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An Introduction to TLP Tendon Body Design
Deok Su Kim'*
Ship & Ocean R&D Institute, DSME Co., Ltd.”

Abstract

Global strength check for TLP tendon body can be estimated based on maximum
tendon tensions and bending moments, which are resulted in TLP global performance
analysis. Final tendon length, especially thread length on Length Adjustment Joint, is easily
calculated with water depth at TLP in—place location, TLP lock—off draft and unlocking
length of tendon bottom section. And LAJ thread length, which is locked with TLP top
tendon connector, should be carefully determined with tendon design and installation
tolerances.

% Keywords : TLP tendon tension & bending moment (TLP EIE X2 2 Z[BJUE), TLP lock-
off draft (TLP & X1 &4), LAJ thread length (LAJ LIARS 2101)
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2. TLP Global Performance Analysis
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2.1 B B@ Hel(mean offset)

A dlis(steady state analysis) FEE0f
AZol= FE & otE0 2Ast HE AX(mean
equilibrium position)E o) feiAM B ESICt
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M= B && StE(mean drift wave, mean
wind, mean current) OI2INE E= 2129 X,
Xgr &at, TP &XIAl 2F(mispositioning) &

S
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TLP OI2 otR2AL B=2(air gap)E FASIBHCL

B 2t X(low tide)= XA X, 223 Y TLP

24 2 (horizontal offset)2 2ZtAAIZ|l= S0

UCH SAHIA =88t Kizomba B ETLP OIAE
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gt Fsh(subsidence)= EIE O =
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gidel JIx Te(foundation pile) AXIAl

2 F(mispositioning)2t DAZI0F dte0l, @
dXIAS X XU QoM L= g@d
ol Hgte A(1)2 FOHACH

o= EA4, ¥ (1)
misp L2 misp mean

E =young’ s modulus

A,  =tendon cross section area

L = tendon length

X iy = @mount of misposition

X ean = TLP mean offset

mean
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oT, +T, oI, +T,,oT.,.)

(2)
T

aar = Static tension

= mean tension due to pretension and
mean environmental forces + tension
measurement  uncertainty allowance +
foundation misposition allowance
T,.. = maximum first order wave frequency
tendon tension
T @i = Maximum low frequency wave drift

induced tendon tension

T, = maximum low frequency wind gust
induced tendon tension
T = maximum resonant frequency wave

res

induced tendon tension

T, = maximum low frequency tendon tension
including drift and wind effects

Coeff = calibration factor between low
frequency and high frequency
components, correlation factor derived
from model test

Kizomba B ETLP _J GP A0 28 =4,
TLP 2 HE 2X &=, 6i8 2Z4 ¢ dds
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Table 1 Key design basis for tendon design

TLP Tendon Body &H AJM

Table 2 Detailed tendon design loads

. " A Pretension | Desgnload | Capacity
. R Design Condition
Key Design Basis Qty Remarks Category | (tons) | (tons)(% capa.) | (tons)
1[Water Depth 1011.8fm gﬁ“dﬁi’ﬁi T =
erating: Post-FPSO, fitac "
2[TLP n-place Draf 34.5m -vear Swell and Vs A I I I
3|Displacement 53,662|tons Extreme: Post-FPSO, Intact, 8TIR T 1567 2204 315
4|Horizontal Offset Limits (Pre-FPSO) 100-vear Swell and Waves (73%)
- Survival: Post-FPSO, 8TTR, 1-tendon w5 1764 2422 558
Exireme Design Offset 37% WD 37Am | flooded, 100-year Swell and Weves (63%)
Extreme Operating Offset 0.6% WD 6.1m| {Tendon Top Connector
5|Horizontal Offset Limits {Post-FPSO) OpleraﬁngISPosh-FPg%hhtacL 8TIR " 1567 (gﬁg 9579
- -year Swell and Waves
Extreme Design Ofset LOPWDL 405 fyome o FPSO, biach STIR N I T B
Extreme Operating Offset 1.2% WD 12.2m| 100-vear Swell and Waves (74%)
6l Tendan Le 986.12 Survival: Post-FPSO, 8TTR, 1-tendon o 2422,
endn Longth. u fooded, 100vear Swelland Woes | > | 1 | aw) | ¥
7{Tendon Dimension Tendon Bottom Connector
Top & Bottom Section 32" ODX 1.45" WI Operating: Post-FPSO, btact, §TTR " 547 1936 -
Intermediate Section 32" OD X 1.40" WT) 1-year Swell and Waves (81%)
- Extreme: Post-FPSO, Intact, 8TTR 2004
8| Tendon Dry Weight 5,962|tons 100-year Swell and Waves B 1567 73%) 2883
9{Tendan Wet Weight 1,606|tons Survival: Post-FPSO, 8TTR, 1-tendon I~ 1764 2222 3604
10{Tendon Design Load flooded, 100-vear Swell and Waves (62%)
- — Tendon Intermediate Connector
Operational C().n'dlhm (A 2136{tons peraing Fod-FES0, hizc, §TIR " - T -
Extreme Condition (B) 2294ltons 1-year Swell and Waves (96%)
Survival Condition (S) 2422|tons Extreme: Post-FPSO, Intact, §TTR o 1567 (2294) 2046
- - 100-year Swell and Waves 78%
Mamm. um Bendfng Moment(A) 118.5|KNm Sl Ft-FES0, §TTR 1 endon S -~ " -
Maximum Bending Moment(B) 197.5|KNm flooded, 100-year Swell and Waves (65%)
Maximun Bending Moment(S) 131.5|KNm
M2 S(EA 61 )0 AMstD AWM HIIME A &XA 2Xs HEHL Af2E 24T
MEFBICE Length Adjustment Joint(LAJ)2l SXH0IA BIEA|

