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Fatigue analysis of helideck structures

Sangik Jeont-Simkwan Oh-Jisun Roh-Bongjae Kim-Kibok Jang
Central R&D Institute, Samsung Heavy industries,

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons.org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

This paper presents fatigue analysis of helideck structures located in FPSO, After FPSO is moved to the target position where
production of resource is performed, FPSO stays at the target position and performs production of resource, storage and off—loading
during the design life, Helideck structure is located in FPSO essentially for the movement of personnel and life rescue at emergency
situations by using helicopters, Because inertial load induced by FPSO motion and landing and taking—off load of helicopter occur at
helideck structures cyclically, helideck structures should be designed to withstand fatigue loads, Therefore, The fatigue assessment of
helideck structures should be performed with fatigue loads, Effect of stress concentration due to misalignment between welded plates is
considered in fatigue assessment additionally.

Keywords : Helideck structure (2|02 #X=), Inertial load (#4 5E5), Landing and taking—off load (0|25 35t5&), Stress
concentration (82 &%), Fatigue assessment (L2 7)), Misalignment (EA)
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da|t|3 LxSo| L ZEIIE flstof, MA He|ZEHE F
g-gﬂ 7 2 XA S 7HK|= Sikorsky S-922 MAM 5t

. Sikorsky S—922| ${AF2 Fig. 12} ZT}. Sikorsky S-922|
2 Table 22} Zto|, Z0| 17.10m, =0| 4.71me| XS
0 S22 16YWNK| BE 7hsstH, 12.8 tonel Z|CHO| S
Z 2K Maximum take—off weight, MTOW)Z X[} 37H2] v}
FE &3l 0|%-F0| 7hsoind, oHF(et Sl Afo|e| Hel=
6.2m 0|11, SHIF Atole] Hz|= 3.18m O|ct.

Fig. 1 A7 &2|ZH

Table 2 A7 d2|Z&{2| M

Type of helicopter

SIKORSKY S-92A

Maximum take—off weight(MTOW)

12,800kg (125.56kN)

Crew 2(Pilot, Co—pilot)

Capacity 19 passengers
Length 17.10m
Height 4.71m
Empty weight 7,030kg
Distance between wheels 3.18m
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Table 3 ZASHE

Operating condition Installation condition Towing
(On-site) (On-site) condition
Full loading condition | Intermediate loading Ballast loading B _
(25 %) condition (50 %) condition (25 %)
Acceleration X (m/s2) (10-4 probability) 0.238 0.292 0.258 0.201 0.586
Acceleration Y (m/s2) (10-4 probability) 0.173 0.209 0.172 0.324 1.746
Acceleration Z (m/s2) (10-4 probability) 0.499 0.605 0.549 0.493 1.729
Weibull shape parameter (10-4 probability) 1.029 0.942 1.012 1.219 0.880
Zero crossing frequency (Hz) (10-4 probability) 0.174 0.164 0.164 0.173 0.112
Weight of Helideck structure (ton) Approximately 200
Weight of Helicopter (ton) 12.8
Table 4 T2 HIIE 98t 5k5 =8
Loading condition Ax Ay Az
case 1 + + +
case 2 + + _
Eull case 3 + - +
u
+ p— —
loading condition case 4
(25 %) case 5 - + +
case 6 - + -
case 7 - - +
case 8 - - -
case 1 + + +
case 2 + + -
. . case 3 + - +
Operating condition Intermed|atle' loading case 4 + - -
. condition
(On-site) (50 %) case 5 - + +
) case 6 - + -
case 7 - - +
case 8 - - -
case 1 + + +
case 2 + + -
Ballast case 9 ’ - ’
+ p— —
loading condition case 4
(25 %) case 5 - + +
case 6 - + -
case 7 - - +
case 8 - - -
case 1 + + +
case 2 + + -
case 3 + - +
Installation condition 3 case 4 + - -
(On-site) case 5 - + +
case 6 - + -
case 7 - - +
case 8 - - -
case 1 + + +
case 2 + + -
case 3 + - +
+ p— —
Towing condition - case 4
case 5 - + +
case 6 - + -
case 7 - - +
case 8 - - -

