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1 INTRODUCTION

In DNV-GL’'s recommended practice for riser fatigue calculations [1] some guidelines for
scatter diagram lumping and time series realizations are provided. Key points can be
summarized as follows:
- The damage ratio from each discretized block should not exceed 5-10% of the total
damage
- The maximum significant wave height in the block should be used

- The weighted peak wave period should be used, or critical choices if the structure is
peak period sensitive.

The guidelines are given for risers, but the principles could be transferred to other structures
as well, although some extra investigations should be made.

For risers, DNV-GL indicate that the damage is not sensitive to realizations and that one time
series realization per lumped case should be enough. To see if this is the case also for
fatigue estimation of the Bjgrnafjord floating bridge more investigations are needed.

In this appendix, the lumping of the environmental scatter diagrams is optimized to reduce
the number of dynamic response calculations needed to properly estimate the fatigue life.
Time series realization sensitivity is also investigated to verify that one realization is enough
for fatigue life calculation for this structure.

All investigations in this appendix is performed on the concept model K12-model7 [2], and
should be valid also for minor adjustments to the concept.
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2 LUMPING OF SCATTER DIAGRAMS

2.1 Wind and wind sea

To identify an optimal lumping of the wind sea scatter diagrams, fatigue damage has been
calculated for the K12 model 7 version of the Bjgrnafjord floating bridge with no lumping of
the scatter diagrams. A total of 366 wind sea cases are run. The damage ratio (damage per
case divided by total damage) has been calculated for all cases. In this way an optimal
lumping of the scatter diagrams can be identified following the guidelines proposed by DNV-
GL for riser fatigue calculations [1].

In the following sections a chosen lumping of the scatter diagrams is shown. For all blocks
the highest significant wave height is used. If the block ranges over two columns, the
highest period is used, and if the block ranges over three blocks the mean period is used.
This discretization reduces the number of wind sea cases from 366 to 96 cases.

The wind damage corresponding to the wind sea wave heights is also shown in the following
sections. The lumping of the wind cases is corresponding to the lumping of the wind sea
scatter diagrams (if the lumped wind sea case range over three wave height rows, then the
lumped wind case will also range over three corresponding mean wind velocities according to
table 9 in [3]). The mean wind velocity used per lumped case is based on a weighted value
over the wind velocity range in the block. The mean wind velocity of a lumped case is
calculated as follows:

U _y 20
weighted 1 \/7

where U; is the mean wind velocity at the start of the block, and U; is the wind velocity at
the end of the block. In this way the mean wind velocity is weighted to give the mean value
of a response which is quadratic with respect to mean wind velocity.
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~  Figure 1: Weighting of lumped mean wind velocity

In section 2.1.2 to 2.1.13 the chosen lumping of the wind and wind sea scatter diagrams are
shown. In the first figure for each sector the probability density function scatter diagram for
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the wind sea sector is shown together with the chosen blocking indicated. In the following
figures, damage ratio per case is shown together with indication of the chosen blocking.

Response from sector 7 and 8 dominate the fatigue damage from wind sea in axis 13, and

sector 6,7,8 and 11 dominate the fatigue damage from wind sea in axis 47. These axes are
chosen to be representative for the worst wind sea response in both bridge ends. Sector 6,
8, 10 and 11 are dominating the damage from wind in axis 27.

2.1.1 Fatigue life verification of chosen scatter diagram lumping

In Figure 2 and Figure 3 the fatigue life of the F and H stiffeners are shown for the full
resolution scatter and the optimized scatter diagram. For wind, a close to perfect match is
seen between the optimized scatter and the full resolution, although the optimized resolution
is slightly to the conservative side.

For wind sea a good match is found for the F-stiffener, with the optimized resolution slightly
on the conservative side. This is expected as the lumped wave height is taken as the
maximum in the block in the optimized case. A somewhat less good, but conservative match
can be seen for the H-stiffener. The resolution of the wind sea scatter is found by
optimization with respect to the F-stiffener since weak axis bending moment is the most
important contribution from wind sea.
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Figure 2: Wind load fatigue life for full resolution (fine) and optimized scatter diagram
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Figure 3: Wind sea fatigue life for full resolution (fine) and optimized scatter diagram
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- 2.1.2 Sector 1: 345°-15°

‘Wind Sea, Scatter diag Sector 1; 3457 - 15"
n0 [m] 15-20 35-40 40-45 Sum

-0 1.21E-01 2 BEE+00
0.1-02 1.506-01 1.12E-02 B.41E-01
0.2-03 2.23E-02 1.49E-02 5.21E-03 5.06E-02
0.3-04 3E-03 1.86E-02
0.4-0.5 B 93E-03
0.5-06 3.72E-03
06-07 1.49E-03
0.7-08 1.49E-03
08-0.8 372603
0.9-1.0 0.00E+00
10-14 0.00E+00
11-1.2 0.00E+00
12-13 0.00E+00
13-14 0.00E +00
14-15 0.00E+00
16-16 0.00E+00
16-17 0.00E+00
17-18 0.00E+00
18-18 0.00E+00
19-2.0 0.00E+00

