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TINH TOAN KIEM TRA DO BEN KET CAU CHAN CONG TRINH
BIEN TU NANG TRONG TRANG THAI DI CHUYEN

Dinh Quang Cwong'*, Pham Thi Hing’

Tom tat: Trong trang thai di chuyén, céng trinh bién tw néng la mét dang céng trinh bién ndi, kich thude Iém. Khi di
chuyén, két cau chan cla cong trinh bién tw nang ducrc riit 16n nén khéng truc tiép chiu tai trong séng va dong chay
ma chi chiu lue quan tinh do dao dong ldc ctia hé duéi tac dong clia séng va dong chay gay ra kém theo céc tai
trong khéc. Pé tinh toén kiém tra do bén cla két cau chan cong trinh bién tw ndng trong trang thai di chuyén theo
cac tiéu chuan quy pham hién hanh can giadi quyét hai bai toan quan trong Ia xéc dinh dao déng ldc cda gian tur
nang va xac dinh lire quan tinh tac dong 1én két cdu chan do céc dao déng lac néu trén gay ra. Cac van dé nay sé
duwoc lam séng té trong bai bao va ap dung cho gian khoan twrnang 4001t duroc ché tao tai Viét Nam.

Tirkhoa: Két cdu chan cong trinh bién tinang; trang thai di chuyén; baitoén bén.
Strength check for leg structure of jack up platform in transit condition

Abstract: In transit condition, jack up platform is a type of floating structures with large dimensions. The legs of jack
up platform are pulled up during transit, therefore they are not directly subjected to wave and current loads, they just
bear inertial forces due to system's oscillation caused by wave and current actions and other loads. To analyze the
stability of the legs of jack up platform in transit condition in accordance with the recognized code and standards,
there are needs to tackle two important problems which are to determine the jack up platform's oscillation and the
inertial forces acting on leg structures due to the oscillation mentioned above. These issues will be clarified in this
article for 400-feet jackup rig which is fabricated in Vietnam.
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@ 1. Gigi thiéu
Gian khoan bién tw nang thuéc nhém cac céng trinh
bién di déng, hoat ddng & ba trang thai, bao gdm: Trang thai
di chuyén, trang thai nang ha va trang thai khai thac. Trong
trang thai khai thac, hé thdng két ciu gian khoan tw nang
dwoc tinh todn nhw céng trinh bién ¢é dinh. Trong trang thai
nang - ha, hé théng két cau cla gian khoan tw nang duwoc
tinh toan nhw mét hé théng hén hop két cu - co khi. Trong
trang thai di chuyén, hé théng két ciu gian khoan tw nang
dwoc tinh toan nhw mét phuong tién ndi. Két cdu phan than
cla gian khoan tw nang trong trang thai nay dworc tinh toan
nhw két cu than tau, chiu truc tiép tac dong cla cac tai
trong cong nghé va tai trong mai trweng tac dung 1én hé két
chu trong khi d6 két ciu phan chan khang truc tiép chiu tai
trong séng va dong chay. Anh huéng cha séng va déng
chay dén hé thdng két cAu chan gian khoan tw nang trong
trang thai di chuyén dwoc xac dinh théng qua lwc quan tinh
gay ra do cac dao dong lac cua hé thdng dwéi tac dung cla Hinh 1. Gian khoan tw ndng
songvadong chay (Hinh 1). trong trang thai di chuyén
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Bai bao nay sé xac dinh lyc quan tinh tac dong 1én hé thdng két cu chan gian khoan tw nang sau do sé td
hop Iwc quan tinh véi cac tai trong khac tac dung trirc tiép 18n hé thdng két cAu chan dé tinh toan kiém tra bén clia
hé théng két cdu chan gian khoan tw nang trong trang thai di chuyén.

