imm Clash Dampng
x y Sefess ON) Ratio | Stiffness (N.m*2) | | Duameter(m) | (eNvm) KN/ en/s)
0.000 v]- w! TLENED - 0.500 ' 80000 030 0.000 0.000
Dgag, Lift, Added Mass & Inestis:
Deag Coefficients [t Drag /Lift Diemeters | Added Mass Coefficients (Ca) | Inertia Coefficients (Crm)
x | y 2 (m) (m) e 55 2 x | ¥ 2
2,000 <1 1400 | 00% 0.08% 0028 | 1000 0800 -
Spress Erictacec Seructural Damging:
Stress Dumeters (m) Allowable Stress Stress Loading Factors Seabed Friction Coefficients Rayleigh Dampng
Outer | Inner (Pa) Tersile | Bending | Shesr | Tomional Normal | Awel Coefficients
- - - 1000 1000 1000 1,000 0.500 - {requires Imphcit mtegration)

| Rayleigh Damping Coetficsents... | | Code Check. |

Lo ) [om ]

Hinh 4.12. Théng s6 doan xich trén mit dat

Sglected Line Type:
[lopuﬁ-n -]
Name: Category:
[_ﬁ:ft”m ] Genersl
Geometry & Mass: Limts:
Diameters (m) [ CG Offset (m) uml Mass per Unit cm[ Alowable Mininwam Bend Radii (m)
Outer | Inner WO [y (Pa) Length (te/m) ishmited | Tension (kN) x y
0076 Q.00 0.000 0.000 Iney o4 €000 - E ~
Structure: Contact:
Bending Sedfness (N.m*2) I Avial lvomnl Tersional Contact |(h!h$tllnus Clash Damping
x | y Sfness (N Ratio | Stiffness (kN.m*2) Diameter () | (N/m) KN (m/s)
0.000 - | 3NNES o 0300 20000 - - 0.000 0.000
Dgag. Lift, Added Mass & Inertia:
Drag Coefficients (] Drag/ Lift Disneters | Added Mass Coefficients (Ca) | Inertis Coefficients (Cm)
x | ¥ z im) (m) xen iy z ] z
07 of - «| 00080 | 0.000 - - - 1,000 0.000 - -
Spress: Erictsoe Seructural Damging:
Seress Dueneters (m) ] Allowable Seress Stress Loading Factors Seabed Fricticn Coefficients Rayleigh Dampng
Outer | Inner (Pa) Tesile | Bending | Shew | Torsional Normal | Adal Coefficients
- - - 1000 1.000 1000 1.000 0500 (requires imghcit integration)

[ Rayleigh Damping Coetficsents.. | | Code Checks... |

o] (o ]

Hinh 4.13. Thong s6 doan cap neo
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4.2. Két qua tinh toan trén phan mém OCARFLEX (Bang 4.13)

Bing 4.13. Két qua tinh lwc hoc lwce cing max (kN) trong day neo va chuyén vi

tam Turret (m) tinh theo phin mém OCARFLEX

Huéng dong chay 180°

Vi tri chan neo 1678. 64123535156

(Anchor)

-, 9 , 1981.042603596
Vl trl gla Chan XICh neo RN LRGN R I e e A e s creatien 2

(Fairlead)

i i st
H i H

6.09354

Chuyén vi tai tam Turret,m

Bing 4.14. Két qua déng luc hoc luce cing (kN) trong 9 day neo va chuyén vi
tam Turret (m) tinh theo phin mém OCARFLEX

Day neo 1 i 0
o ) 1 ! |J‘
(Cum 1) e iy
ﬂ A Lah "H iR \‘ "m \‘ :\|||.||I I|‘ ” ‘I\MHIH‘ ll b ‘ r|
.,: ’\M\ﬁ M ” III‘IU' Jl\l‘t l‘l\‘ Il\lli‘ul‘”"l\ |||.'IJ|J “H ‘\HU“; I H || ‘|‘| |l||| ” \\{U ”H \UK/ l"l\ll‘
Day neo 2 —
(Cum 1) - | | ’ ;J
E fﬂ | “ I\ ‘\‘ I” ‘I\ Hll“l | nl[\r
;m |‘ I"‘ \\‘ ,\Il‘ \I‘ |‘|“” |“ \\‘ |I |\‘|| ||“ il \|‘ 1l 'wﬂ\“‘u“ I‘
N J;UA\”M; Ql I”‘I‘lt || \J.I:” I1l| \I\\l\||u I I ¢'|\|||| w W UM h”
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Day neo 3

