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Tom tat

Bai bdo trinh bay bai todn phdn tich 6n dinh nguyén ven va on dinh cé ton thdt cho gian khoan tu ndng 400ft - Tam Ddo 05 theo yéu
cdu ctia tiéu chudn ABS va IMO. Tdi trong gié duoc tinh todn dua trén méi quan hé giita géc nghiéng va cic mén nuéc trong truéng hgp on
dinh nguyén ven va én dinh cé ton thdt. Trong phdn tich 6n dinh nguyén ven, vdn téc gio yéu ciu cho di chuyén néi mé va di chuyén dai
duang tuang iing la 36m/s (70knot) va 51,5m/s (100knot). Déi véi phdn tich 6n dinh cé ton thdt vdn téc gié yéu cdu la 25,72m/s (50knot).

Bai bdo ciing gidi thiéu phuang phdp xdy dung mé hinh tinh todn phdn tich 6n dinh trong trang thdi néi va di chuyén; dua ra cdc kién
nghi vé quy trinh tinh todn thuc hanh va xi Iy dit liéu phdn tich; timg dung phdn tich tinh todn 6n dinh cho gian khoan Tam Ddo 05 trong
diéu kién bién Viét Nam.

Tir khéa: Gian khoan tu ndng, 6n dinh nquyén ven, 6n dinh c6 ton thdt, Tam Bdo 05.

1. Gidi thiéu

On dinh tng thé cta gian khoan tu nang trong trang oz
thai ndi, di chuyén 1a yéu t6 quan trong trong cong tac
nghién cuu thiét k&, ché tao, dong mdi gian khoan tu nang.
Kha nang 6n dinh cta gian khoan anh huéng truc tiép dén
viéc tinh toan thiét ké lua chon kich ¢, kha nang chuyén
chd, cong nang si dung cua gian. Pay la mot trong nhiing <
rao can chinh trong qua trinh thiét ké gian khoan tu nang cé O

thé hoat déng & khu vuc nuéc sau, xa bg, c6 diéu kién moi
trudng khac nghiét. Trong qua trinh thiét ké gian khoan tu
nang néi riéng va phuang tién ndi néi chung, khéa ning 6n
dinh la chi tiéu quan trong nhat dé danh gia chat lugng thiét
ké cong trinh.

D06 16n gid tri GM la thuéc do d6 dbc clia dudng cong 6n
dinh. Néu GM I6n, moment phuc héi tiang nhanh (Hinh 1a).
Moment nay c6 thé nhanh chéng dudi kip va vuct qua gia
tri moment nghiéng, chéng lai kha nang quay lat cda gian
khoan va dé dang kéo gian khoan quay lai vi tri ban dau khi
moment nghiéng ngimng tac dong. Nguac lai, khi d6 déc thé
hién bang gia tri GM nhé (Hinh 1b), dién tién dé thi 6n dinh
cham, kha nang chéng tra ngoai luc khéng 16n, moment
phuc héi nhanh chéng tré vé gia tri 0 hodc tham chi am.

Mat khac, néu GM I6n, chu ky lac ngang sé ngan dan dén
anh hudng truc ti€p dén an toan cta gian khoan. Chu ky lac
ngang ngan thi tan suat lac I6n va gian sé ldc nhiéu, gia toc
I3c 16n hodc rat I6n lam dich chuyén céc thiét bi, may mdc
trén gian, hu hong két cau. Do d6, yéu cau vé chiéu cao ban
dau GM khong dugc thap song cling khéng dugc qua I6n.
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Ngay nhdn bai: 20/10/2017. Ngay phdn bién ddnh gid va stia chifa: 20 - 26/10/2017. Ngay bai bdo duoc duyét ddng: 6/4/2018.
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Hinh 1. D3 thi duting cong 6n dinh
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Khi trong tam dung (G) cla tau trung véi tam nghiéng ngang (M),
GM = 0, gian khoan sé khéng con kha nang 6n dinh. Khi G ndm cao hon
M, GM < 0, gian khoan sé bi lat. Khi G nam bén dudi M, gian khoan cé
kha nang én dinh.

