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Tém tit

Trong trang thai khai thic, gian khoan tu nang c6 dic diém khéc biét véi cac gian khoan cd dinh 12 phan than
c6 kich thudc 16n véi tai trong rit ning dudc dd trén hé théng cac chan dai va manh. Khi chiu cic ti trong moi
truong thiét ké, véi chuyén vi ngang kha 16n, hiéu ting P-A trén két ciu chan do trong lugng ctia phan than gy
ra can dugc ké dén. Van dé nay da dugc quy dinh trong céc tiéu chuin hién hanh, tuy nhién hién nay vin dang
tiép tuc dudc nghién citu nhiam tiép cin dén 16i giai chinh xdc hon, dic biét khi anh hudng dong cia tii trong
song 1én két cAu gian 12 ddng ké. Bai bdo dit muc tiéu phan tich, danh gid, so sianh anh huéng clia hiéu ting P-A
dén do bén clia két cdu chan gian khoan tu ning trong trang thai khai thac dua trén phuong phap phan tich két
cAu bién dang 16n va cic phuong phap gin ding trong tiéu chuin hién hanh, gidi han trong pham vi bai toan
tua tinh. K&t qua nghién ctiu ctia bai bdo dugc dp dung cu thé cho gian tu ning Tam Do 05, 1am ciin cii danh
gia so bd vé mic dd anh hudng clia hidu ng nay tuong ing vdi titng phuong phap trong tinh todn thuc té.

Tir khod: hiéu ting P-A; d6 bén; két cAu chan gian khoan tu nang.
P-A EFFECTS ON STRENGTH ANALYSIS OF JACK-UP LEGS STRUCTURES
Abstract

In operating status, the most different feature between a jack-up platform and a fixed platform is a large hull
with heavy loads supported by slender and long legs. When jack-up platforms are impacted by designed en-
vironmental loading, due to large lateral displacements P-A effects on jack-up legs structures caused by hull
weight should be considered. The effects have been specified in current standards, however the problem is still
being studied to approach to the more accuracy results, especially in case dynamic effects of wave loads on the
structures are significant. This article aims to analyse, assess and compare the P-A effects on the legs strength
in operation of the platforms based on method of structural large strain analysis and method of current stan-
dards with quasi-static limitation. The research results are applied for Tam Dao 05 jack-up platform to evaluate
preliminary on degree of influence of the effects corresponding to each method in actual calculations.

Keywords: P-A effects; strength; jack-up legs structures.
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1. Gidi thiéu
Gian khoan tu ning 12 mot cong trinh bién di dong, ¢6 kha niing hoat dong & nhiéu trang thdi (khai

thac, nang ha, di chuyén) va & nhiéu ving bién khac nhau. D€ d4p tng dudc yéu cau hoat dong phic
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tap, két cAu gian bao gdm ba phan chinh: Két cu than, két ciu chan va dé chan. Két cAu than duoc
cAu tao dang khbi 16n, réng, chia lam nhiéu khoang d€ dd toan bo tai trong cdng nghé va phu trg phuc
vu hoat dong ctia gian. Két ciu than c6 thé di chuyén 1én xudng doc theo hé thong dan huéng dit trén
cc chan. Gian tu nang thong thudng bao gdm 3 hoic 4 chan, mdi chan c6 thé cu tao bdi mot éng
16n hoic dang gian khong gian. Két cAu dé chan gin vdi chan, lam nhiém vu nhu cic méng ndng dé
giit 6n dinh cho gian trong trang thai khai thac khi chan gian dudc cim xubng ddy bién & do sau thiét
ké (Hinh 1).

