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1 INTRODUCTION

Centrica Storage Limited (CSL) have requested that the bolting arrangement around the crane pedestal
adaptor for the crane on their Rough BP and BD platforms be checked under accidental crane loads and
under operating crane loads. This Technical Note describes the work done and its conclusions. This
Technical Note builds on work reported previously/1/.

Work is under way to replace the cranes on the Rough BP and BD facilities. The cranes entered service in
1982, so have been in service for some 35 years; they are to be replaced with new units of similar
capacity in 2017. The cranes are mounted on cylindrical pedestals fitted adjacent to corners of the
modules. At the upper end of the cylinder, a tapered adaptor is fitted which incorporates a circular bolting
flange onto which the crane is mounted. The same arrangement is used on both the BP and BD cranes.

For the new cranes, it is required that the pedestals and their supporting structure can resist loads
transmitted from the cranes under conditions of catastrophic overload in accordance with Appendix D of
reference /1/. These represent loads under which crane components will fail, plus an additional safety
factor. Under these accidental loads the pedestal must not collapse; the failure loads of components
supporting the crane cabin must be higher than the failure loads for the first crane component to fail.

As part of the crane replacements, new secondary adaptors are to be fitted above the existing adaptors
and secured to the existing units with bolts. It is important for ease and speed of fitting that the existing
bolt holes on the adaptors can be re-used, to avoid reworking of the holes during installation.

The study reported here addressed the adaptor bolting and adaptor bolting flange under the specified
accidental and operating crane loads, considering both strength and fatigue Such bolting is clearly a vital
component in the load path.

It is understood that the same structural arrangement and crane will apply to both the BP and BD units;
hence the calculations reported here apply to both. Differences in loading history between BP and BD are
taken into account in considering fatigue damage from the existing cranes.

The projected life for the platforms is until 2035, i.e. 18 years if crane replacement takes place in 2017.

2 STRUCTURAL ARRANGEMENT

The existing adaptor is welded to the top of the cylindrical crane pedestal. It consists of a flat circular
flange supported by two conical steel rings. The flange is drilled to take 72 off 1 2" diameter bolts. An
overview of the adaptor is shown in Figure 2-1/3/.

Above the adaptor, a new secondary adaptor is to be fitted and attached via the bolting flange. Loads
from the crane will be transmitted through the secondary adaptor and thence via the 72 bolts to the
bolting flange of the adaptor. This secondary adaptor is shown in Figure 2-2. The secondary adaptor is to
be supplied by the crane manufacturer; its structural performance is not considered here.

The bolt holes in the existing adaptor are 1 9/16” diameter, to take 1 2" diameter Imperial bolts. The
grade of bolts currently fitted is unknown. It is important for ease and speed of fitting that the existing
bolt holes on the adaptor can be re-used, to avoid reworking of the holes during installation. Kenz have
specified M36 bolts in the existing holes. These will screw into threaded holes in Kenz's new secondary
adaptor.
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Figure 2-1

Lus AR

CoLEeTRR SEak
Tapue A

72 - 1% pre
See 1es 1406557
Fok LocaTion

e
L

S=£ LK = I4oe5E

FAE Laarrosr OF
S D
Fof sPnTEa

Harcas
To_ &
AT LEFT

@ J SiDE

K ~E
T‘:g;g;/ OF 1A TETTIOA
@} r/EgsiAr’u(— Ta(

15 1Al TAns

Fe= AvasasTan

Pedestal adaptor

Relevant dimensions used in the calculations are sketched in Figure 2-4. Dimensions given in brackets
are converted from the inch units on the original drawing (conversion factor 1” = 25.4 mm).

Kenz’s new secondary adaptor is shown in their drawing number P337 6131-010 rev C, see Figure 2-2.
The M36 stud for attachment of the new secondary adaptor is shown in Figure 2-3.
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Figure 2-4 Selected relevant dimensions, existing adaptor
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3

CRANE LOADING

The crane loadings considered here are:

Operating loads - maximum loads arising during normal crane operations, provided by Kenz /4/
to CSL as “Fact. Load incl. Ped. SF (Incl. wind)”;

Accidental loads - loads which the pedestal must resist without failure were provided by Kenz /4/
to CSL as “Minimum Failure Load Client Ped”

The values of these loads are shown in Table 3-1.