On dinh nguyén ven 1 kha ning 6n dinh clia gian khoan (nguyén
ven) trong trang thai ndi va di chuyén trén bién duéi cac tac dong cla
moment nghiéng do gié va chuyén dong do séng, dong chay.

On dinh c6 tén that (con goi 1a én dinh tai nan hay 8n dinh hu hdng)
Ia khad ndng 6n dinh clia gian khoan tu nang khi cé (cac) khoang bi ngap
nuéc do hu hédng nhu: thiing than gian khoan, thang vach kin nudc,
nudéc tran ti khoang bi ngap nudc sang khoang lién ké dudi céc tac
déng ctla moment nghiéng do gi6 va chuyén déng do séng, dong chay.
On dinh du trir 1a kha nang 6n dinh ctia gian trong trudng hop ¢

tén that (mot khoang gian bi ngap nudc), khong ké dén tac dong clia
gi6 va thoa man diéu kién RoS = 7° + 1,56, RoS khong nho han 10°.

1.Thén gian 5. San kéo cang dau giéng 9. Xuéng ctu sinh

2. Két cau nang ha 6.Khunha & 10. San chtta can khoan
3. Hé dam cong xon (console) 7.5an san bay 11. Hé tru neo, bich neo
4, San khoan 8.Can cdu 12. Hé théng tdi neo

Hinh 3. Hé thong cdng nghé chinh trén than gian khoan tu ndng

2. Nghién ciu xay dung mo hinh phan
tich 6n dinh gian khoan tu nang

2.1. Théng s6 ky thudt gian khoan tu' ndng
400ft - Tam Bdo 05

Gian khoan tu nang 400ft - Tam Bao 05
dugc thiét ké theo mau thiét ké JU - 2000E
cGa Friede and Goldman (My). Than gian
khoan cé dang tam giadc can, kich thudc
téng thé 70,358 x 76 x 9,45m (dai x rdng x
cao). Khi gian khoan di chuyén trén mat
bién, than gian khoan tu nang kin nuéc giir
cho gian néi va khéng bi nghiéng, lat dudi
tac déng cua tai trong. Khéi nha & trén gian
khoan dugc thiét ké cho 140 ngudi, kha
nang chuyén chd 2.995 tan (t6i da 6.488 tan
- Max. Variable Load) véi trong lugng khong
clia gian (lightship weight) khodng 18.000
tan.

Chan gian khoan la hé két cau khung
gian khéng gian dugc thiét k&, ché tao bang
thép cudng dé cao c6 chiéu dai chan 147m
(481ft). Theo thiét ké mau 400ft - JU - 2000E,
chan gian khoan c¢é thé néi dai t6i da dén
167m (547ft) trong tuong lai néu can nang
cap. Khu vuc hoat déng gian khoan tu nang
& d6 sau nudc bién 120m (400ft) nudc va
kha nang khoan t&i moé dau khi véi d6 sau
9km (30.000ft).

2.2. Quy trinh tinh todn, phan tich én dinh
gian khoan tu' ndng

Trén co s& nghién cdu yéu cau tiéu
chudn quy pham, cac huéng dan ky thuat,
qué trinh tinh todn phan tich én dinh
nguyén ven va 6n dinh c6 tén thit gian
khoan tu nang dugc thuc hién theo trinh tu
nhu Hinh 4.

2.3. Nghién citu xdy dung mé hinh chéan
gian khoan tu'ndng

Chan gian khoan tu nang 400ft - Tam
Pao 05 c6 mat cat ngang dang tam giac,
kiu két cau khung gian khéng gian, bao
goém hé théng thanh giang ngang, gidng
chéo, cac 6ng chinh va hé théng thanh
rang, vai chiéu dai chan téng thé 1a 166,98m
(chua bao gom két cau dé chan) (Hinh 5).
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M6 hinh tuong duong phuc vu tinh