D Mﬂﬁﬂnﬁn;wﬂ,“uﬁ\n'l\w;J‘ |'| I M\MM MWMMM
L
(Com2) MMMWWfﬁmwwmmmMw ”A J\ o \ ¥ UJ“
o ww ﬂm
(Cum 2) ,uw m u‘ Mf” \\”[ f'[ i "M‘ \ﬂ \\ \I\J\J /\n( M /\“ {M‘
o "'

i i ‘N iy
| ;J

il \ 1 “\ ('( W
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Déay neo 8
| |
(Cum 3) il I “ ' “‘
T“""\Hl‘\l\”w u‘ I" HI ‘ll \‘I‘ “ I \ ‘\‘I‘ Hl ‘ ‘H' li “ ‘I| I ‘ "l"'y”‘ U ‘
; ”W\ I |M \‘1” W ‘ || i ‘I“ |‘\‘ \.\‘ nH HH \“ ‘\\ H "‘U ‘\‘ M||\
R ‘\ L l‘
Day neo 9
N
(Cym 3) i ” MI | JrTA i I n I ”||
Wull‘lf‘ \u \'“\“\ i I ‘.a‘ || Hh i "\ " ‘H\
I w“"\l N |\\ I\ \| il ‘U |‘I 'l | ‘J L ‘\h
I a I
Gia tri chuyén vi tai tam Turret (m)
1 | |"| [ r H
.‘F\ ‘ “‘H\ " H“ \I\ '| \
YT "‘||‘|‘H F N \‘M‘ HM‘ \ \r\ ‘H‘\l II ”\ ‘
‘_‘u“u“;‘, “\"‘\ “\ "“ ‘ it |'\M IHI“\“ \|‘ \ \“ ‘
'\'I\lll.,""w “\)Wl\“‘\‘\“l “L‘ IJ “‘H“ll\ ‘\HHI“ |I||||' w |I‘|I \I‘.
' ‘ ' | . -
Gi4 tri luc cing 16n nhat Day neo 1 (cuml) 5225
(KN) A
Day neo 2 (cuml) 5250
Day neo 3 (cuml) 5226
Day neo 4 (cum?2) 2830
Day neo 5 (cum2) 2795
Day neo 6 (cum2) 2578
Day neo 7 (cum3) 2560
DAy neo 8 (cum3) 2750
Day neo 9 (cum3) 2825
Gia tri chuyén vi 16n nhét tai tm Turret (m) 6,9755
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4.5. Panh gia két qua tinh toan lwc ciing va chuyén vi trong diy neo

Bing 4.15. So sanh két qua tinh toan tinh lue hoc h¢ diy neo

Gia tri can xéc Phin mém Phin mém Sai sb tuong d6i
: MOORING_2017 OCARFLEX cua (1) (%)
dinh 1) @)

Gia tri lyc cang | Fairlead Anchor Fairlead | Anchor | Fairlead | Anchor

max (kN)
1918 1596 1981 1678 3,28 5,14

Chuyén vi cua 6,071 6.00354 0,37

tam turret (m)

Bing 4.16. So sanh két qua tinh toan dong lwc hoc hé diy neo

Day neo Tmax(KN) Sai s6 (%)
MOORING_2017 OCARFLEX
(1) (2) 3) (4) (5)

Day neo 1 (cuml) 5101 5112 5225 2,43 2,22
Day neo 2 (cuml) 5125 5134 5250 2,44 2,25
Day neo 3 (cuml) 5110 5121 5226 2,27 2.21
Day neo 4 (cum2) 2743 2754 2830 3,17 2,76
Day neo 5 (cum2) 2702 2718 2795 3,44 2,83
Day neo 6 (cum2) 2480 2499 2578 3,95 3,16
Day neo 7 (cum3) 2462 2480 2560 3,98 3,22
Day neo 8 (cum3) 2658 2672 2750 3,46 2,92
Day neo 9 (cum3) 2738 2748 2825 3,18 2,80
Gia tri chuyén vi

16n nhit tai tAm 6,624 6,689 6,9755 5,31 4,28
Turret (m)

Cha thich: (1) Két qua ciia MOORING_2017 sir dung phé P-M;

(2) Két qua ciia MOORING_2017 si dung phé Jonswap;
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(3) Két qud ciia OCARFLEX si dung phé Jonswap;
(4) Sai s6 twong doi cia (1) véi (3);
(5) Sai 56 twong doi cia (2) véi (3).