Table 3-1 Crane loading
Load Description Operating Accidental
loads loads
M (kNm) Bending moment on pedestal 17,677 38,733
Msl (kNm) Torsional moment on pedestal 1,869 2,000
Fax (kN) Axial load on pedestal (downwards) 1,594 2,280
Frad (kN) Shear force radial to pedestal 115 113
4 BOLT LOADING

4.1

Calculation of individual bolt loads

Bolt loads were calculated by applying the provided pedestal load values over the full bolt circle. Axial
and shear loads were distributed equally across all bolts. The torsional moment (Msl) was taken as
resisted equally on all bolts, via shear in the bolts acting on the bolt pitch circle. The bending moment
was distributed to give a linear distribution, so that force carried by a bolt was proportional to its lever
arm from the pedestal centreline as sketched in Figure 4-1.
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Figure 4-1 Calculation of bolt load due to moment

All load components were taken as acting simultaneously, with the axial load acting downwards (i.e.
producing a compressive load, thus tending to reduce the tension in the bolts). Kenz confirmed /5/ that
the moment and axial force in the accidental loading occur together. They also noted that “The axial force
Fax is caused by the rope being pulled under these conditions (for instance entanglement of the hoisting
hook at the support vessel while support vessel shifts away”; the axial force was therefore taken as
compressive, acting downwards.

Note that:

. The pedestal failure loads given by Kenz are understood to already include a pedestal factor of
1.3 /11/.

. The radial forces Frad as supplied by Kenz were taken as acting at the level of the bolting ring -

any additional offset would increase the moment on the ring.

On this basis, the individual bolt loads were calculated as shown in Table 4-1.

Table 4-1 Calculated loads per bolt

Operating loads Accidental
loads
Axial load/bolt (kN) 322.0 722.3
Shear load/bolt (kN) 19.8 21.1

4.2 Stiffness analysis of the joint

To assess the possibility of prying action, the combined joint was modelled in finite elements. The model
is shown in Figure 4-2. This model represented the lower flange of the Kenz adaptor plus the existing
flange; the two were connected by a simple representation of the bolt, the model covering one half bolt
spacing. The mating faces of the lower and upper flanges were coupled vertically; these couplings were
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progressively released to simulate separation under load, as noted below. Vertical coupling was also used
to connect the bolt head and the lower flange.

- - Simple supports on top face at
Detail of flange region attachments to structure

Symmetry on both
faces of model

Loads applied at

'/ base of model
I
f

Figure 4-2 Finite element (FE) model

The bolt was pretensioned using temperature loads, thermally shrinking the bolt material passing through
the lower flange to produce an axial bolt stress. The pretension applied corresponded to a bolt
pretensioned to 70% of the yield stress of grade 10.9 material; 2.23.8 of reference /6/ specifies this as
the minimum pretension for joints subjected to fluctuating or reversal of loads. Minimum pretension will
allow maximum separation in the joint, should that occur.

Axial load was applied to the pedestal body, at the lower end of the model. The upper flange was simply
supported where the Kenz adaptor steelwork is attached (see Figure 4-2 and Figure 2-2). A set of cases
were considered as summarised in Table 4-2 below (note that these are the loads acting on the model,
i.e. on one half of one bolt). Iterative analyses were used, releasing the coupling between lower and
upper flanges in areas of tension normal to the mating faces to simulate separation of the flanges.

Table 4-2 Summary of FE runs
External Axial load
load (kN) in bolt (N)
Clampup only 0 514.7
30kN 30 515.9
90kN 90 525.1
operating 161 559.0
accidental 361.15 687.5

Bolt loads from these runs are plotted against applied load in Figure 4-3; these are the loads on a single
bolt spacing. It can be seen that the bolt load increases as the extent of flange separation increases.
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Figure 4-3 Axial bolt load vs applied external load

5 STRESSES IN BOLTING

5.1 Axial stresses

M36x4 bolts have been specified for the joint by Kenz/7/. These bolts have a stress area of 817 mm?.
With this cross-section area, the nominal stresses are shown in Table 5-1

Table 5-1 Calculated bolt stresses
Operating loads Accidental loads
Axial stress (MPa) 394 884
Nominal shear stress (MPa) 24 26

CSL intend the use of RotaBolts in these locations; such bolts include a mechanism for checking the
applied axial tension in the bolts. A small hole is drilled along the bolts to incorporate the mechanism,
giving a small reduction in cross-section area of the order of 3.8%. Such holes would increase the stress
values to those shown in Table 5-2.