Tinh todn moment nghiéng

Xay dung mo hinh
bang Autocad

todn moment nghiéng do gié * do gi6 (Tiéu chudn ABS)
Moment gay nghiéng do gi6
Bdo cao dac trung thuy tinh gian / | Gtrang thai n%g{i’}’é"en dichuyen 14
Mb hinh phuc vu tinh toan én dinh ]
Moment gay nghiéng do gié
Béo cdo dac trung tank / ¥~ & trang thai nguyén ven di chuyén [*1
hai trinh dai
le—3
Moment gay nghiéng do gié
< & trang thai c6 tn that di chuyén |«
Toa dé diém vao nuéc ndi mo
Tiéu chuan ABS, IMO Moment gy nghiéng do gi6
X ! e & trang thai co ton that di chuyén e
Tiéu chuan Viét Nam hai trinh dai
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—olTinh toan 6n dinh nguyén venl—»

Bao céo tinh toan cho trudng hop 6n dinh
nguyén ven di chuyén ndi mé

/
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Bao cdo tinh toan cho trudng hgp 6n dinh
nguyén ven di chuyén hai trinh dai

/

Bao cao tinh toan cho trudng hgp 6n dinh
6 t6n that di chuyén noi moé
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Bao cao tinh toan cho trudng hgp 6n dinh
6 tén that di chuyén hai trinh dai

/

—-{ Tinh toan 8n dinh du trir |—»/

Bao c4o 6n dinh du trir
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Hinh 4. Quy trinh phdn tich, tinh todn on dinh gian khoan tw ndng
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(a) M6 hinh két cdu chdn

Hinh

52

(b) Mé hinh tinh tdi trong gid lén chdn
5. M6 hinh két cdu chdn gian khoan tu ndng Tam Bdo 05
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Trong bai toan phan tich danh gia én
dinh néi gian khoan tu nang, dé don gian,
thuan tién cho viéc mé hinh va tinh todn cac
thong s6 dau vao ma van dam bao tinh chinh
xac, hé két cdu chan gian khoan ty nang Tam
Pao dugc mé hinh tuong duong thanh hinh
tru v&i dudng kinh tuong duong la D = 5,2ft
(1,585m) va hé s6 can tuong ducng la Cd =
2.247 (tham khao tinh todn theo chuin ABS
[1], SNAME [2]).

2.4. Nghién citu xdy dung mé hinh than va
dé chén gian khoan

Than gian khoan ty nang la két cdu ban
vo thanh mong, kin nuéc dugc ché tao tu
thép cudng dé cao theo tiéu chudn quéc té,
g6ém cac thanh bao, mat bén (side shell), san
day (bottom deck), san Ing (tank top) san
trung gian (intermediate deck), san chinh
(main deck) va cac vach gilta chia than gian
vUla la cac vach tang cuiing, chia khoang. Cac
thiét bi chinh, cac khu vuc phuc vu cac hoat
doéng trén gian chu yéu dugc dat trong
than gian khoan. Than gian khoan ciling
chinh 1a bé d& cho hé dam console d& san
khoan va thap khoan, kh&i nha &, toi, ciu
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(a) Mdt bdng tdng ddy

(b) Mdt bdng cao d¢ 1.830mm

(c) Mdt bdng cao dg 5.640mm

Hinh 6. So @6 bd'tri khoang vdch cia than gian khoan tu ndng Tam Bdo 05

Béchdnmanirdi  Dé chln trudc

£ chén man phai

Hinh 7. M6 hinh chi tiét cdc khoang két va dé chdn

va hé théng thiét bi trén mat boong chinh va cac nhan
vién lam viéc trén gian. Khi gian ndi va di chuyén trén
mét bién, phan than gian khoan tu nang déng vai trod gilt
cho gian néi, 8n dinh khéng bi nghiéng lat dudi tac déng
cUa tai trong. So d6 sdp xép, bo tri cac khoang, két va cac
phong cta gian khoan tu nang gém:

+  Khu budéng may phat chinh;

« Budng bom bun;

« B6n bé chia xi mang;

« Kho chia dung cu va thiét bi co khi;

« Cac két nudc dan;

- Két chtra cac dung dich khoan, héa pham;
. Cac két nudc sinh hoat, két nudc dau.

