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Abstract 

This master thesis is written on the University of Stavanger spring 2011 in collaboration with 

Subsea 7. When transporting hydrocarbons from seabed to top side on a jacket platform 

there is always the need of a riser. Risers are attached to the platform leg or bracing by 

means of riser clamps. The riser loads together with environmental forces transfers large 

stresses to the clamps. To ensure that the clamps can withstand these loads over the design 

life, several analyses have to be performed. This thesis covers the design methodology and 

the most important analyses using a FE (Finite Element) tool, on one of the clamps designed 

by Subsea 7 for the Ekofisk 2/4-B platform. 

Basically three analyses are performed; ULS (Ultimate Limit State) stress check and FLS 

(Fatigue Limit State) check for the clamp and the bolts, in addition to a non-linear slippage 

analysis. The action loads from the riser are given by the jacket operator. The environmental 

forces on the riser and the clamps are calculated to find the largest load combination in the 

horizontal- and vertical direction. For the various analyses different load- and material 

factors are applied to the forces. The worst load combination is applied in the analysis which 

is conducted in ANSYS, FE tool. The linear FE analysis has to be setup correctly to obtain 

good results. 

The results for the ULS stress check are in general within allowable limits, i.e. below design 

yield. There is however some peak stresses in local areas that are above design yield. 

Common practice is to conduct a non-linear analysis and check if the peak stresses are due 

to secondary effects. To disregard the secondary effects the plastic strain obtained in the 

non-linear analysis have to be insignificant. The results obtained indicate that the peak 

stresses are due to secondary effects, hence the clamp meets the requirements for the ULS 

criteria. 

In the FLS check three hot spots is checked including a weld. Stress ranges are obtained from 

the cyclical loads and the number of cycles during the design life calculated. The fatigue 

damage factor found shall not exceed the fatigue utilization factor calculated for the clamp. 

This ensures that the clamp will avoid fatigue damage in the design life. It is shown that 

welds are more fragile to fatigue than plated structures. Regardless all the hot spots are 

within allowable limits. 

The slippage analysis is performed to find out if there is enough statically friction force in the 

riser clamp to avoid the clamp from sliding. The clamping force is depended of the bolt pre-

tension. Too much tension can cause to high pressure on the jacket leg causing it to buckle 

and too low tension can cause the clamp to slip. The results show that there are sufficient 

sticking elements in the clamp to avoid slippage.  
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Preface 
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analyses on riser clamps. The tool used for the thesis was ANSYS v13 that is widely used in 
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1. Introduction 

When recovering hydrocarbons from platforms there is always the need of risers. A riser is 

defined as a vertical or near-vertical segment of pipe connecting facilities above water to the 

subsea- base or pipeline (Guo, Shanhong, Chacko, & Ghalambor, 2005). Friction clamps are 

used to attach the riser securely to the legs or braces of the platform and are widely used on 

all North Sea jackets both over and under the sea surface. Riser and riser clamps transfer 

substantial loads from wave and currents to the jacket structure. Depending on the pipeline 

and the riser system the thermal expansion of the pipe may be transferred to the jacket 

trough the riser clamps. Thus there is important to design and construct these clamps to 

achieve a specific design life for the different platform requirements.  

1.1. Scope of document 

Subsea 7 have designed six riser clamps for an 18” ID riser on the Ekofisk 2/4-B platform that 

are already fabricated and installed. Several analyses need to be performed to assess 

whether the clamps have enough capacity to support the riser. The purpose of this thesis is 

to understand the design methodology, perform the required analyses and discuss the 

results for the capacity of the clamp against the relevant acceptance criteria from specified 

code/standard. Further the aim includes to get familiar with the FE (Finite Element) tool and 

compare the results to previous results from Subsea 7 (Subsea 7 [Internal document], 2006). 

