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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 ½” 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 ½” 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 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 2-2 Kenz design for secondary adaptor 

  

Figure 2-3 M36 stud for attachment of new secondary adaptor 



 
 
 

 
Page 4 of 18 

 

 

DNV GL  –  Report No. 10016304\106\04\001TN, Rev. O  –  www.dnvgl.com  

 

Figure 2-4 Selected relevant dimensions, existing adaptor 

  

100 mm

Machining allowance 

max 3/16” (4.763 mm)

104.25” diameter (2648.0 mm)

94” diameter

(2387.6 mm)

Bolting pitch circle 112.25” diameter (2851.1 mm)

Gap 1/8”

(3.175 mm)

25”

(635 mm)
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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 

loads 

Accidental 

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. 

 



 
 
 

 
Page 6 of 18 

 

 

DNV GL  –  Report No. 10016304\106\04\001TN, Rev. O  –  www.dnvgl.com  

 

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. 

 

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 
load (kN) 

Axial load 
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. 

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

Symmetry on both 
faces of model

Loads applied at 
base of model



 
 
 

 
Page 8 of 18 

 

 

DNV GL  –  Report No. 10016304\106\04\001TN, Rev. O  –  www.dnvgl.com  

 

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 mm2. 

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% yield, 

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 = p.D.t = 8185 mm2 

Major diameter = p.D.t = 9613 mm2 

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/mm2 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/mm2 so thread capacity is 9613 x 230 = 2,210,990 N or 2211 kN. 
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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 c 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 
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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 10-6 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 10-6 / 106 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 mm2 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 

(kN) 

Flange moment 

(Nm) 

Flange elastic stress 

(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.) 

 

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, 

 Calculate the maximum nominal load on an individual bolt position on the bolt circle, due to the 

crane moment; 

 Interpolate to get the bolt load (see Figure 4-3)  
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 Calculate the change in bolt load, as the difference between pretension load and bolt load; 

 Calculate the stress range for this single cycle;  

 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 

 

 

Figure 7-1 Illustration of calculation for bolt fatigue damage 

 

Table 7-1 Calculated bolt fatigue - new crane 

Crane Number of 

MIPEG 

records 

Period covered by 

MIPEG records 

(years) 

Total damage 

calculated, F1 

curve 

Annual 

damage rate 

Implied life 

(no DFF) 

(years) 

Implied life 

(DFF=5) 

(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). 

 

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 

of 

MIPEG 

records 

Period 

covered 

by MIPEG 

records 

(years) 

Annual 

damage 

rate 

Total 

damage, 

35 years 

Remaining 

capacity 

Annual 

damage 

rate 

Implied life 

(no DFF) 

(years) 

Implied 

life 

(DFF=5) 

(years) 

BP 18045 11.3 
3.395E-
04 

1.188E-02 9.881E-01 2.221E-03 445 89 

BD 34119 11.0 
3.601E-
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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