Sum 0.00E+00 QO0E =00 3FIE00 2.95E-01 9.60E-02 J65E-02 1.56E-02 B19E-03 1.49E-03 O 00E+00 0.00E+00 0.00E+00 37842

= Figure 4: Lumping of wind sea scatter diagram for sector 1
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~  Figure 5: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 1
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2.1.3 Sector 2: 15°-45°

Wind Sea, Scatter diagram: Sector 2: 157 - 45°
30-35 35-40 40-45 45-50 50-55 Sum

T.ETE-02 2.0BE-03 2.21E+00

THIE-02 5 13E-02 372603 S 50E-1
02-03 5.21E-08 7.44E-03 TA4E-02 216E-02
0.3-04 2 093E-03 | 4ATE-03 3.72E-02 1.27E-02
0.4-05 3.T2E-03 3.T2E-03
05-06 TA4E-4
06-07 0.00E+00
07-08 0.00E+00
08-09 0.00E+00
09-10 0.00E+00
10-11 0.00E+00
11-12 0.00E +00
12-13 0.00E+00
13-14 0 00E +00
14-15 0.00E+00
15-18 0.00E+00
16-1.7 D.00E+00
1.7-18 0.O0E +00
1.8-19 0.00E+00
19-20 0.00E+00

Sum 0.00E +00 0 O0E +00 294E400 163E-0 B 62E-02 1.49E-02 TALE-03 0.00E+00 0 DOE +00 00 DOE +00 0. O0E+0D 0 D0E+0 31983

~  Figure 6: Lumping of wind sea scatter diagram for sector 2
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~  Figure 7: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 2

o e APPENDIX A - ENVIRONMENTAL FATIGUE LOADS: LUMPING OF
Norconsult ¢3¢ l'l OLAV OLSEN SCATTER DIAGRAMS AND REALIZATION SENSITIVITY
SBJ-33-C5-OON-22-RE-016, rev. 0



2.1.4 Sector 3: 45°-75°

Wind Sea, Scatter diagram: Sector 3: 45° - 75°
0.0-0.5 6.5-1.0 1.0-1.5 15-20 0 -3.5 35-40 4.0-45 4.5-5.0

1.92E-01 1A1E+0D

1. THE+00

4. 22E-0

1.55E-01

3. T2E-02

2.16E-02

2 9BE-03

0.7 -0.8 0.00E+00
0.8-09 0.00E+00
0.8-10 0.00E+00
10-14 0.00E+00
11-12 0.00E+D0
12-13 0,00 +00
13-14 0.00E+D0
14-16 0.00E+00
165-18 0.00E+00
16-1.7 0 (0E+00
17-18 0.00E+D0
18-19 0.00E-+00
18-20 0.00E+00

Sum 0 DOE+00 0.00E+00 1.95E+00 4 10E-01 6 53E-01 2.02E-M 4 24E-02 149E-03 00 0 +00 0.00E+00 0.00E+00 O DOE+00 37574

~  Figure 8: Lumping of wind sea scatter diagram for sector 3
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.55 2.12E-05 604  B.I0E-06
0.65 7.2 1.356-05

0.75
0.85

819
a7

~  Figure 9: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 3
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2.1.5 Sector 4: 75°-105°

‘Wind Sea, Scatter diagram: Sector 4: 757 - 1057
0.5-10 1.0-1§ 156-20 45-50 50-55 Sum

0.0-0.1 1 0BE+00 3.85E-01 2.68E-02 1A9E+00
0.1-0.2 9.B9E-01 5.88E-02 5.23E+00
02-0.3 6.11E-01 3.50E-01 3.52E+00
03-0.4 B.19E-01 9.90E-01 7.50E-02 1.69E+00
0.4-05 TATE-M 2 20E-1 9 50E-01
05-06 1.356-01 3 26E-I0 2 Z3E-07 4 BAE-01
06-0.7 2.4E-01 5.51E-02 26TE-01
07-0.8 7.00E-02 7.22E-02 1.48E-01
0E-08 6 10E-02 BASE-02
0.9-10 IBE0  22IE00 5 51E-02
10-1.1 1.ME-02
11-1.2 1.27E-02
12-13 | 1BBE02 183602
13-14 44703
14-15 472603
1.6-18 S21E-03
16-1.7 0.00E+00
17-1.8 0.00E+00
1.8-1.9 0.00E+00
18-20 0.00E+00