Special Issue of SNAK, September 2015 65



d2|t=2 FA29| mlZsHM

2.1.3 O|XE 35
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Table 5 O|Z& 5I&

. We.|ght of Dynamic Applied load
Helicopter helicopter 1
factor (ton)
(ton)
Sikorsky
S92 12.8 1.95 24.96

Note 1) The dynamic load factor is determined with combination of factor for
impact landing in the heavy normal landing situation (1.5) and factor
for sympathetic response of landing platform (1.3) (CAP 437 —
Standards for Offshore Helicopter Landing Areas)
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Al (2)2} ZHo| Weibull distribution2 7}&et simplified fatigue
analysisS ¥I3519 20 (DNV-RP-C203, Fatigue design of
offshore steel structures), O1&+5 slE0f| 2|st m|Z "I Aloll=
AL (3)2} 20| FPSO2S| MA| 28 7|72 ot W Jisst da|F
B2 &5 Sl5et iy stE S Sl WSk %8 M=ol n2
gk 15 1245t direct fatigue analysis& T35 CH 2%
#H S-N curve?| parameter= Table 6 (DNV-RP-C203, Fatigue
design of offshore steel structures)2 7|&=2 2 MASIQICE 2
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\ Coarse mesh & beam model

Structural analysis with inertial load ‘ ‘ Structural analysis with landing & taking-off load

| Fatigue damage calculation for the nominal stress |
[ sclectcritical ones for each detail category |

Fatigue damage calculation withtx t fatigue model
(LCF)

Fatigue damage calculation with tx t fatigue model
(HCF)

1]

| Fatigue damage calculation for the hotspot stress ‘

[ Estimation for the other details |

Where,
S) = Stress range for change of slop of S—N curve occur

ay,my= S-N fatigue parameters for N > 107 cycles(air
condition)

ay,my= S-N fatigue parameters for N < 107 cycles(air
condition)

()= Incomplete Gamma function

I'()= Complementary incomplete Gamma function

Naege o 4% 94

D= (3)
Nojz a5
D= Dyyaz+ Doygsaz ()
Dy‘,_]./\é 3= = Dl + 02 + D3
Where,

1: Operation condition (On-site)
2: Installation condition (On-site)
3: Towing condition
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Table 6 S-N curve in air (DNV-RP-C203)

S-Neurve| N<107 cveles | N> 107 eveles | Fatigue limitat | Thickness exponent k Snuctural stress
log@, 107 eveles %) concentration embedded
m | logg T in the detail (S-N class),
my=35.0 ref. also equation (2.3.2)
Bl 4.0 15.117 17.146 106.97 0
B2 4.0 | 14885 16.856 93.59 0
C 30 | 12592 16.320 73.10 0.15
Cl 3.0 | 12449 16.081 65.50 0.15
2 3.0 | 12301 15.835 58.48 0.15
D 3.0 | 12164 15.606 52.63 0.20 1.00
E 3.0 | 12010 15.350 46.78 0.20 113
F 3.0 | 11855 15.091 41.52 025 1.27
Fl 3.0 11.699 14.832 36.84 0.25 143
F3 3.0 11.546 14.576 3275 025 1.61
G 3.0 11.398 14330 29.24 0.25 1.80
w1 3.0 11.261 14.101 26.32 0.25 2.00
w2 3.0 11.107 13.845 23.39 0.25 225
w3 3.0 10970 13.617 21.05 0.25 2.50
T 3.0 | 12164 15.606 52.63 0.25 for SCF £ 10.0 1.00
0.30 for SCF »10.0
*) see also section 2.11