Table 5-2 Calculated bolt stresses accounting for RotaBolt hole
Operating loads Accidental loads
Axial stress (MPa) 410 919
Nominal shear stress (MPa) 25 27
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For Grade 10.9 bolts, the "yield” stress (0.2% proof stress) is specified as 900 MPa nominal and 940 MPa
minimum, with tensile strength 1000 MPa nominal and 1040 MPa minimum. Comparing these with the
values of Table 5-2,

. The calculated shear stresses in the bolts are low, at around 3% of tensile yield stress;
. Under operating loads,
o Compared with yield, the calculated axial stress is around 44% of yield;

o Compared with tensile strength, the calculated axial stress is around 39% of tensile
strength;

. Under accidental loads,
o Compared with yield, the calculated axial stress is around 98% of yield;

o Compared with tensile strength, the calculated axial stress is around 88% of tensile
strength;

. Given the low value of shear stress, tension will dominate.

FE results (see section 4.2) indicate that the actual bolt loads, accounting for pretensioning to 70% vyield,
will be changed from those given above; recalculating using the bolt loads from the FE analyses gives
tensile loads and stresses as in Table 5-3.

Table 5-3 Bolt loads from FE analyses and corresponding stresses
Operating loads Accidental loads
Axial load (kN) 559 688
Axial stress (MPa) 710 874
Axial stress/ grade 10.9 yield 0.76 0.93
Axial stress/ grade 10.9 ultimate 0.68 0.84

5.2 Thread stripping check

In cases where engaged thread lengths are short, stripping of threads can occur. In the present
arrangement, bolts will be inserted through the lower flange and engaged in threaded holes in the upper
flange. A detail from the drawing of Kenz’s adaptor design is shown below in Figure 5-1.
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Figure 5-1 Detail of new secondary adaptor (see Figure 2-2)

For M36 bolts, the thread shear area at the minor and major thread diameters may be calculated as
Minor diameter 30.654 mm
Major diameter 36.0 mm
Thickness of threaded flange 85 mm
Shear area in thread, fully engaged with flange
Minor diameter = 77.D.t = 8185 mm?

Major diameter = 71.D.t = 9613 mm?

On the minor diameter, shear failure of the thread would involve the bolt material. Here, for grade 10.9
bolt material, nominal yield stress = 900 MPa; taking shear yield as 0.577 of tensile yield, shear yield

stress is approximately 519 MPa or 519 N/mm?2 so thread capacity is 8185 x 519 = 4,248,015 N or
4284 kN.

On the major diameter, shear failure of the thread would involve the flange material of the new
secondary adaptor. The material here is Class 1b /8/ as shown in Figure 5-2. For S460N steel, the
minimum yield at 85 mm thick is 400 MPa; taking shear yield as 0.577 of tensile yield, shear yield stress
is approximately 230 MPa or 230 N/mm? so thread capacity is 9613 x 230 = 2,210,990 N or 2211 kN.
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DATA SHEET
Material class specification
1 355 311 AB Special Z quality load path material; loaded in thickness direction
1a 690 3.1 A/B Special Z quality load path material; loaded in thickness direction
1b 460 311 A/B Special Z quality load path material; loaded in thickness direction
2 355 31 AB General load path material;
2a 690 31 A/B General load path material; high strength steel
2b 460 3.1 AB General load path material; high strength steel
3 235 22 C General non load path material; normal strength steel
4 650 31 A General load path shafts and connection pins ( non welded )
5 C Special non load path stainless steel material

Note'  Forgings excluded. See applicable drawings and data sheets

Figure 5-2

Kenz material classes/9/

The bolt load under accidental loading is 722.3 kN (see Table 4-1) so with the thread fully engaged in the
upper flange, accidental load is approximately 33% of thread capacity. At lower thread engagements the
capacity will decrease in proportion; using this approach, the minimum thread engagement in the flange
of the secondary adaptor to avoid thread stripping is 28.1 mm. The expected engagement is ¢ 85 mm.