Trong trang thdi khai thac, than gian vdi tai trong 16n dugc nang 1én cao, tya trén cac chan dai va
manh. Khi chiu tdi trong mdi trudng bao gdm gid, séng va dong chdy, do c6 chuyén vi ngang, trong
lugng gian gay ra hiéu ing gia ting m6 men cho cic chan theo hiéu ting P-A (Hinh 2). V& ban chit,
hiéu ting nay 1a do anh hudng bién dang 16n ctia két ciu gian, da dudc phan tich trong mot s6 nghién
ctiu trén thé gi6i [1, 2]. PE don gian héa, céc tiéu chuin hién nay dang huéng din ké dén hiéu ting
P-A theo hai phuong phap chinh: (1) M hinh héa thong qua cic lién két 10 xo c¢6 dd cing am dit tai
trong tdm than gian theo tiéu chuin ABS ctia My [3]; (2) M hinh héa thong qua mot tai trong ngang
dit tai cao do than gian theo tiéu chuin DnV ctia Na Uy [4].

bivg

Hinh 1. Hinh &nh gian khoan tu ning [5] Hinh 2. Minh hoa hiéu tng P-A cuia gian khoan tu
nang trong trang thai khai thac

Bai bdo dit vAn dé danh gid anh hudng cia hiéu ting P-A dén do bén clia két cAu chan gian tu ning
khi phan tich tua tinh két ciu theo ly thuyét bién dang 16n va theo hai phuong phdp gan diing theo
quy pham nén trén, 4p dung cu thé cho gian Tam Pao 05. Dua trén két qua nghién ciiu dua ra nhan
xét vé anh hudng ctia hiéu ting va miic d6 phu hop clia tiing phuong phap khi 4p dung trong tinh todn
thuc te.

2. Phan tich két chu bién dang 16n theo phuong phap phan tit hitu han [6]

Khi phan tich két ciu bién dang 16n, quan hé giita bién dang doc truc (&,,) va chuyén vi doc truc
(1) tuan theo cong thifc Green. Vi két cAu thanh, gi thiét bién dang doc truc 13 nhd, do d6 &,, dudgc
biéu dién theo cong thiic (1) nhu sau:

_ou Lfov)®fow)’ O
8xx_6x 2 |\ ox ox
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Luu y 14 dbi véi két cAu tuyén tinh khong xét dén hiéu ting P-A, cong thiic (1) chi xét dén sb hang
thu 1.

0.4

L Wk -

0,
Hinh 3. Quy udc hé toa d va cac chuyén vi clia phan tii thanh

Thiét 1ap cac ham hinh dang @, (x), ®,(x), ®,,(x) tai hai dau nit phan tif dya trén phuong trinh
dudng dan hdi ctia cac phan ti phan biét theo trang thai chiu kéo va chiu nén tuong ting nhu sau
(Hinh 3):

- Pbi v6i thanh chiu kéo:

v(x) = Alek"x + Aze_k”x + A3§ + Ay

X
w(x) = B1e* + Bye M 4 By + By 2)

X
u(x) = Cré* + Cre™ 8 + C37 +Cy
- Pbi vé6i thanh chiu nén:

V(x) = A coskyx + Ag sink,x + A3> + Ay

I
w(x) = B) cosk,,x + By sink,,x + B3§ + By 3)
u(x) = Cycosk,x + Crsink,x + C3§ +Cy

trong do
IN| IN| /
ky = EIZ; k= _Ely; ky = ki + ki = Kok, “)

trong d6 N 1a lyc doc ctia phén tit thanh; E 12 md dun dan hoi vat liéu; 1y, I, 1an lugt 1a cdc mo men
quén tinh cia tiét dién quanh tryc y va z. Cac hé s6 A + A4, B; ~ B4, C; +~ C4 clia phuong trinh dugc
xéc dinh theo cic diéu kién bién chuyén vi tai cic dau nit thanh. Chi tiét dugc trinh bay trong [6].
- Thiét 1ap ma tran d6 cing dan hdi phi tuyén ctia phan tif két ciu:
kW kW kuw
K¢ = kﬁ R &)
kWM kWM kWW'

trong d6, cic ma tran con niam trén dudng chéo chinh, c6 k& dén géc xoay 16n:

1
oD, \( 9D, \"
0
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1
20, (02D, \" ®,\ (6D, \"
kw—fElZ PO (FDu) N (0] (9D}
ox2 )\ o0x2 EI\ 0x |\ ox
0 (7)
1 D, \ [ v\ (oD, \T
o [ G (5]
0
1
2 ) T T
kww:f El, & 0 Dy _i 0Dy ‘%ﬂ dx
ox? ox? EIL,\ ox Ox
0 ®)