2.3 SCF due to misalignment

ot

MA| FxE0| AxE7| 2= =7 7= RS 8
FZglo| o|Fo{xo} st 80| O|F0X|= £zt
St ElEAL 8Y T H2lolHET| UR[sHA| 2k
oA x| =20l k50| LlstH HAlo| 23 3
Ao| opy| =t & HFoME, TZHIA| EMo| 9
TE gahe ofHal, 8Y FAZtel Halol ofst
2 1H3Igc 2% a2 37, butt weld 2F cruiciform
weld2 L}EICE Butt weldof| 2tsto, 88 2z o FH I}
ZrhH, A (5)5 &35t0] Halol| ofet SHESAHSTE My

A2 (DNV-RP-C203, Fatigue design of offshore steel
structures), 88 FAZte| FH 7} Ci2CkH, Al (6)E S3510
STl AZIRIHER} F2| Rlo[of| 2fet SHESHTE
MMk = ?lEF(DNV—RP—CZO3 Fatigue design of offshore
steel structures). Moz AT =E UM =
5,8 HM2IE MFT FE—T%F 4 =AU AtehE Sstof 1
k55t 6, + 4,7t 6, EnlstH, Halol oSt SHEES

e

74 =0

3(5,, — &)
SCF=1+ % (5)
Where
d,,= eccentricity (misalignment) as shown in Fig. 3.9 and
Fig. 3.10(a)

0y= 0.1t is misalignment inherent in the S/N data for butt
welds
t= thickness of plate

6(5,, +0,—d,)

SCF=1+
i+ 2
th

Where

8, = eccentricity (misalignment)

m

§,= 1/2(T-t) , eccentricity due to change in thickness

0y= 0.1t is misalignment inherent in the S/N data for butt
welds

7= thickness of thicker plate

t= thickness of thinner plate

Cruiciform weld of ﬂ._FﬁPOi Al (7)E Soto 88 FXjzte
Halof ofst SHASHSTE AlMHe = ACHDNV-RP-C203,
Fatigue design of offshore steel structures). Fig. 42} Z+o],

HALE Frjof 8Y de=Ele FH(¢ < tQ% IHR= Fre

3

afsho| disto| 2™ =M, ¢,9 t, 5 7HK|= FAel weir &
N =t A (7)2 Sslo] & 5= UKo, 2F A== 21,
12 )2] Zo|= cruiciform weld +Z2| SHEZH Aol F
RSt A==0]ct,
6t; (6—6,)
SCF=1+—F—F—7F—+"— (7)
l tl t? t3 t4
LT, T,
Where
5= 1(6,, +9,)= the total eccentricity
0y = 0.3t; = misalignment embedded in S/N data for

cruciform joints
= thickness of considered thickness (i=1, 2)
1,= length of considered thickness (i =1, 2)

«E

!

Fig. 4 Symbols of SCF(stress concentration factor) due to
misalignment of cruciform joint

4o CiAO| == H-beame| &2|H3 X|X| == &
gtz|= £HH0| snipped joint typeZt welded joint type
2=ch Al (7)2 55101 snipped joint Z8H Al, EAlo|
SETEsHA0| IA 1E=Ect A (7)9 i 71 YRS

C

snip== Z¢el Z2o|(Fig. 5 L2l 30mm)Z 1e2=7| uf-2o|ct.
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2t H-beam FZE 7HX|= deld|32e| MA Al, Snipped
joint type2 2 °EAE§% Suksto] Z2 AAe| FQ QIXp}
I

oz, delt3 FxEQ dA Al Fo7t ER3lot.

Helideck support
structires

Fig. 5 SCF due to misalignment of cruciform joint in the
helideck structures

Table 7 Comparison of snipped type and welded type

Towing condition"

Li Principal stress amplitude | Fatigue
Type (mm)z) SCFm? not considering life
ScFm® (MPa) (year)
Snipped || 5 o 180 9
type
Welded | o900 | 1.00 39 > 1000
type

Note 1) Most critical loading condition for the fatigue analysis
2) when, 13, 14 : 200 ~ 3000 (mm)
3) SCF due to misalignment
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Table 8 ®I%x[E sl5 ¥&eT H|W

Locati Minimum ratio of fatigue life
ceaton (2 315 / OIE5 315)
Helideck level 0.35
Support level 9.8
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