6 BOLTING FLANGE

6.1

Method of calculation

Stresses in the existing bolting flange were calculated, treating the flange as a cantilever beam as
sketched in Figure 6-1. Since the number of bolts is large at 72, one bolt space covers only 5° so treating

it as a simple cantilever under the maximum tensile bolt load is considered reasonable.

Figure 6-1

Flange calculation

Treat as cantilever

7

1 bolt space

about here \
R

. I bolt load
i

ibolt circle

'Lever arm
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From the geometry of the flange (see Figure 2-4), a lever arm of 61.7 mm may be calculated from the
bolting pitch circle to the outer edge of the conical plate contact with the flange.

The flange section was taken as one bolt space wide at the outside of the supporting cone and with a
thickness allowing for the maximum machining allowance of 3/16”, i.e. 119.0 mm wide by 95.24 mm
thick, giving a section modulus of 179.89 x 10 m3,

The flange material has properties as shown in Table 6-1 /14/.

Table 6-1 Flange material properties /8/

Yield stress (MPa) | UTS (MPa)

Specified 315 490

Actual 346 480

6.2 Operating loads

To check stresses in the flange under operating loads, the maximum bolt loads listed above in section 4
were applied, i.e. 322 kN of axial load and 19.8 kN of shear load per bolt.

With the flange properties of the preceding section, this gave a bending moment of 19,866.5 Nm and a
bending stress in the flange root of 19,866.5/179.89 x 106 / 10 MPa = 110.4 MPa.

The calculated stress is 35% of the specified flange material yield stress and 32% of the actual yield
stress shown in the material mill certificate /14/.

6.3 Accidental loads

Under accidental loads, it was considered reasonable to permit yielding of the flange.

To check the flange strength under accidental loads, the bolt load was taken as the calculated failure load
of a grade 10.9 M36 bolt, using the stress area and material tensile strength as in section 5, i.e. area
817 mm?2 and tensile strength 1040 MPa giving a failure load of 850 kN;

Using these values, the calculated flange stresses are summarised in Table 6-2.

Table 6-2 Bolting flange: elastic stress calculation
Bolt failure load Flange moment Flange elastic stress
(kN) (Nm) (MPa)
850 52,445 292

Thus the calculated bolt failure load gives a moment within the actual elastic property of the flange. In
practice some yielding may be expected local to the attachment to the pedestal, due to the local stress
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concentration. Although not specifically designed to examine this detail, the finite element model
described in section 4.2 indicated a local nodal averaged von Mises stress at the corner of 381 MPa under
pretension + accidental load, or approximately 10% over yield. As can be seen from the plot below, this
peak stress is a result of the local concentration. (Note that the high stresses at the ends of the bolt hole
are a result of load transfer from the bolt.)

Contours

- Above

400

Figure 6-2 Von Mises stresses (MPa) - pretension plus accidental load

7 FATIGUE CHECKS

7.1 Fatigue in bolts

Fatigue lives for the bolts have been calculated based on the MIPEG crane history data provided for the
BP and BD platforms/15/,/16/. This system records the lift history of the crane and includes figures for
the lift weight and for the moment applied to the crane over a period of some 11 years. For structural
fatigue, it has been assumed /15/,/16/ that the pattern of lifts with the new crane will be the same as the
recorded history with the existing crane. The recorded history, adjusted for weight & CG data for the new
crane, thus allows a lift pattern to be established for assessing future fatigue damage for crane
operations.

In assessing the fatigue lives of the bolts, only damage from the new crane configuration was considered
- new bolts will be installed with the new crane. The sequence of calculation was:

For each single recorded lift, using the new crane data,

e Calculate the maximum nominal load on an individual bolt position on the bolt circle, due to the
crane moment;

e Interpolate to get the bolt load (see Figure 4-3)
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e Calculate the change in bolt load, as the difference between pretension load and bolt load;
e Calculate the stress range for this single cycle;
e Use the F1 S-N curve /17/ to calculate the damage from a single cycle at this stress range.