Sum 0.00E+00 O.00E+00 2. 3E+00 34E+00 4.3E+00 2.27E+00 9.25E- 2.55E-01 B11E-02 1.27E-02 0.00E+00 Q00E+00 14,1754

~  Figure 10: Lumping of wind sea scatter diagram for sector 4
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~  Figure 11: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 4
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Sum
1.38E+00
2. 84E+00
1.50E+00
BEIE-D1
3.98E-01
1.96E-01
T.96E-02

1.5-2.0 3.0-35 45-50 50-55

05-10

1.0-15

6.10E-02
3 5TE-02
1 ME-02

8.19E-03
7 44E-04
12-13 0.00F +00
13-14 0,00E+00
14-16 000 +00
15-186 0.00E+00
16-17 0.00F +00
17-18 0.00E+00
18-19 0.00E +00
19-20 0.00E+00
Sum 0,00 +00 0 DOE + 00 2156400 2.18E+00 1.78E+00 9.82E-01 9 02E-01 5 85E-02 1.586-02 0 00E+00 0 OOE +00 01 DOE +00 7 4561

~  Figure 12: Lumping of wind sea scatter diagram for sector 5
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121 4.20E-03

12.73
1401

14.27 4.54E-03

~  Figure 13: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 5
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2.1.7 Sector 6: 135°-165°

06-1.0 26-30 30-35 36-40 40-45 46-50

6.0-66 Sum
1.85E 00

2 TSE+00

2 0BE+00
1.T1E+00
1.07E+00
6181
2 GOE-M
1.20E-0
7.22E-02
1.7T1E-02
2 23E-03
T 44E-04

1213 0.00E+00
13-14 0 00+
14-15 Q.00E+00
15-18 0.00E+00
16-1.7 0.00E+00
17-18 0.00E+00
1.8-139 0.00E+00
18-20 0.00E+00
Sum 0 DOE +00 0.00E+00 29E+00 2 R4E+00 3 DOE +00 1.49E+00 3A2E-01 2 4BE-02 2 23E-03 0.00E+00 0.00E+00 0.00E 400 10,6739

= Figure 14: Lumping of wind sea scatter diagram for sector 6

4,25  Hs\Tp 425

0.05

0.15 VIO Damageratio
0.2%) 2.35

0.35 4,06

0.45 6.06

.55 7.44

0.65 B.54 2.40E-03
0.75 10.47 1.16E-02

. L25E-04]
T.61E-05 E 0.85 1n.e
A.76E-04 .95 13.33
14.16

Hs\Tp

1.0%
115 1466 L71E-02
1.25 16.41  3.69E-03

~  Figure 15: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 6
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2.1.8 Sector 7: 165°-195°

Wind Sea, Scatter diagram: Sector 7: 165 - 195”
0.0-0.5 05-1.0 10-1.5 15-20 20-25 25-3.0 30-35 35-40 40-45 45-50 50-55 55-60 Sum
0.0-0.1 1.96E-01 32700
0.1-02 11E+00 &54E-0N 3.86E-01 6.62E-02 ZAZE+00
0.2-0.3 4.35E-01 A4 49E-01 2.39E-0 114E+00
0.3-04 JAZE-02 A A0E-01 2 86E- 6.33E-02 & 26E-
0.4-05 2.056-01 242E- 1. 14E-01 563E-01
0.5-0.8 2.98E-02 1.73E-01 1.09E-01 3 20E-01
06-0.7 1.09E-01 5 BBE-02 2.98E-02 1.98E-01
0.7-08 3AZE-02 2 T5E-02 TBIE-02
08-09 216E-02 432602
09-10 1.04E-02
10-14 TAME-04
11-12 0.00E+00
12-13 0.00E+00
1.3-14 Q.00E+00
14-15 D.00E+00
15-18 0.00E+00
16-1.7 0.00E+00
1.7-18 0.00E+00
18-19 0.00E00
18-20 0.00E+00
Sum 0.00€+00 0 .D0E +00 4 18E400 1.52E+00 1.51E+00 116E+D0 412E-0 8 26E-02 223E-03 0.00E+00 000 +00 0.00E+00 B854

~  Figure 16: Lumping of wind sea scatter diagram for sector 7

vig
PAL
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833
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~  Figure 17: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 7

o e APPENDIX A - ENVIRONMENTAL FATIGUE LOADS: LUMPING OF
Norconsult ¢3¢ l'l OLAV OLSEN SCATTER DIAGRAMS AND REALIZATION SENSITIVITY
SBJ-33-C5-O0ON-22-RE-016, rev. 0



