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| Tension Leg Platform design 1s a challenging and popular area of research in the offshore oil industry. In order to compete in the
International Student Offshore Design Competition (ISODC), a Tension Leg Platform (TLP) was designed. Our TLP design
Buoyancy and Stability, Global Loading, General Strength and Structural Design, Risk Assessment) and three specialized areas
of technical competency unique to a Vortex Induced Vibration (VIV) optimized design (Hydrodynamics of Motions and Loading,
Fatigue Strength, and Structural Analysis: global and local strength).
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EN— MEG BROGAN and KATIE WASSERM AN, Massachusetts Institute of Technology
addresses five fundamental areas of technical competency (General Arrangement and Overall Hull/System Design, Weight,

Our design optimization process begins with a four-caisson, four-pontoon tension leg platform, operating at a depth of
3,000 ft. Hydrostatic and hydrodynamic analysis for design iterations are performed by our own MATLAB script, WE I GHT, B () UYAN C Y, STAB IL ITY GL O BAL L OAD IN G ’ ST REN GTH

J which calculates the effects of motions due to Vortex Induced Vibration (VIV). Structural analysis addresses fatigue . P J I I I I P J

N loading from VIV. Our design includes risk-based analysis and conforms to class society rules and regulations. VIV . nghtS A D STR C T RAL D E S I G

. phenomena cause uncontrollable motions of offshore platforms, as well as fatigue damage and failure of components total topside weight 20502 tons .

al : , ) ) . The global loads on the structure are weight, buoyancy,

: such as cables and risers. The effects of VIV negd to be addressed early in the design process to avoid costly platform hull weight 12054 tons System Forces and wave and current loading. The structural components "
. damage and costly retrofits, such as hydrodynamic strakes for platform tendons. tendon weight 7500 tons total hull displacement 51230 tons of the TLP are made of steel. The critical structural

y 1 1 h 36306 T 473 components of a TLP are the tendons, foundations, ale

: total vessel weight tons total buoyancy 9478 tons caissons and pontoons, connections between columns

N

N

total weight with 15% margin 41752 tons tendon tension 790 tons and pontoons, deck girders, and connections between
the deck and pontoons. Because they are long columns,
- N atural Fre quency N atural P eri 0 d Effe ctive StiffﬂCSS the tendons are subject to buckling. Tendon pre-tension is

—— a static, permanent load on the TLP foundations. Environmental loads such '
heave 1.54 x 10" lbs/ft as wave loads and currents are variable loads, and lateral inclination of the
pitch 5.10 x 10" 1bs/ft tendons causes lateral loads on the foundations. The TLP caissons and pontoons

Map of Elements 1 .9 rad/s
2.5 7 S -
| ;%?)1 DI V I 1 A DI A pitch 0.2719 rad/s . . Sons
LRy /}} 'f 10 1 are orthogonally stiffened shells. The caisson shells have a cylindrical
g shiscemets and lo roll 0.2719 rad/s roll 5.10 x 10" Ibs/ft . -
R O ALF “i%‘;ii%i@i%i%"w Bt 00000 : - cross-section and the pontoon shells have a rectangular cross section. The
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1 R ™ E@;:.;g{gei%.{%#l%é%{nw uch as Abaqus. In finit stiffened shells are subject to buckling failure under compressive loads and

Vi, Ay g“;": . . . . .
wﬂrq‘.'vi’%‘-’-ﬁ%!%'i S_UCh as a plate . bez DlSplaC ements Added Mass yielding under tensile loads. The stringers and attached shell plate may buckle
ato discrote S caissons 33740 tons pontoons

il
:—vaiargﬁn@g%{!ﬁ iangular and recta -
pontoons 16657 tons caissons 612840 slugs
‘ tendons 833 tons total 1773000 slugs

~
‘%"%‘%ﬁ% ded mesh" wher !
sl 'h#ﬂw » is alw?lys pre . . .
ﬁfﬁéﬁﬁ@\h&\\\\\@ Radius of Gyration Moments of Inertia GENERAL ARRANGEMENT
' superstructure | 91.88 f superstructure | OVERALL HULL/SYSTEM DESIGN

i% advantage of t
deck 61.25 ft deck 2.63 x 10°1t 4
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Ca1ssons 33.25 1t Ca1sSsons 1.67 x 10" ft A TLP 1s a compliant, free-floating offshore platform
exposed pontoons 44.63 ft exposed pontoons 7.42 x 1010t concept. Unlike fixed offshore platforms, compliant Superstructure

VORTEX INDUCEKI]
16.62 ft platforms respond to external effects with motions.