Summing the damage figures from all recorded cycles gave the total damage over the period covered by
the MIPEG records; from this, an annual damage rate was calculated.

Note that this calculation assumes that each bolt sees the maximum lift moment for every single lift; in
practice this should be conservative. A sample of the calculation, showing a few lifts only, can be seen in
Figure 7-1

No. bolts N 72 history |BD MIPEG data 113 years
PCD D 112.35 inches 285115 m startdate  29/06/2004 4.956E-06 per year 5 DFF
bolt stress area 817 mm2 enddate  20/10/2015 201759 life no DF 40352 life with DFF
bolt dia 36 mm no. records 18045
max Kenz operating B 17677 kNm duration 4130 days
11.3073238 years
154 1508846 29400 3.6 min 29400 min 514766.7 0.1 min min 1.196-19)
24973 240081567 4773562 5843 max 4773562 max 608850.1 2305 max max 3.226-05
sum over MIPEG history 5.604E-05
ACCOUNTING FOR PRETENSION 5147100458 N using NEW CRANE
Applicable Cyeles 1o
e tailure
parameters atstress
S
lackup: load
thicknes SN ) an balt . swessrangs S paor Damage
. coe | TEf tjuef k  nominal accounting  pretension A ccleshs T loga m log Nf nf ineurrad
record | moment bolt load bolt load per lookup for load bolt atstress S
no. | ™ |overal| ¥ hdl | ~|stress| ¥ hd hd hd A hd ~lbolt proportion  pretension  applied stress
tm Nm N N/mm2 mm mm N N N MPa MPa (1or2)
1 154 1508846 29400 360 36 F1 L 144 025 29400 0.049000561 5147667122 514710.0458 0138718217 1 2 1483 5 18.92338 8.38E+18 119€-19
2 5453 53491367 1042206 12758 36 F1 25 144 025 1042206 0368580113 5192544414 514710.0458 111245913 1 2 1453 5 9.402627 2.53E+09 0.00000000
3 1740 17066684 332550 4070 36 F1 5 144 025 332550 0554249513 5153510042 514710.0458 1.56905356 1 2 14832 5 1365586 4.53E+13 0.00000000
4] 2176 21351445 416040 5092 36 F1 25 144 025 416040 0693399388 5155119232 514710.0458 1962980124 1 2 14831 5 1316947 148E+13 0.00000000
5 3103 30437303 503080 7259 36 F1 5 184 025 593080 0988467382 515853.1507 514710.0458 2.79830334 1 2 14832 5 1239057 251E+12 0.00000000
6 3313 32487403 633222 7751 36 F1 L 144 025 633222 0027685105 516120.9683 514710.0458 3453910585 1 2 1483 5 1194249 B76E+11 0.00000000
7 2983 29260103 570142 6978 36 F1 25 144 025 570142 0550237194 515508.9417 514710.0458 2690075528 1 2 14532 5 1248522 3.06E+12 0.00000000
& 2473 24257003 472655 5785 36 F1 L 144 025 472655 0787758896 5156210447 514710.0458 2230107326 1 2 1483 5 12.89242 7.81E+12 0.00000000
9 4537 44512033 867331 10616 36 F1 25 144 025 86733.1 0222775819 517914.2228 514710.0458 7.84376241 1 2 14831 5 1016142 145E+10 0.00000000
10 2093 20531411 400061 4897 36 F1 25 144 025 40006.1 0.66676836 5154811259 514710.0458 1887588973 1 2 14832 5 1325651 1.80E+13 0.00000000
11 2304 22603119 440429 5391 36 F1 s 144 025 440429 0734048152 515558.9312 514710.0458 2078054807 1 2 14832 5 1304576 111E+13 0.00000000
12 2578 25287053 492726 6031 36 F1 25 144 025 402726 0.82121031 515659.7203 514710.0458 2.324806662 1 2 14532 5 1280211 6.34E+12 0.00000000
13 3123 30639307 597007 7307 36 F1 L 144 025 597017 0295027561 515860.7392 514710.0458 2816874891 1 2 1483 5 12.38521 243E+12 0.00000000
14 3282 3203190 620243 77.02 36 F1 25 144 025 629243 0024369153 5160004884 514710.0458 337920638 1 2 1453 5 1198992 9.77E+11 0.00000000
15 2579 25304875 493073 6035 36 F1 25 144 025 493073 0821789102 515660.3987 514710.0458 2326445194 1 2 14832 5 12.80058 6.32E+12 0.00000000
16 2752 2699799.%  52606.5 64.39 36 F1 25 144 025 526065 0.876774186 515723.9858 514710.0458 2482105306 1 2 14.832 5 1265995 457E+12 0.00000000
17 2388 23427159 456486 5587 36 F1 5 184 025 456486 0760809283 515589.879 514710.0458 2153814276 1 2 14832 5 1296801 9.29E+12 0.00000000