2.1.9 Sector 8: 195°-225°

0.5-1.0 25-3.0 3.0-35 35-40 5.5-6.0
2.56E+00
6.556-02 4.49E+00
0.2-03 3 3.206-01 3.45E+00
0.3-04 2.30E+00
0.4-0.5 1 ATE+00
0.5-0.6 7.52E-01
0.6-0.7 4 G9E-01
0.7-0.8 2.30E-01
0E-08 132601
0.9-1.0 38702
10-1.1 1.19E-02
11-1.2 2 23603
1213 TA4E-04
13-14 7 44E-04
14-15 0.00E+00
15-16 0.00E+00
16-17 0.00E+00
17-1.8 0.00E+00
18-18 00 DOE +00
19-20 0.00E+00
Sum OQUEH0  OO0E+00  364E00 36TECD0  42MEWD0 ZBEOD  115E<00 278E-D1 156E02  QOUEDD  QOOE400 Q.0DE+00 15.8163
= Figure 18: Lumping of wind sea scatter diagram for sector 8

Hs . . . 3 x 3 4. _; _ L . _ = VIl Damageratio

pAL]

3.82

5.64

7

.52
981 5.026-03
o - 1147 2.13E-02
X . r : 1262 ZOIE-02

14.02
1694

| 6.856-03] 1.226-02
16.08  9.70E-03
19.57 1.0BE-02

~  Figure 19: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 8
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2.1.10 Sector 9: 225°-255°

Wind $ea, Scatter diag Sector 9; 2267 - 266"
0.0-0.6 0.6-1.0 1.0-15 2.0-26 2.6-3.0 3.0-36 36-4.0 4.0-4.6 4.5-6.0 Sum
1.35E+00
1.50E+00
8.39E-01
5. 72E-01
4.00E-01
1.00E-01
115601
6 T0E-02
313602
1.49E-02
3.72E-03
149603
12-13 0.00E+00
13-14 0.00E+00
14-16 0.00E+00
15-16 0.00E+00
1617 0.00E+00
17-18 0.00E+00
18-19 0.00E+00
19-20 0.00E+00
Sum 0O00E*00  0.00E+00  191E+00  143E+00  107E+00  546E-01 1.32E-01 149E-03  OO0E*00  O00E+00  000E+00  Q.00E+00 5.0032
= Figure 20: Lumping of wind sea scatter diagram for sector 9
HlTp .75 425 HalTp 75 4.25 ‘“3 N Damageratio
: 198
607
X 9.86E-06| 4.51E-04 | 23305 8.93
T.20E-08  2.126-05 [EF = TR 1048 3.B3E-03
065 1.056-03  6.84E-04 5.12E-05 .83
075 2.52E-04 0.75 9.64E-06 13.44
085 0.85 14.41
G o
o o 16 (e

~  Figure 21: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 9
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2.1.11 Sector 10: 255°-285°

Wind Sea, Scatter diagram: Sector 10: 265" - 285°
00-05 05-1.0 10-15 30-35 35-40 40-45 Sum
803E-03 1.3E+00
9.00E-02 1.92E+00
415E-1 TEIE-M
41T7E-M 4.99E-
- 1.06E-1 3TE-0
0.6-086 210E-0
06-0.7 1.36E-01
07-08 & 26E-02
08-09 551E-02
09-10 4 54E-02
10-14 1.93E-02
11-12 BO3E-03
12-1.3 2.98E-03
13-14 2 20E-03
14-15 1 49E-03
15-16 0 DOE+00
16-17 0.00E+00
17-18 0 00E+00
18-19 0.00E+00
19-20 0.00E+00
Sum 0.00E+00 0.00E+00 1.74E+00 1.73E+00 1.4E+00 G.39E-M 237E-M 4.39E-02 2.23E-03 0.00E+00 0.00E+00 0.00E+00 5.4326

=~ Figure 22: Lumping of wind sea scatter diagram for sector 10

4.25 via
219
189
5.59
n
B.27
9.59

Damageratio

10,85 309E-03
1219 1S7E-02
1356 1.97E-00

4.7
16.33
16.83

20,18 GEE-03
21,05

17,48

~  Figure 23: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 10
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2.1.12 Sector 11: 285°-315°

Wind $ea, Scatter diagram: Sector 11: 286" - 316"
0.0-0.5 05-1.0 15-20 2.0-26 265-3.0 30-36 3.5-40 40-45 Sum

R 2.53E-01 744E-02 1.2TE*00
01-02 = 16601 [BTZEGN] 3926400
0.2-03 7A5E-01 3.65E-02 346E+00
0.3-04 1.856-01 ZATE+00
04-05 5A0E-01 1.72E+00
0.5-06 1.15E+00
0.6-07 T16E-01
0.7 -08 5 .08E-01
0.8-09 297E-N
0.9-1.0 1.B1E-01
1.0-14 8 41E-02
11-12 3 BTE-02
12-13 1LTE-G2
1.3-14 1.49E-02
14-15 5.21E-03
15-18 1.49E-03
16-1.7  9EE-03
17-18 TA4E-D4
18-19 1.49E-03
19-20 0.00E+00