The scope of work also includes identifying the forces acting on the clamp and specifying the 

bolt pre-tension before checking the clamp against structural failure criteria. The main 

contents of the thesis outlined as below: 

 Specification of initial bolt tension and loss in tension 

 ULS stress check with pre-tension in bolts and environmental loads from supported 

riser 

 Non-linear slippage analyses  

 Check of jacket leg for new stresses 

 Fatigue check of critical details 

 Fatigue check of bolts 

 Summary and recommendations 

This means the thesis will basically cover analyses for stress and fatigue checks against 

environmental and riser loads. Slippage analyses will be conducted to ensure that the static 

friction force from the jacket clamp is large enough to prevent the clamp from sliding. 
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The thesis work mainly focuses on the design and analysis part. The other important design 

considerations such as influence of thermal expansion, corrosion and installation/fabrication 

tolerances are not covered in this work. 

1.2. Document description 

In chapter 2 an introduction of basic riser clamp designs are presented to get an impression 

on riser clamps. Chapter 3 gives a description of the clamps designed by Subsea 7 including 

details of their function, location and the differences between them. The processes to find 

the loads act on the clamp are described in chapter 4. Chapter 5 explains some useful 

definition of terms and methods used in FEA (Finite Element Analysis). The setup of the 

various FE analyses is described in chapter 6. In chapter 7 the results are presented as well 

as the acceptance criteria. The summary, conclusions and discussions are stated in chapter 

8. The references are found in chapter 9.  
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2. Basic riser clamp designs 

There are different clamp designs to the various areas of use. For shallow water risers (less 

than 100 feet) the riser is guided by encircling clamps, not suspended. For deep water risers 

there normally is a suspension clamp located above or below the waterline to restrain the 

riser laterally. A slight gap should be used for the encirclement clamps so that the riser can 

move vertically and hang off the suspension clamp. 

The spacing between each encirclement clamp is determined of the environmental loads, 

normally resulting in closer spacing in the splash zone. Near the seabed the spacing can be 

large due to the available bracing. The bottom clamp should not be too close to the sea 

bottom due to the expansion of the pipeline. Sometimes the clamps are attached to the 

jacket legs to have good support for the riser, but this exposes the riser for potential boat 

impact in the splash zone. 

2.1. Basic clamps 

The two most commonly used clamps are the anchor clamp and guide clamp shown in Figure 

2.1 and Figure 2.2, respectively. The guide clamps are designed to allow vertical movement 

and therefore have an internal diameter slightly larger than the riser diameter. Anchor 

clamps restrain the riser so it is fixed. If there is no need of an anchor clamp, the guiding 

clamps will carefully squeeze the riser to support it. Normally the clamps are hinged in one 

end to make them easier to install, but this depends upon the application. 

 
Figure 2.1 Typical anchor clamp 

(Guo,2005) 
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Figure 2.2 Typical guide clamp 

(Guo,2005) 

Figure 2.3 Widely used adjustable clamp 

(Guo,2005) 

 

2.1.1. Adjustable clamps 

Adjustable clamps have the possibility to change the position on the riser-end after installed 

on the jacket and are therefore more flexible. One of the most widely used adjustable clamp 

concept can be seen in Figure 2.3. It consists of a tubular stub piece fitted to the riser clamp. 

The adjustable stub piece is then connected to a vertical stub piece clamped to the bracing, 

like in the figure, or to a stub piece welded to the jacket. The maximum load of the stub 

piece is determined by the wall thickness where axial forces, shear forces and bending 

moments are taken into account. Adjustable stub pieces will result in large moments 

especially when the stub piece is fully extracted, and this will be transferred to the vertical 

stub piece and bracing in addition to the extra moment due to the offset of the vertical stub 

piece. This results in larger stiffness and higher grade materials. 

Another type of adjustable clamp is shown in Figure 2.4. The clamp is used for the diagonals 

on jackets in the North Sea. Figure 2.5 illustrates another type that have a double clamp for 

the bracing and the stub piece and a single clamp for the riser connection. The double clamp 

can also be adjusted in the rotational plane as shown in Figure 2.6 to allow even more 

misalignment of the riser. 