A TLP 1s compliant in the horizontal degrees of freedom,
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116010 slugs together, the panels themselves may buckle, or the shell plating may buckle
locally, while the stiffeners remain stable. The deck girders, like the stiffened
shells, may buckle or yield, but are not subject to external water pressure.
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sheilded pontoons sheilded pontoons

. . surge and sway. In the vertical degrees of freedom, a
Operating Environment . egrees
p S aterplane Area = 138973 ftZ TLP is fixed. The feature that distinguishes a TLP from
sea state S other moored platform concepts is its reserve buoyancy.
: > H 5 ft Because the buoyancy of a TLP exceeds its weight,
— : :
e ural T 0.65 rad/ vertical moorings called "tendons" keep the TLP
y — natutal 1requency 09 1ad/s vertically stable and control heave motions.
Our TLP design 1s based on Shell's Brutus TLP
. Source 1: Current Profile ’ ’ in the Gulf of Mexico.
Current Loading Hydrodynamic Analysis
0.00 Ii ]3 .
0.o0 0.e0 0.0 Ok 1.40 160 1.80 2.00 . . o
- : Fatlgue Llfe Brettschneider Spectra: Vessel Transfer Functions Below Caissons
flow separtation force on te 3® N : - ; :
100.00 - L % k. A A S
15000 1 The forces that the mooring and production systems
(tendons and risers) are exposed to are understood and - Storm
-200.00 controlled to a much lesser extent than those in the hull ' ‘ 3 Cumt & 851.5 2
— e | [0 1 55 r = Event
= _Hedj ;E der::remE _— and superstructure or pilings. These forces are E Rabcad | 10 .
g 0 Mormal Operatian related to the random set of currents and environmental & / 2 E’JE 0o . ;
- Eddy Current Event situations that will occur over the life of the system. :’;‘L { '"‘_: orc » N g § e N, | S S .............. e e s s
These structures must bp des% gned against rogue - | 3 . | | . Bl POIltOOIlS
350,00 currents and storms which might only occur once every [ g . e g g
100 years or more, but pose serious environmental, ) \ | 2 e | — ' :
~H0iL safety and economic threats. _ "| ‘ ’ll' | ;? Curvet
. W 3 ) i
snonl 18 | Engineers must understand and model the full ‘,"‘\'ﬁ]ﬁ 4‘;‘ "ll A\ 0 ve
| range of possible environmental characteristics, then N @Al O A VS Eay ) -
: . W 00 600 800 1000 T e - :
500,00 model the response of the system in these situations “ : Redocad e h_ oo
. . Depth (m) . g{;‘:ﬂe ' R
Current Speed {m/sec) to ensure proper safety factors and fatigue lives. F Depth (m) o1 : :
‘ I ‘ I ‘ I ‘ I I ‘ I The TLP after which our designwas U RIE Eoi — :: . B s s (R N o _
VIVA INPUT AND OUTPUT FILES AND DESCRIFTIONS M aximam DISPLACEMENTS 1?'|1EI|§:;|I;|I1;1| Nones For Eacn CURRENT modeled, Shell Oﬂ's "BI'UtU,S", iS kIlOWIl to have had 3 REas | tendons
input Files Description S RN ) fairings retrofitted onto its risers based on problems e 1 : 1 r s ;
' i, i s Problem . O . . . . Noo-
Risdyn.dat | Tendon Tension, current profile, damping coefficients i “"“-‘I'-:ll':_‘;:":“'-"”l ljlﬁljlli?r;f:11CI1l Moge that it dld L faCt eXperlence Wlth VIV lnduced fatlgue° e
Rignte.d. Riser Properties: length, number of segments, Normal Operation 3l 16 4 For the deSign Of our TLP) Computational analyses Of ) =
BN domed= =8 oL o y s the response of the tendons in varying currents was = | ST I, 000909000 peeeespiedeeseesbeesssesndoseed 0 T
- il Houndary fageps | N . N i ﬁ carried out using two sets of commercially viable VIV ‘ 5
Risfat.dat e T 3| "x':.il_?:]lfl A= COjcengr .I::L}I LII|I||..I1l . - i | Codes. VIVA and Shear7 ,EJ \ ’ ’ ‘I 4-r ‘ ’ y “ By Modal and Multi-Modal Bending Moments and Stresses for Eddy Current $7 ly e o i e L
Tells VIVA whether to ..: -.l'u ate natural frequencies I |-|'-"-‘-“"~1.'-3"'-l|"-"|"'-" - 40 . . - . - 5 I ’u:: | ' vent Condition
Mode.der | Tels VIVA whether o cl Jﬁmr@ al frequencie Sorm ] The first and most important part of the process 1s = | l | ) l \ " f | « z | 1) ) | l \ ‘. | I ‘ - ,
' OTC 8045 2 49 7 : , - : 2 - A E | Mult- - | Moda Moda