Nhin xét két qua:

Két qua chay bang phan mém MOORING 2017 so véi két qua ctia phan
mém OCARFLEX c6 sy sai khac khong 16n (dudi 5%) vi cac ly do:

- Két qua phu thudc vao mdi 1an thuc hién chay chuong trinh do phén
mém tu gieo mot s6 ngiu nhién trong dai tan sd xac dinh theo pho song. Tuy
nhién két qua luc va chuyén vi max thuong dao dong xung quanh mot gia tri

nhét dinh;

- Str dung phuong phéap gan dung dé giai quyét bai toan, trong d6 co viéc
chia s6 phan tir, budc thoi gian, Vi vay két qua tinh phai c6 sai s6, nhung nam

trong gidi han cho phép.
KET LUAN CHUONG
Két qua chuong da thuc hién:

- Dya trén thuat toan tinh toan hé day neo CTBN theo mo hinh khéng
gian ¢ chuong 3, tac gia di 1ap chuong trinh MOORING 2017 va dua ra két
qua gi tri luc cing trong mdi day neo khi diy neo chiu tai trong truc tiép tir
song ngau nhién, dong chay moi truong, tai trong ban than, tai trong ttr CTBN
va két qua chuyén vi tai tam Turret, cac két qua dugc tinh theo hai dang phé
Pierson-Moskowitz va Jonswap;

- Pé kiém nghi¢m do tin cdy cua thudt toan tinh toan h¢ day neo CTBN,
két qua chay trén phan mém MOORING 2017 di duoc danh gia so sanh voéi
két qua chay trén phan mém OCARFLEX do Cong ty c6 phan dau tu ki thuat
va phat trién cong nghé Cong trinh bién VIMARTEC thuc hién.
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KET LUAN
1. Két qua va nhirng déng gép méi ciia luén an

Két qua cua ludn 4an 13 giai quyét bai todn dong luc hoc chiu tai trong
song ngau nhién theo mién thoi gian cta két cdu hé day neo cong trinh bién

ndi véi md hinh khong gian. cu thé nhu sau:

1.1.Thiét 1ap phuong trinh mat séng va xdy dung thudt toan mo ta mat
s6ng theo quan diém soéng ngau nhién theo phd song bat ky. Trong ludn an da
sir dung hai loai pho thuong dung 1a phd Pierson-Moskowitz va Jonswap dé
mo ta mit song & vung bién nam Viét Nam. Két qua nay cho phép tinh toan
dong luc hoc cong trinh bién bang phuong phap nghién ctru mé phong qua
trinh thuc ddi véi cac cong trinh hay con goi 1a phuong phéap thuc nghiém
thong ke, v6i cach 1am ndy co thé tinh toan cac két cAu cong trinh bién mot
cach tong quét nhat.

1.2. Giai quyét bai toan day neo don chiu tai trong ban than trong truong
hop tong quat, Xét ca trudng hop ddy neo ching va dy neo cing. Két qua nay
cho phép tinh toan d6 bén day neo trong trang thai day neo cing, khi d6 xéac
dinh duoc gia tri goc hop boi phuong ctia ddy neo va mat dat, tir d6 xac dinh
toa do cta timg diém trén dy neo dé mé ta dugc quy dao dudng day neo.

1.3. Luén an d3 ap dung phuong phap PTHH dé giai quyét bai toan hé
day neo theo mo6 hinh khong gian; Xac dinh dugc tai trong tac dung l1én day
neo bao gdm: tai trong tir cong trinh ndi truyén vao diy neo, tai trong ban
than ctia diy neo, tii trong séng ngiu nhién va tai trong dong chay tac dong
truc tiép 1én day neo; Xay dung duoc cac ma tran phu trg, thudt toan quy tai
trong vé nut dbi voi phan tir gian khong gian c6 lién két khdp tir phan tir thanh
c6 lién két cting. Tir d6 thiét 1ap duoc hé phuong trinh vi phan dao dong cua

hé day neo cong trinh bién ndi. Pay 12 mot hé phuong trinh phi tuyén dién
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hinh ma trong d6 cac ham chua biét xuat hién nhu 1 bién ctia mot da thuc.