 

 

 

Basic riser clamp designs 
 

 

5 
- Finite element analysis of a friction clamp located on a North Sea jacket - 

 
Figure 2.4 Another adjustable clamp 

(Guo,2005) 

 

 
Figure 2.5 Double clamp design 

(Hauber, 1973) 

 
Figure 2.6 Rotating dual clamp 

(Hauber, 1973) 

 

2.1.2. Stub piece connection clamps 

In addition to the vertical stub piece seen before in Figure 2.3, another alternative is to weld 

on a stub piece with a flange on the jacket. Figure 2.7 shows one with a plated clamp design 

and one with a tubular clamp design. 
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2.1.3. Load-bearing clamps 

Load-bearing clamps are normally located above sea level and can either be welded directly 

on the jacket or be connected using a friction grip clamp. The strength of the stub piece 

depends of the fixity of the riser in the riser clamp. If it is completely fixed, all forces and 

moments will be transferred to the clamp and the stub piece has to be stronger. When the 

riser is to be seated, the riser is fitted with a flange that sits on top of the load-bearing riser 

clamp. The flange faces can be bolted together or resting on each other (see Figure 2.8). If 

the connection is not bolted, only translational and vertical forces will be transferred to the 

clamp resulting in a lighter clamp design than if the connection is bolted. During installation 

and testing of riser and pipeline, a temporary weight clamp (shown in Figure 2.9 and Figure 

2.10) can be used to transfer the weight to the load-bearing clamp. 

 
Figure 2.7 Stub piece clamp 

(Guo,2005) 

 
Figure 2.8 Typical load-bearing clamp 

(Guo,2005) 
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Figure 2.9 Temporary weight clamp 

(Guo,2005) 

 
Figure 2.10 Another temporary weight clamp 

(Guo,2005) 
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3. Clamp study 

The clamps in this thesis are of the type guiding clamps i.e., they make sure that the riser 

doesn’t move in the horizontal direction while the vertical forces and weight of the riser is 

taken by a riser hang-off on the cellar deck. 

There are constructed six clamps with different jacket OD and different elevations, data can 

be seen in Table 3.1. 

Riser clamp Jacket leg OD [inch] Elevation (from seabed) [m] 
Riser clamp 1 45 10,000 
Riser clamp 2 45 25,000 
Riser clamp 3 45 40,000 
Riser clamp 4 45 54,000 
Riser clamp 5 46 66,000 
Riser clamp 6 42 78,000 

Table 3.1 Clamp data 

A drawing of the connection positions for the clamps on the jacket is presented in Appendix 

A. Special attention has to be taken for clamp 6 which according to the drawing is in the 

splash zone. In this zone there will be considerable larger forces due to wave loads and 

corrosion protection may not be sufficient. 

Detailed clamp drawings are found in Appendix A. From the drawings, it can be seen that the 

clamps in general consist of three parts: the riser clamp assembly, jacket leg clamp assembly 

and clamp support bracket (see Figure 3.1). 

 
Figure 3.1 Clamp description 
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The support bracket transfers the force from the riser clamp to the jacket leg clamp. The 

bracket consists of many stiffener plates to make sure it is strong enough to withstand forces 

form different directions. The stiffeners are designed with smooth curves to avoid hot spots 

where stress concentrations can build up. The riser clamp assembly and the bracket are 

fitted together with a flange so there is the possibility for some adjustment under 

installation.  

The riser clamp assembly consists of two shells connected with hinges for easier installation, 

and bolted together. The inside of the shells is coated with ribbed neoprene, a rubber-like 

coating, which will damp and take up small impact loads form the riser. The edges on the 

inside of the shells are rounded so that no sharp corners will wear on the riser. Also a riser 

bumper is part of the riser clamp for easier installation of the riser when guiding it into 

position. 