Figure 7-1 Illustration of calculation for bolt fatigue damage

Table 7-1 Calculated bolt fatigue - new crane

Crane Number of | Period covered by | Total damage Annual Implied life Implied life
MIPEG MIPEG records calculated, F1 damage rate | (no DFF) (DFF=5)
records (years) curve (years) (years)

BP

1,8045

11.3

5.604E-05

4.956E-06 201,759

40,352

BD

34,119

11.0

2.213E-05

2.013E-06 496,892

99,378

7.2

Fatigue in bolting flange

Fatigue was checked adjacent to the lower corner of the existing bolting flange, where it attached to the
conical portion of the pedestal. Principal stresses at a node located at the corner were used for the
calculation This is clearly less than t/2 from the corner and hence conservative.
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Figure 7-2 Location of node used for fatigue calculation

The calculation approach was similar to that used for the bolts (see section 7.1) in that it was based on
damage calculated for each MIPEG record to arrive at an annual damage rate, using the ‘D’ S-N curve.
However, for the flange damage from the existing crane was taken into account. As with the bolt
calculation, interpolation was used within the FE model results to take account of the nonlinearity of
stresses with load due to flange separation (see Figure 7-3).
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Figure 7-3 Principal stress range vs applied external load

Results of the calculation are shown in Table 7-2.
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Table 7-2 Calculated flange fatigue - old and new cranes
Old crane New crane
Crane | Number | Period Annual Total Remaining | Annual Implied life | Implied
of covered damage | damage, capacity damage (no DFF) life
MIPEG by MIPEG | rate 35 years rate (years) (DFF=5)
records | records (years)
(years)
3.395E-
BP 18045 11.3 04 1.188E-02 | 9.881E-01 2.221E-03 | 445 89
3.601E-
BD 34119 11.0 04 1.260E-02 | 9.874E-01 4.060E-03 | 243 49
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8 CONCLUSIONS

8.1 Strength

. Under operating loads,

o the calculated axial bolt stress is around 44% of yield for grade 10.9 bolts, the FE
analysis gave 76% yield including pretensioning;

o the calculated axial bolt stress is around 39% of tensile strength for grade 10.9 bolts, the
FE analysis showed 68% including pretensioning;

o the calculated flange bending stress is 35% of the specified flange material yield stress
and 32% of the actual yield stress shown in the material mill certificate /14/

. Under accidental loads,

o the calculated axial bolt stress is around 98% of yield for grade 10.9 bolts, the FE
analysis gave 93% yield including pretensioning;

o the calculated bolt axial stress is around 88% of tensile strength for grade 10.9 bolts, the
FE analysis gave 84% including pretensioning;

o calculating bending of the flange under the failure load of an M36 grade 10.9 bolt
indicates a bending stress of 292 MPa, below the specified 315 MPa yield stress of the
flange material; in practice some local yielding is likely due to local concentration effects.

8.2 Fatigue
The projected life for the platform is until 2035, i.e. 18 years if crane replacement takes place in 2017.
The fatigue lives of bolts under the anticipated new crane loads appear adequate, well in excess of 18

years. The fatigue lives of the flanges have been calculated as a minimum of 49 years, taking into
account a design fatigue factor (DFF) of 5, i.e. approximately 2.7 times the desired life.
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