Sum OLOUE+00 0.00E+00 1.49E+00 2ZMEN0 4 18E+00 3ITEDD 2ATEHDD 9.27E-M 2.00E-N 1.41E-02 TA4E-D4 0.00E+00 15,8662

~  Figure 24: Lumping of wind sea scatter diagram for sector 11

¥I0  Damageratio
2.24
16
497
6.3
7.5
B.58
.77 TB3E-03
10,63 1.33E-02
11,78
12,97
13.9
14.66
15.56  2.03E-02
17.25
18.64 1.07E-02

~  Figure 25: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 11
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2.1.13 Sector 12: 315°-345°

Wind Sea, Scatter diagram: Sector 12: 316" - 345"
Te 5]
HmO [m] 0.0-0.6 0.5-1.0 1.0-16 15-2.0 20-26 25-3.0 3.0-36 36-40 40-45 45-6.0 5.0-66 5.5-6.0 Sum
0.0-0.1 B.56E-02 1.69E+00
0.1-02 82E 1.88E-01 2 2TE+D0
0.2-0.3 BT4E-01 B.7TE-01
0.3-04 319E-1 5 56E-01
04-05 6. T0E-02 1.82E-0 E | 2 66E-01
0.6-06 G 45E-02 2 3BE-02 1.27E-0
06-0.7 2 23E-02 6 92E-02
07-08 | | 2.08E-02
0.8-0.8 TA4E03
0.9-1.0 0.00E+00
10-1.4 0.00E+00
11-1.2 0.00E+00
12-13 0.00E+00
13-14 0,080
14-15 0.00E+00
1.6-1.6 0.00E+00
16-17 000+
17-1.8 0.00E+00
18-13 0.00E+00
1.9-2.0 0.00E+00
Sum 0 O0E+00 0 O0E +06 1 89E+00 1. 03E+00 1 40E+00 9 55E-01 4 98E-1 1.03E-1 T 44E-03 0 OOE+00 0 O0E +(6} 0 DOE +00 5 8843

= Figure 26: Lumping of wind sea scatter diagram for sector 12

¥id  Damageratio
.2
ENE
4.95
618 3.03E-05
7.25 6.42E-05
832 1.24E-04
o'z ISR
9.95 3.90E-04
1069 2.36E-04

3.826-05
1.00E-05 | 5.1SE-01

~  Figure 27: Wind sea damage ratio per case for axis 13 (left) and axis 47 (middle) and
wind damage ratio per case for axis 27 (right) for sector 12

2.2 Swell

The damage ratio per case has been calculated for a fine resolution of the swell scatter
diagram to identify an optimal lumping of the cases. The fine resolution is not a full
resolution on the Hs-axis for the swell cases but has a constant lumping of 0,03 m. As shown
in Figure 29 this resolution is too coarse in some areas, so the resulting optimized lumping is
more accurate than the one referred to as fine in the following figures.

The chosen lumping is shown in Figure 28 and the resulting lumped damage ratios are
shown in Figure 30.

In Figure 31 the “fine” resolution fatigue damage is compared with the optimized resolution.
The optimized resolution give a shorter fatigue life than the “fine” resolution, indicating that
the “fine” resolution was too coarse.
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~  Figure 28: Lumping of swell scatter diagram

~  Figure 29: Swell damage ratio per case basis for optimization

5.5 B.5 7.5 BS 2.5 10.5 11.5 125 135 145 155 165 175 185 18.5 205

~  Figure 30: Swell damage ratio per lumped case after optimization
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Figure 31: Swell fatigue life for full resolution (fine) and optimized scatter diagram
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SCATTER DIAGRAMS AND




3 CHOSEN FATIGUE CASES AND
COMBINATIONS

In this section the full case- and combination matrices for the environmental loads are
shown.