P9, (0w\( 0D, \T
+ | EAl—=— =] |—=—] 4
f (c')x)((')x)(c')x) *
0
trong d6 A 1a dién tich tiét dién phan ti.
Cac ma tran con lién hé gitta céc chuyén vi doc truc va chuyén vi ngang, tuyén tinh v6i chuyén

vi xoay:
F(9,) (o) (99,\
T _ ulf oV v
it = (2] (2) (2] o
0
P (90, (9v) (00,
=kl = | EA|Z) () Ex 1
aaw = K f ox J\ox/)\ Ox dx (10)
0
Ma trin con lién hé gitta cdc chuyén vi theo hai phuong ngang tucong ting:
1
oD, \ (w) v\ (oD, \
=k = | EAl—||=—]|+— . 11
iy = K f Ox J\ox/\ox/\ Ox dx (1D
0

- Phan tich két ciu theo phuong phap phan ti hitu han (PTHH):
Két cAu dudc phan tich theo tiing budc gia ting clia tai trong. Tai mdi budc, s6 gia phan ting clia
két chu AV dudgc xdc dinh theo phuong trinh cin bang tinh hoc:

K¢AV = AF (12)

trong d6 sb gia véc to tai trong AF bao gém cic thanh phan luc nit va luc phan bd trén thanh dudc
gia ting tuong ting véi tiing trudng hop tii trong. Dua trén su thay ddi trang théi ctia két cAu ma cic
tai trong nay ciing dudc thay doi tuong dng.

Quy trinh phan tich két cAu bién dang 16n theo phuong phap PTHH dudc hé thdng theo cic budc
nhu Hinh 4.

3. Xac dinh hi¢u @ng P-A theo tiéu chuin hién hanh
3.1. Theo tiéu chudn ABS [3]
Hiéu tung P-A dudc kéj dén qua mot 10 xo theo phuong tuong ting v6i hudng séng c¢6 dd cling am,
dugc dit tai trong tAm phan than cta két cau. Do cting 10 xo dudc x4c dinh theo cong thic (13).
Ky = - (13)
b L
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| Séligukétchu [—> Mo hinhhoakétchu |
v
| S6 liu tai trong |—{ Gan tai trong lén két céu |

Céc thanh phan tai trong 1an luot dugc gia ting timg

bude thong qua hé sb tai trong
v

| X4c dinh ma tran do ctmg cua két cau |

| Phan tich két cAu theo phwong trinh tinh hoc |

v

| Xc dinh lai hinh dang két céu, hé toa d nt |

_—| Kiém tra: Gia tri tai trong dat dén gia tri thiét ké |
+

K&t thuc

Hinh 4. Quy trinh phan tich két cAu bién dang 16n theo phuong phap PTHH

trong d6 W, la trong lugng clia toan bd phan than, phan chan tinh tf vi tri lién két tif than trd 1én; L 1a
khoéng céch tir diém dé chan tiép dt dén trong tAim phan than ctia két cu (Hinh 2).

3.2. Theo tiéu chudn DnV [4]

Hiéu tng P-A dudc ké dén nhu mdt luc ngang
dit tai trong tam phan than cta két ciu, xac dinh
theo cong thuc (14) (Hinh 5).

L e
L

(14)

trong d6 A la tong chuyén vi ngang tuong ting véi
hudng séng dugc xac dinh theo cong thic (15):

A = aley + e) (15)

trong d6 ep 13 chuyén vi ngang ké dén cac bién
dang cudng bic, trong trudng hop khong di s6
liéu thi gid tri ctia e0 c6 thé lay bang 0,005L; e
1a chuyén vi ngang do t6 hop tai trong moi trudng
tuong Ung giy ra, dudc xac dinh theo két qua phan
tich két ciu; @ 1a hé s6 hiéu ting phi tuyén, dugc
Xac dlnh theo C@ng thuc (16) Hinh 5. Hiéu tng P-A theo DnV RP C104

a = ; (16)

P
(1-%)
trong d6 P 1a tdng luc doc 1én 1 chan; P, 1 luc doc gy mit 6n dinh theo Euler ctia chan, x4c dinh
theo phu luc A2 cta tiéu chuidn DnV RP C104 [4].
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4. Kiém tra bén két cAu chan gian tu nang theo tiéu chuin AISC