Outpit Files J ; to obtain quality current profiles for varying currents, in [ | “ ”‘ ”‘ | “‘- ‘i'"| \ = 2 '. “ ml ",‘ ‘F jul | ‘r'l" 1\ . o ol | Bendine | Swess 1
Barli dat Siress response and lwn-.ll-ling Inmments as a function of O 8606 = o and/ar 5 Order tO See the dynamic I‘esp()nse Of the tendons in the /I j‘liii‘l ,i |.r il'l ’ll ’ IIiI" | ,'|| I“'” \ . l L | | ‘"iﬂli'i',lill'b l“"ll”l'1lliiiul'l'jili!ll ,' :. ) }.i:_an-.mﬁ F:I'I':: - |x,‘l'L|:I-."|I:m I"Li]l]. e \',F,-'\Hrl pl lngs
Bend- Multi-frequency stressp|'c.~a|.ml1se and bending Typhoon - 3 3 largeSt CI‘OSS—SeCtiOIl Of enVironmentS pOSSible. Elght ] ;14 I_:-""1:'il:'!',’-f;;lﬁ'_'."‘.': 1,'_' ;:'II.‘:!I iJ"I, l'il 'L L h 1':;|; r:.' i*;:'-‘ / 2] h\..‘:||“:|'lilrsl::If’:“!t l"l'lfl'l':";l'.;.i'lll',"t? Eé Normal -
||'|-1|1'|.1I-.1l nmn|1..:n.L~: nsl-.-1fﬂlnult||:||n l'..‘lfdep[h MR ohoon 27 63 5 cutrent proﬁles e used in o analyseso The cur e Jat e I O A N o Im MU ' e, Operation 6.5 x 104 4.3 % 106 S x 105 8.7 x 106
“at.out atigue e calculabions
1 profiles (the 100 year storm, reduced extreme storm, Depth (m) wovear foxios | 13sx106 | 425105 [ 28x 106
- " normal operation, eddy current event, OTC 8606, de RI S B AS SE S S ‘\/l E ‘ \*‘ | I '
Out- - : . ‘urrent T 105 A2 x 106 08 x 105 | 80x 106
mm. dat Multi-treqyency metions reep onse OTC 8405, Typhoon and Non Typhoon) are published e T 108 x 10 |
in the Offshore Technology Conference (OTC)
proceedings. After obtaining a sufficient array of E £ o e T £
" : = 1es0as | 2ax 103 " pt 2985 ft.
current conditions, the next step is to prepare the = £ R Al L L . o .
input iles for the hydrodynamilz codepVIIDVA g i Determining risks and managing risks are two separate processes, once aware of your potential hazards, it 1s imperative that hull breadth 254 ft.
2 : B E:E OTC 8606 35 x 103 24 % 106 T.6x 105 53 x 106G . . . . . . .
The authors would like to thank our faculty advisor, VIVA requires a set oLt Ic T IR CiEE s ’ offshore engineer I}as a system. which mqnltors .the Ves§61 ope.ratlons S0 as to warn against impending problgns. To ensure | draft R5 ft.
: : , . : : . 5 5 teoboon | x1os sacios | 1ecios | 110w 106 that a vessel, TLP in our case, 1s performing satisfactorily during operation, operators make use of barrier diagrams, Bow-Tie : ,
Professor Michael Triantatyllou; Professor Kim the physical and material properties of the tendons, = = 4 . . . . . e . . caisson diameter 66.5 ft.
: : : : »n £ = | analysis and criticality reviews. Bow-tie analyses are where one connects a primary event with its potential consequences, threats, preventative
Vandiver for Shear7 and mechanical vibration the boundary conditions, and the currents. = = Non- 10 | 7c10s 1 ase 105 | 17s 10 . C . : heicht 166 ft
u R . = Typhoon S mu I measures and recovery measures. The operator must monitor the mechanical integrity of the vessel as well as the SHE (safety, health and calsson neig :
consultation; Dr. Dave Burke and Yingbin Bao for | Once the input files are properly generated they . i . . .
: L : : environment) systems. Control measures, to prevent occurrences or mitigate problems, are linked to something called a platform SMS pontoon width 35.5 ft.
structures and Abaqus instruction; Micaela Pilotto | can be fed to VIVA which then produces an R Most all o nlatf h fih . R h d throush th h he kev barri
for Abaqus instruction and consultation: the MIT extensive set of output files. The first set of results (sa e.ty management system). Most all operating platforms have one of these systems, in one form or another, and through them, they manage the key barriers pontoon height 23 ft.
! P to failure and the performance standards of the vessel
Department of Ocean Engineering for supporting is the overall motion, first with the separate modal P ' tendon diameter 2.6667 ft.
the design team; and our contacts in industry: responses graphed independently and then the full tendon wall thickness 105 ft
Peter Young of Shell Exploration and Production spectrum response. ber of tend B
Company; Dr. Steve Leverette of Atlantia Offshore, NIUMDET 01 tENCONS

Ltd; and Chad Musser.