(@® 2.Phantich chuyén dong lic ctia gian khoan tw nang trong trang thai di chuyén

Truet nomg::z:i-
Hinh 2. Chuyén déng cda gian khoan tw néng Hinh 3. Luc quén tinh trong hé truc toa do cau

Hinh 2 chi ra cac thanh phan ctia chuyén déng lac co ban bao gdm: truot doc, dao déng dirng, truot
ngang, lic ngang, 14c doc, xoay. Khi str dung phwong phap phan tir bién dé phan tich cac dao déng clia hé thng,
hé théng két cau duwoc coi la tuyét ddi cirng va dwgc roi rac hoa thanh hé cac chat diém co khéi lvong, co cac dac
trwng hinh hoc va co Iy ndi ctrng véi hé truc toa do quy woc dat tai trong tam clia hé (Hinh 3), phwong trinh chuyén
dong l&c cla gian khoan tw nang duéi tac dung cua tai trong séng va dong chay duoc viét nhw sau:

M+ AU+ CU+KU=F(t) (1)
trong d6: Mla ma tran khdi lwgng clia két ciu trong hé toa do tdng thé [1,2,9]; A 1a ma tran khéi lwong nwoc kém
vGi cac thanh phén A, twong trng duoc tinh theo véc to' ham thé song bire xa @ va n, 13 véc to phap tuyén cla
phan ttr co dién tich d'S trén bé mat ngap nwdc Beta gian twnang [1,2,9] :

Ajj =Re {pw ﬂ;@fnidS} (2)

trong d6: C 1a ma tran can. Khi bé qua anh hwdng can nhét clia méi treéng va can ndi két ciu, cac thanh phan C,
clia ma tran nay ciing dwoc xac dinh theo véc to ham thé song birc xa @ theo céng thire sau [1,2,9]:

Cij = Im {wpw fLCDfnidS} ©)

trong d6: @ 13 tan sb song co ké& dén anh hwéng ctia dong chay théng qua hiéu trng Doppler phu thudc vao van toc
déng chay va goc hop bai chidu clia dong chay va chidu lan truyén ctia song téi va anh huwéng clia van tc
chuyén déng clia cong trinh [1,2]; p, la khoi lwong riéng cla nwac bién. Lwu y thanh phan Iwc quan tinh do nwéc
kém gay ra va lwc can chinh 14 hai thanh phan cla lwc song blre xa.

Klamatran do clrng clia hé dworc thiét 1ap bdi cac lwe phuc héi hay Iwe thuy tinh tac dung 18n mét wat S khi
c6ng trinh gian tw nang thirc hién cac dao dang lac. Cac lwc phuc hdi nay co xu hwdng dwa cong trinh tré lai trang
thai can bangban dau[1,2,9];

U U U 1an luotla véc to cacthanh phan chuyén vi, van toc va gia toc lac clia hé;

F{(t) la véc to tai trong song tac déng 1&n than ndi ctia két cau, do anh hwéng kich thuéc Ién, bao gdm cac
thanh phan tai trong do song t&i va séng nhiéu xa gay ra dwoc xac dinh theo cac ham thé séng téi va song nhiéu
xa twong (rng. Bo qua anh hwdng clia cac yéu td thily dong lwc hoc bac cao, thanh phan thir j (j =1+6) clia véc to
Iwc song bac 1 ¢o thé biéu di&n theo céng thirc (4), vai @, va @, Ian lwot [ ham thé song tai va sdng nhiéu xa
[1,2,9]:

N j f (@, + dp)e~@tn;ds @)
B
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Cac ham thé van téc dwoc xac dinh xap xi dang chudi tly theo bac khi giai phwong trinh Laplace 3 chiéu
trong viing anh hwdng twong tac clia bé mat két cu ndi va méi trirerng nwdre khi xét dén cac didu kién bién dwoc
thiét 1ap théng qua cac gia thiét nhw didu kién mai trreéng nwdc 1a khdng nhét, chuyén déng khéng xody, didu kién
day bién khong thdm nwdc, didu kién can bang ap suét trén mét thoang, diéu kién bao toan déng lwong va diéu
kién xa v ciing. Bai bao khéng nhdm muc dich di sau vao cac phwong phap xac dinh va bac clia ham thé |a cac
van dé rat phirc tap ma hién nay van dang dworc tiép tuc nghién ctru va phat trién trén thé gioi, ma chi dirng lai &
viéc ap dung ly thuyét giai ham thé bac 1 phi hop véi phdn mém SACS 5.3 dwoc str dung trong tinh toan [2].