The jacket leg clamp assembly also consists of two shells with hinges and bolts. The bracket 

is welded to the front shell. There is space between the clamp shells to make sure that the 

diameter of the clamp is smaller than the diameter of the leg when the clamp is tightened. 

Vertical plates with stiffeners support the tension from the bolts. The edges are rounded like 

the guide clamp of the same reason but to avoid damage on the jacket leg instead of the 

riser. 

There are some differences between the clamps.  Clamps 2, 3 and 4 are identical. Also clamp 

5 is very much alike but has a larger diameter for the jacket clamp. Clamps 1 and 6 have 

different geometry. In addition clamp 6 uses another bolt material since it is in the splash 

zone. The riser guides are the same for all clamps except for clamp 6. 

The clamp steel has these properties: 

Yield strength 355 [MPa] 
Tensile strength 510 [MPa] 
E-modulus 207000 [MPa] 
Poisson ratio 0.3  
Density 7850 [kg/m3] 
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4. Pre analysis work 

4.1. Bolt specification 

Bolts are the connection elements in the jacket clamp and the riser clamp, and it’s very 

important that the quality and strength are sufficient to ensure the specific design life. 

Different bolts have to be selected for different environments, like above and below water, 

and the pre-tension has to be correct to endure the dynamic loads and avoid fatigue. There 

have been situations where clamps have slipped and slide down the jacket leg because of 

pre-tension loss. 

The most common bolts used for clamps are stud bolts. A stud bolt is basically a treaded rod 

which is fastened with nuts on each side. Earlier stud bolts were only treaded in the ends but 

they had a tendency to fail in the transition between the bar and the treads. Therefore it is 

now normal practice to use fully treaded stud bolts to prevent such stress concentrations. 

To avoid bending stress in the stud bolts the bolt holes are in general large and spherical 

washers are used. If the length-diameter ratio of the rod are larger than 20 (L/D>20) a 

spherical nut and a spherical washer is used, see Figure 4.1. If the ratio is smaller than 20 

(L/D<20) the assembly have a plane nut with a spherical seating washer on top of the 

spherical washer like in Figure 4.2. 

 

 
Figure 4.1 L-D ratio more than 20 

(Scott, 1985) 
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Figure 4.2 L-D ratio less than 20 

(Scott, 1985) 

4.1.1. Bolt quality 

The quality depends upon the strength, environment exposure, corrosion resistance 

requirements and toughness requirements. The requirements are different when it is 

subsea, in the splash zone or on the deck side. Subsea 7 have been part of a Joint Industry 

Project (JIP) called “Bolts and Nuts”, see Appendix B. The purpose was to create a guideline 

for the specification, design and installation of fasteners for the offshore oil and gas industry. 

The content is gathered from different standards (e.g. ISO, ASTM, and NORSOK) and 

intended as a guideline, but should not replace these standards. 

The JIP concludes that: 

 L7 bolts are recommended subsea with cathodic protection (CP) 

 In the splash zone and where CP cannot be ensured alloy 625 fasteners should be 

used. 

The report also recommends using ASTM A194 Grade 4 or Grade 7 nuts for L7 bolts. The 

chosen materials with mechanical properties are summarized in Table 4.1. 
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 Type Yield strength Ultimate strength 
Bolts ASTM A320, Grade L7 730 N/mm2 860 N/mm2 
Nuts ASTM A193, Grade 4/S3   
Spherical washers Steel   
In the splash zone:  
Bolts Inconel 625 414 N/mm2 830 N/mm2 
Nuts Inconel 625   
Spherical washers Inconel 625   

Table 4.1 Bolt material data 

The bolt sizes can be seen in Table 4.2. Note that the drawings aren’t up to date. The M27 

stud bolts have been changed to M33. 