Trén mat boong chinh bé tri hé san khoan, thap
khoan, cac hé théng bom, cau, cac hé théng théng gi6 va
khu nha &, san bay.

DE& chan gian khoan (spud can), khi ha dat gian khoan
tu nang cdm sau vao nén dat gitp gian 6n dinh trong

qua trinh van hanh va giam &p luc cta gian lén nén dat.
Trong qua trinh ndi va di chuyén, nhdm ting lugng choan
nudc, tang thém luc ddy ndi (tang thém moment chéng
nghiéng cho gian) thi hé dé chan dugc déng kin (hoan
toan kin nudc). D€ chan gian khoan ty nang Tam Dao 05
c6 dang chép tron, dudng kinh ngoai D =9.144mm, cao H
= 5.945mm, vdi thé tich choan nuéc 1aV = 1965,3m?.

M6 hinh 3D than va chan gian khoan (Hinh 7) gobm
cac vach, khoang chua trong than va dé chan dugc xay
dung mé hinh bang cac phan mém d6 hoa 3D nhu Rinhos,
AutoCad 3D, sau d6 chuyén vao phan mém chuyén dung
GHS [3] dé€ tién hanh tinh toan phan tich va danh gia 6n
dinh cta gian.

Cac hang muc két cau va thiét bi khac trén mat boong
chinh nhu: hé két cdu dam console d& (cantilever), san
khoan, thap khoan (drilling floor & derick), két cau nang
d& thiét bi nang ha (jacking system), hé théng bom, cdu
gian, cac hé théng théng gié va khu nha &, san bay dugc
mo hinh 3D bang phan mém GHS [3] va phan mém Rinhos
theo kich thuéc tuong duong cta hinh bao ngoai (Hinh 8).
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3. Nghién ctiu tinh toan tai trong va té hgp tai trong
3.1. Cdc yéu cdu tdi trong tdc dung

Dai véi bai toan phan tich 6n dinh cda gian tu nang,
tai trong tac dong chl yéu lén gian khoan ty nang trong
qua trinh ndi di chuyén ndi md (field transit) va qua trinh
di chuyén hai trinh dai (ocean transit) 1a tai trong gié va
luc ddy ndi clia ban than gian khoan (tuong Ung v6i maén
nudc cla gian). Gié la nguyén nhan chu yéu gay nén
moment gy nghiéng cho gian, van téc gio tinh toan dugc
ap dung cho céc trang thai di chuyén theo tiéu chuin ABS
[1] nhu sau:

- On dinh nguyén ven: Van téc gi6 t6i thiéu ap dung
cho qua trinh di chuyén ndi mé khéng thap hon 70knot
(36m/s), qua trinh di chuyén hai trinh dai trén dai duong
la 100knot (51,4m/s).

- On dinh tén that: Van téc gi6é 4p dung cho tinh todn
trong ca hai qua trinh di chuyén 1a 50knot (25m/s).

3.2. Tinh todn dp luc gié

Theo tiéu chuan ABS [1] ap luc gi6 tinh toan (P) dugc
phan chia theo chiéu cao phu hgp vai hé sé hinh dang va
chiéu cao, cong thic xac dinh nhu sau:

P=fxVZ?xC xC,
Trong do:

f=10,611 (0,0623, 0,00338) tuong Uing vdi cac don vi
tinh toan N/m? (kgf/m?, Ibf/ft?);

V,:Van téc gi6, m/s;
C,: Hé 56 theo chiéu cao tinh toan;
C.: Hé 56 hinh dang két cau.