Trong truéng hop séng téi duwoc xem xét 13 qua trinh ngdu nhién dirng duoc dic trung bédi ham mat do
phd S,, (w) thiham mat do phé phan trng S, (w) dwoc xac dinh thdng qua S,,(w)theo quan hé sauday [1,2]:

Suu(@) = RAO,2. Sy (w) (5)
v6i RAQ, la ham truyén ctia phan ing u(t) cla két ciu dudi tde dung ctia séng donvi(a=1m)  (6)
Tdng quat, gia tri phan &rng cwc dai cla hé (tai trong tam) dwoc xac dinh theo cong thire [2]:

’ T
Uy = ZM(‘)‘lnT—z 7

trong d6: M, la mé men bac khang clia phé phan (rng d4 xac dinh theo (5); T 1a khoang théi gian cin xét phu thude
yéu cau xac suét xuét hién ctia phan ¢ng; T, 1a chu ky cat khdng cla phan (ng.

Déi vai chuyén dong lac thi theo tiéu chuan DnV [6] quy dinh: gia téc Iac dirng gidi han la 0.55g va chu ky
daoddngriénglacngangnén<7s.
@ 3. Xac dinh lyc quan tinh tac déng lén két cau chan gian khoan tw nang

Chuyén déng l&c ctia trong tam hé gay ra lwc quan tinh tac dung tai diém dat khdi lwong ther i (m) trén két
cau chan theo cac phwong trinh sau day (Hinh 3):

Lwe quan tinh xuat hién doc trucx [1,2]:

Figx = —mya;, vOi a;, = acosf (8)
Lwe quantinh litam va lwc quan tinh tiép tuyén [1,2]:

Figx = —m;(7i6,x) (9)
Fip = —m;(rjw?) (10)

Lwe quantinh theo truc x do cac thanh phén gia téc tinh tién va gia téc xoay gay nén [1,2]:
Fir = —=m;(ayy; + 16, sina + riw’cosa) (11)

trong do: a la gia téc l1ac chia trong tam hé; 6, 1a goc nghiéng do chuyén déng l&c clia khéi lwong thir i quanh truc x
(rad); r.1a khoang cach gitra diém dat khdi lvong thir i téi trong tam hé; o, 3 cu thé trén Hinh 3. Lwc quan tinh theo
trucy dwoc bidu dién twong tuw.
@ 4. Phantich cac trirdng hop tai trong va to hop tai trong dé tinh toan két cau chan gian khoan tw
nang trong qua trinh di chuyén

Trong qua trinh di chuyén tai trong tac dung Ieén chan gian khoan tw nang chia lam 2 dang co ban. Taitrong
tinh va twa tinh bao gém: Trong lwong ban than gian, tai trong cong nghé bé tri trén gian, tai trong gié. Tai trong
thay déi (tac dung déng): Cac thanh phan lwc quan tinh do chuyé&n déng l&c gay ra bai anh hwéng clia song va
dong chay da dworc trinh bay trongmuc 2 va 3.

Tai trong gio F tac dong 1&én mét phan tir két cAu chan gian co6 thé dwoc tinh theo tiéu chuan APl vai cong
thirc tdng quat chung nhw sau [4]:

F = (pa/2)uC,A (12)
trong do: p, 1a khdi lwong riéng khong khi; C.1a hé sé can hinh dang (v&i phan tir thanh éng C. = 0,5); Ala dién tich
can gio chiéu vudng goc v&i phwong gio thoi; v 1a van tde gio tinh toan & cao do twong (png véi trong tam phan to
dang xét.

Theo cac tiéu chuan hién hanh nhw [3,6] t& hop tai trong dé tinh toan két cu ndi trong trang thai di chuyén
duoc xét trong ba trang thai tac dong chinh v&i phwong phap td hop tai trong nhw sau (cac td hop nay dwoc xét
twong trng v&i cac chiéu clia chuyén dong khac nhau):
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- Tac dong doc hwéng di chuyén (Head Sea): Td hop gdm lic doc, Iac dirng, trueot doc, gio (twong ting) va
dong chay (twong (rng).