3. Tendon Body Design
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Ded=o Xedl, o2ide e XA 2F(pile
mispositioning tolerance), T+
elevation tolerance) % I
verticality tolerance) S0! RUCh
SAHUM DHLXE HE2

depth measurement) %

2!0l(tendon fabrication)®ll  CH
OIS0l CHSt 42 4 BUA CIE

o -
0z
4L
10
Hir
o
ST
)

T (pile
ool el
4 EF(water
BlE QEA &H
g Xt UALCH
Ct.

3.2 Utilization Ratio Check
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Tmax
o, =
An
Mmax‘Do
O, =
21
NSS = Lo 4 M0,
4, 21

n

UR - utilization ratio

SFy = safety factor on vyield stress for the
design criteria

SF = safety factor on ultimate stress for the
design criteria

T = true wall tension in pipe at section being
analyzed

M = global bending moment

o, +0, = net section stress(NSS) = axial
stress plus global bending stress

1 =moment of inertia
A, = cross section area
D, =outside diameter
D, =inside diameter

1

3.3 Collapse Interaction Ratio Check

HIGN X2sl= &2, QHE L QU Ao
gt el IEH=M, ol U39 IR
(collapse interaction ratio)0ll 2/oHAl ZESIC).

IR =4+ B +2v|4|B <1.0 (4)

IR = collapse interaction ratio

A4 = (o,+0,)SF./F,

B = (oc,)SF,/F,

V' =Poisson’ s ratio = 0.3

SF, = safety factor on axial stress for the
design criteria

SF, = safety factor on hoop stress for the

design criteria
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Tmax
c, =
An
Mmax DO
o, =
21
O. = max [
’ D, - D,

n  =5-4F, /F,

F,, = citical hoop buckiing stress
= F,, fo F,, <0.55F,,
elastic buckling

- 0.7F,(F,, /F,)"* < F,,

for F,, > O.55Fy,

inelastic buckling

F, = 0.88E(t/D)* elastic bucking
stress

E  =modulus of elasticity

I = moment of inertia

A, = cross section area

D, =outside diameter

D,  =inside diameter

t = tendon wall thickness

Table 1 O =0HN= 229 =M

S ZHEN CHE UR/IR &tE2 FE £ UA

S0

3.4 Tendon Fatigue Design

e HICIO Tis 25 ZEJE OIRU A R|ile
oiat  AEHOI  CHEE  AtES(weather  scatter
diagram), &St S-N T2 =40 Sl6hA
BHO L2 =F0| HAEC
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oz =H3g Hsstlh e 252 88 A
SCF & Hgo SN MEA 2% S
Jefotd FollXll, &10=2 Kizomba B ETLP &l
Hiolel 7 mz %2 250 425 4
10)0IALH.
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e
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=
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1) SCF (girth weld)-1.15
2) Wall thickness correction factor—1.022
3) Angular misalignment correction factor—1.05

Total SCF=(a x b x ¢)=1.23

ol elHol Az st 2X(girth weld)ol
8t =2 TE ol ad(crack growth approach)2
+8giob st=d, Ol Z&E: Jiss =g
3Ji(detectable crack size)E ZXal)| & 0{CH
ol0l CHEE KAIst A2 CHS Jlgi2 0IRJig
SHC}.