3.3. Tinh todn luc tdc déng do gio

Tinh toan luc gi6é dua vao ap luc gié va dién tich mat
chén gi6 theo tiéu chudn ABS [1] theo céng thuc sau:

F=YPxA
Trong do:
F.: Luc gi6 tadc dong vao phan t thiti ciia moé hinh;
A.: Dién tich chan gi6 phia trén dudng mat nuéc clia
phan tlrthd i ciia mé hinh;
P: Ap sudt gi6 1én phan tu thi .
3.4. Tinh todn moment gdy nghiéng do gio

Moment gay nghiéng do gi6é dugc tinh todn tuong
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Hinh 8. Mé hinh téng thé tinh todn moment gdy nghiéng do gid

aghne

A Tithe
— Than gian khoan s Diém ngap nudc
Hinh 9. Diém ngdp nudc trén gian khoan Tam Bdo 05
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Ung véi luc gié tac ddng lén phan ti chan theo cac
mat khac nhau, dugc xac dinh theo cong thuc:

M =3 F xh
Trong dé:
M.:: Moment gay nghiéng do gi6 tudng ting cua
phan ti thi i ctia mo hinh;
F.: Luc gié tdc dong vao phan tirthii ciia mé hinh;

h.: Chiéu cao cla phan t{ thi i tinh ti tam xoay
cUa gian t6i tam dién tich chan gio.

3.5. Phan tich diém ngdp nuéc

DPiém ngap nudc (downflooding points) la cac vi
tri quan trong dugc st dung trong danh gia su 6n dinh
nguyén ven va én dinh c6 tén that cda gian khoan
dé phan dinh cuc tri ma tai d6 gian duoc coi la chim
va mét 6n dinh. Tuy thudc vao cac diéu kién dugc ap
dung, cac diém nay c6 thé 1a vi tri cac 16 théng hai,
hodc vi tri kin nudc ma c6 thé ma dugc ra bién nhu
6 clia s6, cia kin nudc, ndp ham. Trong trang thaéi cac
khoang, bé chiia bi thiing, tat ca cac diém ngap nudc
dugc xem nhu 1a khéng kin nudc. So d6 vi tri cac diém
ngap nudc cda gian khoan Tam Bao 05 nhu Hinh 9.

4. Cac tiéu chi danh gia én dinh

Theo yéu ciu cua tiéu chudn quy pham, théng
qua cac phan tich & trén thi diéu kién dé cho gian
khoan tu nang 6n dinh la gia tri GM > 0. Tuy nhién,
theo tiéu chuin [4] thi dé nghi tinh toan thuc hanh
véi gid tri GM khong dugc nhé hon 0,15m.

Ngoai ra, theo tiéu chudn ABS - Phan cdp gian
khoan tu nang [1] dé gian khoan tu nang 8n dinh can
théa man cac diéu kién cu thé nhu Hinh 10.

5. K&t qua phan tich 8n dinh néi va di chuyén

Sau khi thuc hién bai todn phan tich va danh gia
6n dinh gian khoan tu nang 400ft - Tam Dao 05 bdng
phan mém chuyén dung GHS [3], cho ting diéu kién
mai trudng, trong tai, mén nudc ndi va di chuyén, xac
dinh dugc mién an toan van hanh gian Tam Dao 05
trong qua trinh n&i va di chuyén trén bién [4].

Két qua tinh toan phan tich 8n dinh nguyén ven
va 6n dinh c6 tén that cla gian tu nang 400ft trong
trang thai néi va di chuyén trén bién, khu vuc ndi mé
va di chuyén trén dai duong giup kiém tra va van
hanh gian khoan tu nang an toan.

Kiém tra én dinh nguyén ven [1]:

Minimum extent of
weathertight integrity
provided (see 3-3-2/5.1)
Minimum extent of | *
watertight integrity _ Righting moment

provided (see 3-3-2/5.3) |

Second intercept

Heeling
_moment

Moment

)
A

First intercept
Angle of arca ratio
see 3-3-23.3

B « (see 3-3 ]

Inclination about the critical axis

Diéu kién: Ty lé dién tich gidi han duéi dudng cong moment khdng
nghiéng (moment phuc héi) tur vi tri géc nghiéng ngang bdng
0 (khéng nghiéng) téi vi tri géc vao nudc hodc diém giao tha hai
(tuong Uing vdi gid tri ndo nhé hon) phdi I6n hon hodic béng 1,4 ldn
dién tich phia dudi dudng cong moment gdy nghiéng do gié ldy tai
cing mét goc.