Riser clamp 
Riser guide Jacket clamp 

Dimensions 
X Grip length 

Nominal stress 
area, As 

Dimensions 
X Grip length 

Nominal stress 
area, As 

Riser clamp 1 M33 X 700 694 mm2 M45 X 780 1265 mm2 

Riser clamp 2 M33 X 700 694 mm2 M45 X 780 1265 mm2 

Riser clamp 3 M33 X 700 694 mm2 M45 X 780 1265 mm2 

Riser clamp 4 M33 X 700 694 mm2 M45 X 780 1265 mm2 

Riser clamp 5 M33 X 700 694 mm2 M45 X 780 1265 mm2 

Riser clamp 6 M33 X 700 694 mm2 M45 X 780 1265 mm2 

Table 4.2 Bolt sizes 

The length-diameter ratio for the riser guide bolts are: 

0
. B 700

33 B 21,2 G 20 

The ratio for the jacket clamp bolts are: 

0
. B 780

45 B 17,3 K 20 

Hence, there should be used spherical washer with spherical nut for the riser guide bolts and 

a seating washer with spherical washer for the jacket clamp bolts. 

4.1.2. Pre-tension and tension loss 

Bolts have low fatigue strength. For this reason the dynamic loads in the bolt have to be as 

low as possible. This is achieved by pre-loading the bolts under installation. From Figure 4.3 

it can be seen that the pre-tension, F0, is low. Because of this the bolt, Fbd, takes a larger 

portion of the dynamic load, Fd, than the foundation, Ffd. As shown in Figure 4.4 the pre-

tension is larger, so the foundation takes more of the load while the bolt takes a much 

smaller share of the load. Bolts with a high length-diameter ratio have a lower stiffness than 

bolts with a low ratio. For more theory see (Waløen, 1976) and (Gelgele, 2008). 
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According to Hooke’s law; a bolt with a displacement with low stiffness will experience a 

lower load than a bolt with higher stiffness (F=kx). Therefore a higher length-diameter ratio 

will result in lower fatigue. 

Experience shows that over the time bolts will get a relaxation, or loss in pre-tension, 

because of plastic deformation in the foundation, bolt, etc. Thus the pre-tension should be 

as large as possible, but because of uncertainties in friction factors etc., it is hard to know 

the exact pre-load and the bolt can easily be damaged. It is common practice to use about 

70-75% of yield stress for the pre-tension. 

According to NS 3464 the maximum allowable pre-tension is: 

���� B 0,63 · ��� · �� 

where, 

��� = ultimate stress of the bolt 
�� = share area 
  

And according to North Sea Design Premises1 (ConocoPhillips [Internal document], 1993), 

the initial relaxation after pre-tension is 15-20% and long term relaxation is 15%. These 

values are only to be used for initial design. For practical engineering work these values 

should be confirmed by the tensioner-jack supplier. To be on the safe side 20% is chosen for 

the initial relaxation. For the riser guiding clamps and Inconel 625 bolts the initial relaxation 

is 15%. This is because slippage is not critical for the riser guides and the Inconel 625 bolts 

are more ductile than the A320 bolts, therefore the Inconel 625 bolts will have a lower 

tension. The results can be seen in Table 4.3: 

                                                      
1 The North Sea Design Premises (NSDP) is an internal document from ConocoPhillips, one of the Subsea 7 
clients. 

Figure 4.3 Diagram with low pre-tension Figure 4.4 Diagram with high pre-tension 
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M45 M33 

A320 L7 [kN] Inconel 625 [kN] A320 L7 [kN] Inconel 625 [kN] 

Theoretical pre-tension 685,4 661,5 376,0 362,9 

Compared to yield 74,2 % 126,3 % 74,2 % 126,3 % 

Initial relaxation 20 % 15 % 15 % 15 % 

Initial residual pre-tension 548,3 562,2 319,6 308,5 

Long term relaxation 15 % 15 % 15 % 15 % 

Lon term pre-tension 466,1 477,9 271,7 262,2 
Table 4.3 Pre-tension, initial calculations 

As mentioned, common practice is to use 70-75% of yield stress for pre-tension. From Table 

4.3 it can be seen that the A320 bolts are good, but the Inconel 625 bolts are exceeding the 

75% by much. This is not accepted. Therefore the theoretical pre-tension is set to 75% of 

yield for the Inconel bolts. This is shown in Table 4.4. 