1.4. Van dé tiép theo dit ra trong bai toan dong luc hoc day neo la can
phai giai mot hé phuong trinh vi phan phi tuyén theo mién thoi gian. Viée str
dung phuong phép giai tich dé giai hé phuong trinh nay c6 nhiéu khé khin do
s6 bac tu do cta hé 1on. Pé giai cac phuong trinh nay c6 thé ap dung cac
phuong phép tinh gin dung ma két qua thu dugc dat sai sé cho phép. Tuy
nhién ddi véi mdi mot bai toan khdng phai phwong phap nao ciing cho 15i giai
hiéu qua nhat. Két qua cua bai toan la thu hep dan khoang chtra nghiém dé hoi
tu duoc dén gia tri gan dung vai do chinh xéac trong gisi han cho phép. Trong
luan an nay da st dung phuong phép lap, thuat giai Newmark dé giai quyét
van dé nay.

1.5. Xay dung thuat todn va lap chuong trinh MOORING_2017 trén co
so thuat toan d6 dé tinh toan hé day neo theo md hinh khong gian, phén tich
dong luc hoc theo mién thoi gian trong mién khao sat dao dong cua két cau
day neo cho cong trinh bién ndi phu hop véi diéu kién Viét Nam.

1.6. Bé danh gia d6 tin ciy cua thuat toan, két qua gia tri luc cing va
chuyén vi tinh toan theo chuwong trinh MOORING_2017 di duoc so sanh véi
két qua ctia phan mém thuong mai c6 ban quyén OCARFLEX tinh toén, do
Cong ty c6 phan dau tu k¥ thuat va phét trién cong nghé bién Viét Nam
VIMARTEC thuc hién.

Dong gop cua luédn an 1a thudt toan va chuong trinh tinh toan hé day neo
cong trinh bién ndi dit tai vung bién Viét Nam theo md hinh khong gian, chiu
tai trong song ngau nhién. Thir nhat, gitp cho cac can bo thiét ké, nghién ctru
hiéu rd thuét toan tinh dong luc hoc day neo. Thur hai, st dung chuong trinh
tinh trong tinh toan thiét ké day neo. Tir d6 gép mot phan dan dan timg budc
lam chu dugc cong nghé thiét ké cong trinh bién, dan tang ti 1€ ndi dia hoa

cong nghé thiét ké cong trinh bién ¢ Viét Nam phuc vu tham do va khai thac
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dau khi trén thém luc dja Viét Nam. Ngoai ra chuong trinh thiét 1ap mat song
ngau nhién ciing 12 mot dong gép quan trong trong hudng nghién ctu tinh

toan dong luc hoc cong trinh bién bing phuwong phap thuc nghiém théng ké.

2. Nhan xét va Kkién nghi

2.1. Tinh toan hé day neo theo mo hinh khéng gian va giai quyét bai toan
dong luc hoc hé day neo chiu tai trong séng ngau nhién 1a mot van dé phtc
tap, nhung qua luan &4n da lam chud dugc phuong phdp va chuong trinh tinh.
Pay 1a diéu kién t6t cho cac hudng nghién ciru tiép theo ddi vdi cac két cau
cong trinh bién.

2.2. Chuong trinh tinh MOORING_2017 1a mdt chuong trinh cic ma
code tinh toan duoc luc cing trong mdi ddy neo va chuyén vi cta cong trinh
dugc neo. Chuong trinh nay c6 thé tré thanh mot cong cu dung cho cac nha
thiét ké cong trinh bién cua Viét Nam sau khi duoc cac k¥ su cong nghé thong
tin tao nén nhing giao dién dé sir dung giira ngudi va may tinh.

2.3. Noi dung nghién ctru ctia ludn an c6 thé ap dung vao nghién ctu
theo cac hudng tinh toan loai hé thong neo khac cua cong trinh ndi nhu:

- H¢ day neo vong c6 thém vt treo;

- H¢ day neo vong c6 thém xich gia tai;

- Hé day neo nhiéu diém neo.

2.4. Tir thuat todn trén c6 thé xéac dinh duoc phan luc géi tai chan neo dé
gidi quyét duoc bai toan tinh neo: luc bam neo, khdi lugng neo. Sau dé dua
vao diéu kién dia 1y, yéu td nén dat lya chon loai neo phu hop.

2.5. Ciing dya trén phuong phap tinh todn luan an da thyc hién, véi viée
xdy dung dugc mit song ngiu nhién c6 thé tiép tuc nghién tinh toan dong luc
hoc két cdu cac cong trinh ndi va cac két cdu lam viéc ngoai khoi chiu tac
dong cia song bién ngau nhién. Nhu vay cé thé giai quyét tong thé bai toan

dong luc hoc tir két cau no1 dén day neo va neo.
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