Céc phan tir két cAu chan gian khoan tu ning chiu cic td hop luc nén ubn hoic kéo ubn, diéu kién
bén dudc kiém tra theo tiéu chuin AISC [7]. Cong thiic kiém tra bén dudc tém tit nhu sau:
- V6i phan ti két cAu chiu t8 hop Iuc nén udn thi ki€m tra dong thdi hai diéu kién sau:

C Cony
UC = ? + ’”}‘f”x + ’"}f”y <10 (17)
) (-7
Fex Fey
Uc2=i+@+@sl,o (18)
0.6F, = Fpy = Fuy
- V6i phan ti két cAu chiu t& hop luc kéo udn:
ve=day S I g (19)

F; Fpx Fby

trong d6 fa, fox, foy 1an lugt 12 ting suét gay ra do luc doc, md men udn quanh truc x va truc y cla tiét
dién thanh; F 1a gi6i han chdy cua vat liéu; F, va F; 1an lugt 1a dng suit cho phép chiu nén va chiu
kéo cta thanh; Fy, Fp, 1an lugt 1a dng sut cho phép chiu md men udn quanh truc x va truc y cla tiét
dién thanh; F,,, va F ;y 12 ting suat gidi han mit &n dinh cta thanh theo truc x va truc y; C,, va Cny
1a cc hé s6 anh hudng clia md men udn quanh truc x va truc y ctia tiét dién thanh. Chi tiét cich xac
dinh cdac dai lugng trong cac cdng thiic trén dudc trinh bay trong [7].

5. Ung dung két qua nghién ctiu
Tinh to4n gian khoan tu nang Tam Dao 05 véi cic s6 lidu diu vao dudc tém tit nhu sau:

5.1. S6 liéu két cdu

Két ciu gian khoan tu nang Tam Pao 05 (Hinh 6) bao gdm: Pé chan (spudcan), két ciu chan (leg
structure), két cAu than gian (hull structure), két cAu din huéng (lién két than va chan) véi cic sb lidu
dau vao tinh todn theo [5, 8, 9] dudc tém tit trong Bang 1.

Két cau dan hudng /?

i -< Két cau chan

Két cau dé chan

Hinh 6. So d6 tinh két cAu gian Tam Dao 05 bang phan mém SACS
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Bang 1. Cic thong sb chinh ciia gian Tam Déo 05

Thong sb chinh kich thuéc gian Gia tri

Do sau nude (m) 122

Chiéu dai chan (m) 167

Kich thuéc chan gian (L X B x D), (m) 70,4 x 76,0 x 9,4
Ki€u chan gian A
Khoang cach chan (doc X ngang), (m) 47,6 x 45,7
Hoat tai chiic nang trang thai khai thac (T) 3.766

Hoat tai chiic nang trang thai bao cuc han (T) 2.995

Tai trong than gian (T) 8.500

Tai trong dé chan (T) 1.082,56

5.2. S6 liéu méi truong

S6 liéu séng mé Thién Ung [10]: Chiéu cao séng & hai huéng SE (180°) va NE (270°) véi chu ky
lip 1 nim va 100 nim 12 16n nhét nén dugc chon d€ tinh toan. S6 liéu séng va dong chay dién hinh ap
dung dé€ tinh todn dudc cho trong Béng 2.

Bang 2. S6 lidu séng tinh todn cho 2 huéng nguy hiém nhit

Hudng 180° Hudng 270°
Chu ky Ip : .
Khai thac Bao cuc han Khai thac Bao cuc han
Chiéu cao song Hmax (m) 6,10 9,40 10,60 15,5
Chu ky song T (s) 6,20 7,40 8,90 12,40
Van tde dong chay mat (m/s) 0,71 0,83 1,06 2,17
Vin toc dong chay tai do sdu 50 m 0,36 0,47 0,76 1,53

5.3. Két qud tinh todn

Thuc hién mo6 hinh héa va phan tich két ciu chan gian khoan t naing TAM DAO 05 bing phan
mém chuyén dung SACS 5.8 theo quy trinh tinh toan dudc trinh bay & Hinh 4 v6i 4 md hinh: (1) M6
hinh tuyén tinh khong ké dén hiéu ting P-A; (2) M6 hinh phan tich két cAu c6 bién dang 16n; (3) M6
hinh c6 ké dén hiéu ting P-A theo tiéu chuin ABS; (4): M6 hinh c6 k€ dén hiéu dng P-A theo tiéu
chuin DnV.