Ol&1 20| TLP GP &8 Solol FolXleE
HEHO zI0) 2 BIEH MEA X, AXIAl

3 2 g4 sitlg F4dt
AEE B0 ELL

4. LAJ Thread Length

TLP EICiol %= 20l= &X i a1
TLP & &X &=(Fig. 2), 8IH bottom section 2
unlocking length(Fig. 3) S2 Ddot0 2HE £
QUCH Fig. 1 OIA 20HXE XXM SX ZOIE
(installed depth (1) & installed depth(2))0il
CHotel o, eIH MI 20|18 2HE £ UCH

LAJ = & B9 top section 22 TLP Ol &
XIEl top connector o EEHSZ ZEH(lock—off)
Ol 01RO XIE B=201dl, Fig. 1 o 2 0lA XIAIB
SO

TLP hull depth = 11.5m
Designed LAJ length = 12.7m

TLP Tendon Body &3 AJM

Table 3 Dimensions of tendon components

Dry Wet
Tendon oD WT |Length
Weight | Weight
Components (inch} | (inch) | (m)
(mt) | (mt)
Top LAJ 22 3.50 12.7 11.3 8.0
Section| Top Body| 32 1.45 | 44,22 | 32.2 8.1
Main Body 32 1.40 790 | 543.5 | 123.1
Bottom
Bottom 32 1.45 136 96.5 | 24.1
Body
Section
BTC 22 2.50 3.2 11.9 9.8
Nominal Design
Weight w/o 695.5 | 173.1
Margin
Design Weight
495 | 26.9
Margin
Total 986.12| 745 200
MSL
327 Unifarm OD
t Weight=200 tonnes
Install Depth(1)
Lock—off Draft
34.96 m
TTC
3.6m |KEEL
Top Section ||
F
H
§ Main Body
- Section
=
i
Bottom Secﬂ)n
BTC

Instail Depth (l2)

Pile Stick—up

A,

A7 72

Fig. 1 Tendon configuration
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Install Depth (1} in Fig. 1 ;

Top of Tendon ® = TLP Lock-off draft ~ TLP
hull depth @ — LAJ protrusion = 34.96m — 11.5m
- 0.087m = 23.373m

Install Depth (2) in Fig. 1;

Minimum required unlocking length = Unlocking
length @ + Margin 300mm = 2.008m + 0.3m =
2.308m

TLP 2p HIEe) ZEE TP Ol U= top
connector @t LAJ 2 LtARS (thread)Oll 2I6HA]
Z80l OIF0XI=d, olof st FH&Est <X
SAH(TLP lock-off position)2 OS2 SHAHE
MmEC

LAJ Of CHet ZHE <Rdide TP &X
HAUMAL =& EHO CHst X, @Y HEA
X & O EXIAl A S01 DA EICH

Water depth measurement tolerance A = 300mm

Tendon fabrication tolerance B = 300mm

Foundation pile installation tolerance C = 300mm

Tendon porch elevation tolerance D = 50mm

LAJ design tolerance = A + sgrt(B™2 + C™2 +
D"2) =727 mm

TLP £XIAI0 2eEHAKs 2= LA ¢
A0 BHAEOOF otedl, Gse ZUs2
TLP o &X SHZERH Us = ULHL

TLP installation tolerance E = 330mm

TLP heel angle tolerance £ = 29mm

Draft measurement tolerance G = 44mm

TLP installation draft tolerance = E + F + G =
403mm

0l SOl TLP 2 |IE0l Z& (lock-off) E1D]
FohAE EXA H ZAHUNAME 2 S
2HOLOF B2, TLP 2F EIF0] Z& Zols 8ol
@,’éa I H=0| JIoHMOr 6te=2 TP & =S
2o ENHN S AEE ot =0 ZA0A
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Top of Tendon

®

Top of Latch

38 TLP o BTN =D| FHE =I| <510
2= 42 34.956m ACH, TLP 2 2T &
£ 34.5m AL

High tidal effect = 1000mm

Free flooding motion = 800mm

Maximum allowable down stroke =1500mm
Final draft adjustment = 1534mm

Depth of pivot latch = 250mm

Design margin = 360mm

LAJ cap length = 71 1mm

-

ro

FIMA 2old gtsES Ush & oz
TLP 2| top connector & Z&&le LAJ thread
length 8 Z2&& =+ AUCH

LAJ top of latch = 711 + 727 + 1000 + 800 +
1500 + 1534 = 6272mm

Require LAJ thread length = 6272 + 250 + 727 +
403 + 360 - 711 = 7300mm

ES

[Ion



Top of Pile ;N

@

J

Unlocking Position N

Fig. 3 Tendon locking position with pile

JCHXFE‘E-JE' ss of TLP o EIEt
BCol m@ YT AE ¥ W2 4¥ S8

TLP Tendon Body &H A4

(lock-off draft) S& 102i5t0{ EIE HICIQ
21018 ZJE = Y1 Sal, dd sioe
P20l A=, TLP 2 top tendon connector @
&= LAJ thread 220 st 2018 84
PAl @It E O ZXIAl X SS DE6e

& 1 g
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