- Tac dong vudng goc vai huang di chuyén (Beam Sea): T hop gdm lac ngang, lac dirng, trieot ngang,
gio (twong trng) va dong chay (twong (rng).
- Tac déng theo phuwrong chéo (Quartering Sea): Td hop gdbm 50% lac doc, 50% lac ngang, lac dirng, gio
(twong rng) va dong chay (twong trng).
@ 5.Kiémtrabén két ciu chan gian khoan tw nang trong trang thai di chuyén
Kiém tra bén phan tir thanh dang éng :

- Béivai phan tir chiu nén udn kiém tra bén theo céng thirc sau [4,9] :
fﬂ Cm"fbx2+fby2
—t+——F=<10
B/
- Déivai phan ti chiu kéo udn kiém tra bén theo cong thire sau [4,9] :

£ /fbxz +fb;y2

<10
065, Fp =

(14)

trong do: £, |a tng suét doc truc ctia phan tir; F, la irng suat doc truc cho phép [4,9]; Cm 1a hé sé giam trng suat ké
dén &nh hwéng cda si bién déi md men [4,9]; f,,.f,, 1an Ivot a tng sudt ubn theo phuong truc x,y; F7, 1a tng suét
Euler [4,9]; F, 1a t'ng suat udn cho phép clia phan tir [4,9].

Kiém tra choc thiing nut theo 2 digu kién sau [4]:

7, \? v, \?
(—”) - (—”) <10
Yra/pp Voa/ opp

2 2
Uy 2 i vy vy
—| + —arcsin || — +|— <1.0
Vpalyy ™ Yva/pp Ypa/ gpp

trong dé: v,,v,, Ian lwot la (ng suét gay choc
thiing va (rng suéat choc thiing cho phép cda
éng chu [4], AX, IPB, OPB twong dwong voi

(rng sut doc truc, (rng suét uén trong va ngoai -
mét phang. [ I | |
6. So db thuat toan cac bai toan can 6 iy e | | S
giai quyét dé tinh toan kiém tra do 7 gn xeping W néng
A £ Y a -
bén két cau chan céng trinh bién \ T | S Tuoeg quen l
tw nang trong trang thai di chuyén

Két cau phu

1ai trong gid 13i trong séng
— — |
Tac dong cua cac yéu té mdi trwdng i

2 PR - s A e o Coi két céu la
bién t&i cdng trinh gian khoan tw nang duoc c?:;:?.éciléfn;m <ing wyet

gia thiét gay ra hai dang phan tng doc lap ooy e e e |
nhau: cho én dinh néi }—'

- Phan (rng cla vat thé cing tuyét dbi e "+
dudi dang dao déng |éc theo 6 béc tu} do. Tinh toan cac thanh Tinh todn, kiém

phén luc quén tinh tac tra chuyén
dung Ién chan céng trinh dbng lac

- Phan (ng cla vat thé dan hoi duéi
dang (rng suét bién dang cla két cau.

O giai doan tinh toan kiém tra 6 bén I ;?1:‘::;: l—'l G'éggﬂ::cﬁizgxha" l—‘l ““L’-'én"ié"n'*“ }_—'
clia két cAu chan cong trinh bién tw nang trong +
trang thai di chuyén, gia thiét lien két ndi gitra [ A |
chan va than 1a céc lién két khép. So dd thuat
toan tdng th& dwoc mé ta nhuw trén Hinh 4.

Hinh 4. Thuét toén tinh toén kiém tra diéu kién bén
két cdu chan gian khoan tw néng trong trang thai di chuyén
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(.: 7. Kiém tra bén két cau chan gian khoan tw nang 400 ft trong trang thai di chuyén

7.1 Céac sé liéu ban dau

Quy mo két ciu gian khoan tw nang 400ft: Chidu dai lén nhat clia than 14 70.4 m; Bé& rong Ién nhat clia than
la 76 m; Chiéu cao ctia than 14 9.45m; Sé lwong chan gian 1a 3 chan.