Trong phan tinh todn dp dung nay chi xét bai toan tua tinh. Chu ky dao dong riéng 16n nhét cta
két cAu tuong ting vdi trang thai khai thac 12 10,421 s va trang thdi bio cuc han 13 10,724 s. Tir d6 hé
s6 dong dudc xdc dinh theo [3] tuong ing vdi trang thai khai thac 14 2,465 va trang thai bio cuc han
12 3,577. Céc hé s nay dudc st dung dé hiéu chinh ti trong séng nhu mot hé sd vuot tai.

Két ciu dugc ki€m tra bén theo tiéu chuan AISC, di dudc trinh bay trong muc 4. Két qua kiém tra
bén ctia mot sb phan ti nguy hiém nhét ctia két cAu chan gian st dung phin mém SACS dudc tém tat
trong Bang 3, Bang 4 va dudc tdng hop so sanh & do thi Hinh 7; két qua riéng ctia 01 phan ti (phan
tt 0BVJ-0BV'V) dugc thé hién duéi giao dién hinh anh & Hinh 8 va Hinh 9.
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Bang 3. Két qua kiém tra bén két ciu chan gian trong trang thai khai thac

Két qua UC

STT Phan ti Tiét diéen T6 hop
M6 hinh (1) Mo hinh (2) Mo hinh (3) MO0 hinh (4)

1 0627-0BV] CHB OP02 0,34 0,36 0,36 0,48
2 O0BUF-0BUR CHB OP02 0,35 0,37 0,37 0,48
3  0OBUU-0BVG CHB OP02 0,35 0,37 0,36 0,48
4 OBVG-0OBUF CHB OP02 0,36 0,38 0,37 0,48
5 O0BVIJ-0BVV CHB OP02 0,35 0,37 0,37 0,49
6 O0BVV-0BUU CHB OP02 0,35 0,37 0,37 0,48

Bang 4. Két qué kiém tra bén két cAu chan gian trong trang thai bao cuc han

Kétqua UC

STT  Phantd  Tiétdién TS hop - - - -
Mb hinh (1) M0 hinh (2) M5 hinh (3) MB& hinh (4)

1 0627-0BV] CHB STO02 0,53 0,63 0,60 0,64
2 OBUF-OBUR CHB STO02 0,56 0,66 0,63 0,66
3 0BUU-OBVG CHB STO02 0,55 0,65 0,62 0,65
4  0BVG-OBUF CHB STO02 0,56 0,66 0,63 0,66
5 0BVJ-0BVV CHB STO02 0,55 0,65 0,63 0,66
6 0BVV-0BUU CHB STO02 0,56 0,65 0,63 0,65
05 0,7
2 045 f@' 0,65 | M
& o4 g 06
él) '\—M\'- = %0
3 035 %_._,A._F £ 055 /vovo
“; 0’3 T T T 1 &(8 0.5
= «=¢=M5 hinh (1) ==M5 hinh (2) = «=¢=M5 hinh (1) ==M5 hinh (2)
M hinh (3) =><=M3 hinh (4) MBS hinh (3) =>=MS3 hinh (4)
(a) Trang thai khai thac (b) Trang thdi bao cuc han

Hinh 7. Két qua tinh kiém tra bén két cAu chan gian

Panh gia két qua tinh toan:

- Két qua tinh toan kiém tra bén theo ly thuyét phan tich két cAu bién dang 16n (M6 hinh 2) va theo
tiéu chuan ABS (M5 hinh 3) 12 kh4 twong dong nhau va cling 16n hon khi khong ké dén anh hudng
ctia hiéu ting P-A (M6 hinh 1) khoang tit 6% dén 18%.