Table 1: Wind sea case matrix

Case Hs Tp Dir p_case

1 0.25 1.75 0 0.03715

2 0.25 3.25 0 0.000313

3 0.45 2.75 0 0.000179
4 0.55 3.75 0 0.000134

5 0.85 3.75 0 5.21E-05

6 0.85 4.25 0 1.49E-05

7 0.35 1.75 30 0.03174

8 0.35 3.25 30 0.000179

9 0.45 3.25 30 4.47E-05
10 0.25 1.75 60 0.034486
11 0.25 3.25 60 0.000923
12 0.55 3.25 60 0.002136
13 0.65 3.75 60 2.98E-05
14 0.25 1.75 90 0.098099
15 0.25 3.25 90 0.004242
16 0.55 3.75 90 0.006489
17 0.65 2.75 90 0.026836
18 0.85 3.25 90 0.00288
19 0.95 4.25 90 0.002582
20 1.25 4.25 90 0.000625
21 0.25 1.75 120 0.056216
22 0.25 3.25 120 0.001808
23 0.65 2.75 120 0.01277
24 0.65 3.75 120 0.002538
25 1.05 3.75 120 0.001049
26 1.05 4.25 120 0.000156
27 0.25 1.75 150 0.066605
28 0.25 3.25 150 0.001325
29 0.55 2.25 150 0.021857
30 0.65 2.75 150 0.013321
31 0.65 3.25 150 0.001421
32 0.65 3.75 150 8.93E-05
33 0.75 3.25 150 0.001176
34 0.85 3.75 150 5.21E-05
35 0.95 3.25 150 0.000767
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36 1.05 3.75 150 0.000127
37 0.25 1.75 180 0.06502
38 0.25 3.25 180 0.003222
39 0.55 2.25 180 0.007092
40 0.55 2.75 180 0.007003
41 0.55 3.25 180 0.002865
42 0.55 3.75 180 0.000134
43 0.75 3.25 180 0.000863
44 0.75 3.75 180 0.000461
45 0.85 2.75 180 0.001503
46 0.95 3.25 180 0.000246
47 0.95 3.75 180 0.000231
48 0.25 1.75 210 0.101084
49 0.25 3.25 210 0.003944
50 0.45 2.75 210 0.034828
51 0.45 3.75 210 0.001831
52 0.55 3.25 210 0.003766
53 0.65 2.75 210 0.003944
54 0.65 3.25 210 0.004168
55 0.65 3.75 210 0.000335
56 0.75 3.25 210 0.001488
57 0.75 3.75 210 0.000901
58 0.85 3.25 210 0.000171
59 0.85 3.75 210 0.001139
60 0.95 3.25 210 7.4E-06
61 0.95 3.75 210 0.000342
62 1.05 3.75 210 4.47E-05
63 1.05 4.25 210 0.000127
64 1.15 3.75 210 7.4E-06
65 1.15 4.25 210 1.49E-05
66 1.35 4.25 210 1.49E-05
67 0.45 1.75 240 0.044131
68 0.45 3.25 240 0.002486
69 0.75 3.25 240 0.003803
70 1.05 3.25 240 0.000514
71 0.45 1.75 270 0.045106
72 0.45 3.25 270  0.00358
73 0.75 3.25 270 0.004287
74 0.95 3.75 270 0.001005
75 1.15 3.75 270 0.000283
76 1.35 3.75 270 0.000067
77 0.45 1.75 300 0.08483
78 0.45 3.25 300 0.043639
79 0.75 3.25 300 0.018984
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80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

0.85
0.85
0.95
0.95
1.05
1.05
1.25
1.25
1.45
1.45
1.75
0.45
0.45
0.65
0.75
0.85
0.85

3.75
4.25
3.75
4.25
3.75
4.25
3.75
4.25
4.25
4.75
4.75
1.75
3.25
3.75
3.25
3.75
4.25

300
300
300
300
300
300
300
300
300
300
300
330
330
330
330
330
330

Table 2: Wind case matrix

Norconsult 0:0 )|

Case U

O O N O L AN WIN R

N NN RRRRKRRBBRRBRR
N R O OV oW NGO UL N WDNRKO

3.63
5.77
6.51
9.9
4.11
7.36
3.44
6.11
8.26
3.88
6.52
7.02
8.73
9.49
12.01
4.05
8.01
11.33
4.23
7.82
8.61
11.35
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0.007263
0.000476
0.001392
0.000409
0.000327
0.000514
7.44E-05
0.000461
0.000141
8.19E-05
0.000067
0.043208
0.013395

0.0007
0.001258
0.000208
7.44E-05

o O O o

30
30
60
60
60
90
90
90
90
90
90
120
120
120
150
150
150
150

p_case
0.037463
0.000179
0.000134
0.000067
0.031918
4.47E-05
0.035409
0.002136
2.98E-05
0.102341
0.006489
0.026836
0.00288
0.002582
0.000625
0.058025
0.015308
0.001206
0.06793
0.021857
0.014832
0.001176
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23 11.47 150 5.21E-05

24 12.15 150 0.000767
25 13.43 150 0.000127
26 3.92 180 0.068242
27 7.29 180 0.017094
28 10.06 180 0.001325
29 10.74 180 0.001503
30 11.83 180 0.000476
31 3.94 210 0.105028
32 6.54 210 0.036659
33 8.35 210 0.003766
34 9.77 210 0.008447
35 10.75 210 0.002389
36 11.94 210 0.00131
37 12.72 210 0.00035
38 13.69 210 0.000171
39 16.66 210 2.23E-05
40 14.33 210 1.49E-05
41 5.93 240 0.046616
42 10.32 240 0.003803
43 13.05 240 0.000514
44 5.53 270 0.048685
45 9.4 270 0.004287
46 11.9 270 0.001005
47 13.8 270 0.000283
48 14.72 270 0.000067
49 5.08 300 0.12847
50 8.28 300 0.018984
51 8.97 300 0.00774
52 10.87 300 0.001801
53 11.84 300 0.000841
54 12.83 300 0.000536
55 15.11 300 0.000223
56 16.62 300 0.000067
57 4.91 330 0.056603
58 7.54 330 0.0007
59 7.8 330 0.001258
60 8.81 330 0.000283