Trong tinh toan cac tai trong mai trwdng thwdng tinh toan véi 8 hwdng song, giod va dong chay, tuy nhién
trong pham vi bai bao chi tinh toan véi hwéng déng bac (NE) véi cac s6 liéu mai trirdng sau: Van tde gié tinh toan:
36 m/s; Chiéu cao séng dang ké H_: 3m; Chu ki song twong tng T.: 6s; Van téc dong chay matV. . 0.57 m/s; Van
toc dong chay & do sau 20m V,,,..: 0.5 m/s; Van tbc dong chay trung binh VV___.: 0.48 m/s; Van tdc dong chay day
V, o 0.43m/s.

7.2 M6 hinh héa hé théng két cau céng trinh gian khoan tw nang trong trang théi di chuyén theo
phwong phap phén tir hibu han

Hé théng két cau cong trinh gian khoan tw nang 400ft dwo'c md hinh hoa theo phwong phap phan ti htru
han nhw Hinh 5, Hinh 6. VVAn d& mé hinh hoa két cdu, md hinh hoa cac lién két, mo hinh hoa cac két ciu déc biét
bao gébm éng chinh lam viéc ddng thi voi cac thanh réng va cac digu kién bién dé tinh toan két cu cong trinh gian
khoan tw nang trong trang thai di chuyé&n dwoc thwe hién theo tiéu chuén DnV [5] va API [4].

75000

57110

1357 | 54001 |

a) Mo hinh héa tuong duong than gian khoan tw nang  b) So dé tinh téng thé gian khoan tu néng khi di chuyén
Hinh 5. M6 hinh tuong durong than va so dé tinh két cu gian khoan tw ndng 400ft

-

b)Lién két gitra than tuong duong
va chan theo DnV

SNSRI LR R R

T L=
J( 3 _3
i < ; - H
\‘ \_,/"j/ ;
TIET DIEN .
TUONG DUONG

d) So dé tinh téng thé gian khoan tw ndng
¢)M6 hinh héa éng chinh ¢ banh rdng 400ft khi di chuyén
Hinh 6. M6 hinh hoa két céu chan, lién két chan véi than va so dd tinh téng thé hé théng két céu gian khoan
tw ndng trong trang thai di chuyén theo phuong phap phan tir hiru han
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T6 hop tai trong: Lwe quan tinh do dao déng l&c clia hé théng tac dong l1én chan ciia gian khoan tw nang
trong trang thai di chuyén duoc td hop véi cac tai trong khac (ban than, céng nghé, gio,...) d& tinh toan kiém tra
bén két cAu chan gian khoan tw nang 400ft trong trang thai di chuyén. Cac trwérng hop tai trong va té hop tai trong
dworc thire hién theo Noble Denton [3] va DnV [6].

7.3 Mét s6 két qua tinh toan kiém tra bén két cau chan gian khoan tw nang 400ft trong trang thai di
chuyén

Phan tich cac chuyén dong lac clia gian khoan tw nang 400ft trong giai doan di chuyén tai viing bién Nam
Viét Nam dwoc nhém tac gia thue hién nhé st dung chwong trinh phdn mém chuyén dung SACS [2]. Mot sé két
quadaidién dwocthé hién trén Hinh 7.

Response ampiitude operator (surge)-m/m Response amplitude operator (sway)-m/m
30y T

384

A A 1 ./‘. 3

‘_._-_.l.I-I——D 3 _ :-n % L ) - ! ) ;""l“ R 1-( . 1:‘)..1.-.'::5.'-
Period (second) : Period (second)

a)RAO clia chuyén dong truot doc (m/m) b)RAO ctia chuyén dong truot ngang (m/m)

Binh Ién nhét: 28.1 m/m, Tai chu ki: T = 24s Dinh Ién nhat: 8.3 m/m, Taichu ki: T=17s

Hinh 7. RAO cta chuyén dong truot doc va truot ngang cta gian khoan tw nang 400ft khi di chuyén
Gia toc ctia hé thdng dwoc xac dinh tir viéc gidi phwong trinh chuyén dong (1). Tich sé clia gia téc vai khoi

lwong cho ta Iwe quan tinh. Két qua e quan tinh 1&én hé théng két cau cong trinh gian khoan tw nang 400ft khi di
chuy&n xem Bang 1.