- Két qua tinh todn theo tiéu chuian DnV (Mo hinh 4) 12 16n nhét, chénh tit 20% dén 31% so véi
khi khong ké dén hiéu ing P-A. Nguyén nhan giy ra do léch kha nhiéu nay c6 thé dugc 1y giai 1a do
mot sb thong sd st dung trong tinh todn Iuc ngang H dai dién cho hiéu ting P-A dudc x4c dinh theo
kinh nghiém ctia cc gian khai thac trong diéu kién bién Bic, 1a khic nghiét hon so véi diéu kién bién
Viét Nam.
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(a) Mo hinh 1 (b) M6 hinh 2 (c) M6 hinh 3 (d) M6 hinh 4

Hinh 8. Két qua kiém tra bén phan tit 0BVJ-OBVV trang thdi khai thac

15S°0
159°0
AAF0LALO

N AAE0LAHD
N
0£9°0

AAG0-LAC0
£99°0

AALO-TAL0

N

N

(a) M6 hinh 1 (b) Mb hinh 2 (¢) M6 hinh 3 (d) Mb hinh 4

Hinh 9. Két qué kiém tra bén phan tif 0BVJ-OBVV trang thai bdo cuc han

6. Két luan, kién nghi

Viéc k€ dén 4nh hudng ciia hiéu ting P-A khi phan tich kiém tra d6 bén clia gian khoan tu ning
khai thic trong diéu kién bién Viét Nam, dic biét 1a & khu vuc c6 do sau nudc 16n hon 100 m 1a
can thiét.

Ap dung phucng phap phén tich cia céc tiéu chuin 1 don gian hon va cho két qua an toan hon so
véi phan tich tong thé két cAu theo ly thuyét bién dang 16n.

Phuong phap phan tich theo ly thuyét bién dang 16n 1a phuong phap tng quat, phan anh diing 4nh
hudng ctia hiéu ting P-A dén tiing phan ti, tuy nhién khi 4p dung trong phan tich dong luc hoc s& gip
khé khin do tinh chat phi tuyén ctia két cau.

Phuong phap phan tich theo tiéu chuian ABS thay hiéu ting P-A 1én két cAu chan bing céc 10 xo ¢6
dd cling Am dit tai trong tAm cda than tuong Ung v6i cac huéng tic dong clia diéu kién mdi trudng,
v6i ¥ nghia 12 1am giam dd ciing cta két cdu chan. Do hé van dudc coi 1a tuyén tinh nén chua phan
4nh chinh x4c su thay d6i trang théi chiu luc thuc té trén ting phan t do hiéu dng P-A giy ra, tuy
nhién phuong phép nay c6 th€ dp dung dé dang khi phan tich dao dong riéng va phan tich dong luc
hoc két céu.

Phuong phép phén tich theo tiéu chuin DnV thay hiéu tng P-A bing mot tai trong ngang dit tai
cao do trong tAm phan than. Vé y nghia vat ly thi phuong phap nay gan giéng véi tiéu chuin ABS, tuy
nhién c6 khac biét 1a da ké dén hiéu tng udn doc theo Euler va ké dén chuyén vi cudng biic do céc
bién dang khong dong déu gitta cac chan. Nhugc diém ctia phuong phap 1a khé xt 1y khi phan tich
dong luc hoc do tai trong bd sung 1a tai trong tinh. Mit khéc gia tri chuyén vi cudng biic kho xéc dinh
cu thé va cdc gid tri ude lugng 1a dua trén diéu kién khai thic & ving bién Bic.

Do két cAu gian tu nang thudng c6 chu ky dao dong riéng 16n nén viéc tinh toan theo md hinh
dong luc hoc 1a phit hgp hon mé hinh tua tinh. Nhom tac gi dé xut hudng nghién ciiu tiép theo 1a
phan tich anh hudng ctia hiéu ting P-A khi phan tich dong két cAu gian tu ning.

54



Tuén, D. P. va cs. / Tap chi Khoa hoc Cong nghé Xay dung

Loi cam on

Nhém téc gia chan thanh cAm on su hd trg tai chinh clia trudng Pai hoc Xay dung cho dé tai ma

s6 185-2018/KHXD-TP. Bai bdo c6 trich din sb lidu gian cho phan tinh todn dp dung sb tir Dé tai
Cip Nha nudc do PGS. TS. Pinh Quang Cudng chii nhiém [5] va tham khao cdc tai liéu, cdc nghién
clu cla cdc tac gia khdc. Xin chan thanh cdm on céc tdc gid, cdc co quan, to chiic lién quan.
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