Table 3: Swell case matrix

Case Hs Tp Dir p_case
1] 0.025 20.5 300 0.000037
2 | 0.035 5.5 300 0.02265
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Norconsult 0:0 )|

0.035 12.5
0.045 6.5
0.045 9.5
0.065 8.5
0.065 10.5
0.065 11.5
0.065 12.5
0.065 13.5
0.065 14.5
0.065 15.5
0.065 16.5
0.065 17.5
0.065 18.5
0.075 19.5
0.085 7.5
0.085 9.5
0.095 11.5
0.095 12.5
0.095 16.5
0.105 10.5
0.105 17.5
0.105 18.5
0.115 8.5
0.115 11.5
0.115 12.5
0.115 13.5
0.125 9.5
0.125 12.5
0.125 14.5
0.125 15.5
0.135 11.5
0.135 12.5
0.135 13.5
0.145 10.5
0.145 12.5
0.145 17.5
0.155 11.5
0.155 12.5
0.155 13.5
0.155 14.5
0.155 15.5
0.155 18.5
0.165 12.5
0.175 11.5
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300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

0.02373
0.03154
0.03845
0.0557
0.04038
0.03296
0.003857
0.01839
0.01228
0.007983
0.003718
0.001498
0.000833
0.000074
0.04301
0.02001
0.003876
0.00049
0.000241
0.01191
0.000222
0.000296
0.001646
0.003071
0.000472
0.000315
0.001656
0.000518
0.000268
0.00025
0.001517
0.000601
0.000204
0.001683
0.000657
8.33E-05
0.000463
0.000731
0.000342
0.000074
2.78E-05
0.000111
0.00037
0.000176
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47 | 0.175 12.5 300 0.000231
48 | 0.175 13.5 300 0.000213
49 | 0.175 14.5 300 0.000074
50| 0.175 15.5 300 0.000037
51| 0.185 12.5 300 0.00013
52| 0.195 13.5 300 8.33E-05
53| 0.195 14.5 300 0.000074
54 | 0.195 15.5 300 2.78E-05
55| 0.205 11.5 300 1.85E-05
56 | 0.205 12.5 300 0.000037
57| 0.215 14.5 300 5.55E-05

Table 4: Combination matrix

Case WindseaNo WindNo SwellNo p_combi
11 1 29 0.00165600
21 1 0 0.03549400
32 1 55 0.00001850
4|2 1 0 0.00029410
53 2 38 0.00008325
63 2 0 0.00009535
7 4 3 49 0.00007400
8|4 3 0 0.00006000
9|5 4 54 0.00002775

10 | 5 4 0 0.00002435
11 | 6 4 43 0.00001388
126 4 0 0.00000102
137 5 39 0.00046250
147 5 0 0.03127730
15| 8 5 50 0.00003700
16 | 8 5 0 0.00014160
17 19 6 56 0.00003700
189 6 0 0.00000770
19 | 10 7 51 0.00012950
20 | 10 7 0 0.03435630
21|11 7 32 0.00024970
22 |11 7 0 0.00067310
23112 8 46 0.00017570
24 |12 8 0 0.00196010
25113 9 43 0.00001388
26 | 13 9 0 0.00001593
27 | 14 10 8 0.03296000
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28 | 14 10 0 0.06513930
29 | 15 10 1 0.00003700
30| 15 10 0 0.00420490
31|16 11 27 0.00047170
32|16 11 0 0.00601770
33|17 12 11 0.01228000
34| 17 12 0 0.01455550
35|18 13 48 0.00021270
36 | 18 13 0 0.00266730
37|19 14 41 0.00034220
38| 19 14 0 0.00224010
39| 20 15 47 0.00023120
40 | 20 15 0 0.00039390
41 | 21 16 35 0.00020350
42 | 21 16 0 0.05601270
43 | 22 16 53 0.00007400
44 | 22 16 0 0.00173440
45 | 23 17 25 0.00164600
46 | 23 17 0 0.01112430
47 | 24 17 15 0.00083250
48 | 24 17 0 0.00170520
49 | 25 18 40 0.00073070
50| 25 18 0 0.00031860
51126 18 57 0.00005550
52| 26 18 0 0.00010080
53|27 19 18 0.02001000
54 | 27 19 0 0.04659510
55|28 19 28 0.00031450
56 | 28 19 0 0.00101020
57129 20 31 0.00026820
58| 29 20 0 0.02158870
59|30 21 13 0.00371800
60 | 30 21 0 0.00960300
61 | 31 21 21 0.00024050
62 | 31 21 0 0.00118090
63 | 32 21 42 0.00007400
64 | 32 21 0 0.00001530
65 | 33 22 44 0.00011100
66 | 33 22 0 0.00106480
67 | 34 23 52 0.00004163
68 | 34 23 0 0.00001047
69 | 35 24 34 0.00060120
70 | 35 24 0 0.00016530
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71 | 36
72 | 36
73 | 37
74 | 37
75 | 38
76 | 38
77 | 39
78 | 39
79 | 40
80 | 40
81|41
82 |41
83|42
84 | 42
85|43
86 | 43
87 | 44
88 | 44
89 | 45
90 | 45
91 | 46
92 | 46
93 | 47
94 | 47
95| 48
96 | 48
97 | 49
98 | 49
99 | 50
100 | 50
101 | 51
102 | 51
103 | 52
104 | 52
105 | 53
106 | 53
107 | 54
108 | 54
109 | 67
110 | 67
111 | 68
112 | 68
113 | 69