Bang 1. Két qua tai trong quén tinh tac déng 1én chan gian khoan tw nang trong trang théi di chuyén

Gia téc goc Gia toc trwot/g Téng tai trong Téng mé men

Trwot | Trwot | Lic |Trwot | Trwot| Lic | Lic Lac
doc | ngang | dirng | doc | ngang| dirng | ngang doc

T6 - p
hop | Lac | Lac
tai |ngang| doc

trong (D6/s") (m/s?) (kN) (kN.m )
4.9 022] o [ -022] 4477 20183 | -540.7 | 1.1566 | 119
022 o | o018/ 4477 6762 | -181 | 1.1566 | 119
022 o | -0.22| -a477 -5171| 138.3 |-1.15E6] -119
022| 0 | 018 |-4477| 0 |[-18593| 4982 |-1.15E6| -119
0 | 034] 026 0 |-7019 8722 [1.82E6] 783
0 | 034] 014] 0 |-7019 | 4700 1.82E6| 422
0 | 034 026] 0 | 7019 | 8747 |-1.82E6] 785
0 | 034| 014 0 | 7019 | 4675 |-1.82E6] 42

Xoay Xoay

S11 0
S12 0
S13 0
S14 0

S15 | -7.9
S16 | -7.9
S17 | 7.9
S18 | 7.9

ojOo|lOo|OoO|jO|C|O|O

Lwrc quan tinh & Bang 1 la dau vao dé tinh toan kiém tra két cdu chan céng trinh gian khoan tw nang 400ft
trong trang thai di chuyén. Str dung phan mém SACS 5.3 gidi ra ndi luc, (rng suét cla phan tr két hop cac digu
ki&n kiém tra & cac cong thire (13),(14),(15),(16) thu dwoc két qua kiém tra bén két cdu chan gian khoan tw nang
400 ft trong trang thai di chuyé&n nhw Hinh 8.

TAP 1180 3 ) _ __ i
—5-2017 TAP CHI KHOA HQC CONG NGHE XAYDUNG




-
P

.
L b Al T )

S35 S
44w

-

\
E S LSS ESSS
EL R AR B TR T R |

G 71 UCne ¢ LEG = O 71,088 01 LUCmee
Cula e o LOT = 0 04

S R EAESS
L s o e

TS R A s s
R S S8 S8 B Rl s
.

Hinh 8. Két qua tinh gia trj UC, , (Unity Check) két cau chan gian tw ndng 400ft cho giai doan di chuyén

Khi kiém tra cac thanh theo tiéu chuan API, gia tri UC,,, = 0.71 (trén phan t& éng chinh LEG) < 1 chirng té
toan bo két cu chan cong trinh giai doan di chuyén théa man diéu kién bén thanh. Két qua gia tri UC I&n nhat ndm
& cac thanh vj tri ngay trén cac thanh lién két than va chan, tai nhirng thanh nay két cau khi di chuyén nguy hiém
nhét. Kiém tra b&n nat: n(t cé gia tri UC Ién nhat = 0.504 < 1, do vay cac nit dam bao didu kién khéng bi choc thing.
(® 8.Kétluan

Bai bao da dwa ra dwoc thuat toan tdng quat dé tinh todn kiém tra dd bén ctia két cAu chan cong trinh bién
tw nang trong trang thai di chuyén.

Cac phan trng twong tac giiva vat thé ndi kich thwdc Ién hinh dang phire tap véi séng va dong chay duoc
xac dinh bang phwrong phap phan tir bién, lam co' s& dé xac dinh luc quan tinh tac dong Ién chan clia két ciu gian
tw nang khi mé hinh hoa doc 1ap két cau chan trong bai toan kiém tra do bén.

Cac két qua nghién clru trong bai bao nay chi la ban dau. Trong thdi gian t&i day, nham nghién cleu clia
Vién Xay dwng Céng trinh bién Trwdng Bai hoc Xay dwng sé tiép tuc trinh bay cac két qua nghién clru phan tich
két ciu cong tinh gian khoan tw ndng trong cac trang thai khai thac va van hanh, ...
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