[A+B]>14[B+C(]
Kiém tra én dinh cé tén that [1]:

Minimum extent of watertight
integrity provided (see 3-3-2/5.3)

Righting moment™

Hecling moment

Moment

A First intercept

i Angle of
i downflooding

¥

) Inclination about
6, 6 0p

the critical axis
Diéu kién: Moment khdng nghiéng I6n hon hodc bang moment
gay nghiéng, géc ngdp I6n hon géc ctia diém cdt tha nhdt.

Mpthng;GDz 01

Khoadng du trir 6n dinh:

Righting moment

Moment

Range of Stability (RoS)

U\ Inclination about
m the critical axis

o

RoS>7°+ 1,50,
(RoS khéng dworc bé hon 10°)

Hinh 10. Cdc diéu kién @€ gian khoan tu ndng 6n dinh
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65 Khodng du trit (van t8c gi6 0 -knot)

60

55
~50
g 45 / N&i mo - ¢6 ton that (van tdc gié 50-knot)
240

35

30 /

25

20 N&i md - nguyén ven (van téc gié 70-knot)

15

3,6576  4,2672 4,8768 5,4864 6,096 6,7056  7,3152
Mén nudc (m)

Hinh 11. Gid tri chiéu cao trong tam (KG) cho phép hanh trinh ngdn, ni mé

Khadag dyr ik (el 1l gid O-imat])

M trinh dii-tdn thiit (vin toc gid S0-4rat]

()

] o
Bri] Hbi trink dbi - npuyin wn hibn tie gid100-knat)

3 BTG 4.367F £ET6R 54064 6096 5,056 7152
ebins rindee (0]

Hinh 12. Gid trj KG cho phép hanh trinh dai, trén dai duong
6. Két luan va kién nghi
Bai bao trinh bay co s ly thuyét, phuang phap va quy
trinh tinh todn phan tich 6n dinh nguyén ven va én dinh

¢6 tén that gian khoan tu nang trong trang thai néi va di
chuyén trén bién vdi héi trinh ngan, ndi mé va di chuyén

dai, trén dai duong [5]. Phuong phdp va quy trinh nay
da dugc ap dung trong qua trinh thiét ké tinh toan gian
khoan tu nang 400ft - Tam Dao 05. K&t qua tinh toan phan
tich dugc sir dung dé van hanh gian khoan tu nang 400ft
- Tam DA3o 05 an toan ké tir ngay ban giao gian cho Lién
doanh Viét - Nga “Vietsovpetro” (ngay 12/8/2016).

Phuong phap va quy trinh nay cé thé ap dung dé
phan tich 8n dinh cho céc gian khoan tu nang néi riéng
va cac phuong tién ndi néi chung trong qua trinh thiét
ké cling nhu ki€ém nghiém, kiém tra cac két qua thiét ké
céng trinh.
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ANALYSIS OF INTACT AND DAMAGE STABILITY OF JACKUP RIG

Summary
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The paper presents both the intact and damage stability criteria and analysis methodology for 400ft Tam Dao 05 Jackup Rig that
meets the stability requirements as laid out in the ABS MODU and IMO Rules. The wind force calculation is based on the heel angles
together with the drafts for both intact and damaged conditions. The intact stability analyses are computed for field and ocean transits
with wind speed of 36m/s (70knots) and 51.5m/s (100knots) respectively, while the damaged stability analyses are computed with wind

speed at 25.72m/s (50knots) in both transit conditions.

The paper also illustrates the computer model of a jack-up rig in field and ocean transits condition, the processing of environment
data and an analysis of stability by direct integration method, and recommends a stability analysis methodology procedure applicable in
practice. Example calculations are presented for the Tam Dao 05 Jackup Rig under the sea conditions of Vietnam.

Key words: Jackup rig, intact stability, damage stability, Tam Dao 05.
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