25
25
26
26
26
26
27
27
27
27
27
27
27
27
28
28
28
28
29
29
30
30
30
30
31
31
31
31
32
32
32
32
33
33
34
34
34
34
41
41
41
41
42

0.00007400
0.00005250
0.02373000
0.04129000
0.00037000
0.00285230
0.00385700
0.00323510
0.00151700
0.00548580
0.00049020
0.00237490
0.00004163
0.00009238
0.00022200
0.00064130
0.00029600
0.00016540
0.00065670
0.00084660
0.00017267
0.00007293
0.00017267
0.00005803
0.01191000
0.08917350
0.00017267
0.00377153
0.03154000
0.00328820
0.00149800
0.00033270
0.00307100
0.00069460
0.00387600
0.00006820
0.00168300
0.00248450
0.03845000
0.00568060
0.00199575
0.00048985
0.00299363
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114 | 69 42 0 0.00080917
115 |71 44 2 0.02265000
116 | 71 44 0 0.02245550
117 |72 44 12 0.00299363
118 | 72 44 0 0.00058597
119 | 73 45 10 0.00367800
120 | 73 45 0 0.00060850
121 | 77 49 6 0.05570000
122 | 77 49 0 0.02913040
123 |78 49 17 0.04301000
124 | 78 49 0 0.00062940
12579 50 10 0.01471200
126 | 79 50 0 0.00427230
127 | 91 57 7 0.04038000
128 | 91 57 0 0.00282780
129 | 55 34 0 0.00033490
130 | 56 35 0 0.00148840
131 | 57 35 0 0.00090050
132 | 58 36 0 0.00017120
133 | 59 36 0 0.00113860
134 | 60 37 0 0.00000740
135 | 61 37 0 0.00034230
136 | 62 38 0 0.00004470
137 | 63 38 0 0.00012650
138 | 64 39 0 0.00000740
139 | 65 39 0 0.00001490
140 | 66 40 0 0.00001490
141 | 70 43 0 0.00051350
142 | 74 46 0 0.00100470
143 | 75 47 0 0.00028280
144 | 76 48 0 0.00006700
145 | 80 51 0 0.00726330
146 | 81 51 0 0.00047630
147 | 82 52 0 0.00139160
148 | 83 52 0 0.00040930
149 | 84 53 0 0.00032740
150 | 85 53 0 0.00051350
151 | 86 54 0 0.00007440
152 | 87 54 0 0.00046140
153 | 88 55 0 0.00014140
154 | 89 55 0 0.00008190
155 |90 56 0 0.00006700
156 | 92 57 0 0.01339540

o R APPENDIX A - ENVIRONMENTAL FATIGUE LOADS: LUMPING OF
Norconsult o l.l OLAV OLSEN SCATTER DIAGRAMS AND REALIZATION SENSITIVITY
SBJ-33-C5-O0N-22-RE-016, rev. 0



157 | 93 58 0 0.00069950
158 | 94 59 0 0.00125770

159 | 95 60 0 0.00020840
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4 TIME SERIES REALIZATION SENSITVITY

The fatigue damage is calculated using the rainflow count method on generated stress time
series realizations. To verify that the fatigue life is not realization sensitive, 5 realizations
from a single analysis is generated and the fatigue life calculated for wind, wind sea and
swell are compared.

In these investigations a constant lumping of the wave scatter diagrams is used. For wind
sea the resolution on the Hs-axis was 0.2 m and 1 s on the Tp-axis. For swell the resolution
was 0,05 m and 1 s in the Hs- and Tp-axis respectively, and the mean value of both Tp and
Hs in each block was used. The discretization of mean wind velocity was given according to
the resolution of the wind sea Hs- axis.

The following figures show the calculated fatigue life for 5 different time series realizations
for wind, wind sea and swell respectively. The results clearly show little effect on the fatigue
life estimation, indicating that a single realization is enough to estimate the fatigue life from
environmental loads for this structure.
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Figure 32: Wind load fatigue life for 5 different realizations
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Figure 33: Wind sea fatigue life for 5 different realizations
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Figure 34: Swell fatigue life for 5 different realizations
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