  
  

M45 M33 

A320 L7 [kN] Inconel 625 [kN] A320 L7 [kN] Inconel 625 [kN] 

Theoretical pre-tension 685,4 392,8 376,0 215,5 

Compared to yield 74,2 % 75,0 % 74,2 % 75,0 % 

Initial relaxation 20 % 15% 15 % 15 % 

Initial residual pre-tension 548,3 333,9 319,6 183,2 

Long term relaxation 15 % 15 % 15 % 15 % 

Lon term pre-tension 466,1 283,8 271,7 155,7 
Table 4.4 Pre-tension, corrected calculations 

4.1.3. Tension tool 

Common method subsea for pre-tension of bolts is to use axial hydraulic devices. They 

grip around the stud bolt and stretches it by hydraulic power to the desired tension, and 

the nut is then tighten through the opening in the bottom with a Tommy bar as seen in 

Figure 4.5. Such tools are accurate compared to a torque wrench because it eliminates 

the friction between the nut and foundation. An example of such equipment that could 

handle the pre-tension for the clamps is the Aqua-jack tool from Hydratight (see Figure 

4.6). From the datasheet in Appendix C, tool no. AJ3 and AJ5 should be able to pre-

tension the bolts for all clamps. 
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Figure 4.5 Axial tensioning 

principle (Hydratight, 2011) 

Figure 4.6 The Aqua-jack subsea bolt tensioner 

(Hydratight, 2011) 

4.2. Riser and clamp loads 

The weather in the North Sea is harsh and the forces on the riser can be large especially 

from the waves. The environmental loads (current and waves) will act on the riser and the 

guide clamp, and be transferred to the jacket clamp. 

 

 

 

 

 

 



 

 

 

Pre analysis work 
 

 

16 
- Finite element analysis of a friction clamp located on a North Sea jacket - 

4.2.1. Riser loads 

Table 4.5 presents given inputs of the support reactions from the platform operator: 

Support 
Elevation 

Load 
Support reactions [kN] 

FY (North) FX (East) FZ (Vertical) 

Elevation 
+78000 

Functional loads 13 -6 2 
Installation loads ±6 ±1 ±1 
Max. wave load ±131 ±137 ±16 

Elevation 
+66000 

Functional loads -29 4 -4 
Installation loads ±19 ±1 ±3 
Max. wave load ±166 ±169 ±20 

Elevation 
+54000 

Functional loads 32 -2 4 
Installation loads ±27 ±5 ±4 
Max. wave load ±151 ±146 ±19 

Elevation 
+40000 

Functional loads 15 5 2 
Installation loads ±23 ±13 ±3 
Max. wave load ±126 ±118 ±15 

Elevation 
+25000 

Functional loads -46 -20 -6 
Installation loads ±14 ±12 ±2 
Max. wave load ±89 ±87 ±11 

Elevation 
+10000 

Functional loads 164 72 21 
Installation loads ±4 ±4 0 
Max. wave load ±69 ±66 ±9 

Table 4.5 Support reactions 

The axis system is given with y-axis pointing north, x-axis east, and z-axis upwards. The 

waves and currents that act on the clamp, and self-weight as well, is not included. Note that 

the functional loads are fixed in space and act simultaneously. The wave and installation 

loads could both vary 360° in direction and the vertical loads vary upwards and downwards. 

4.2.2. Clamp loads 

The waves and currents will not only act on the riser but also on the clamp, especially on the 

bracket. The wave and current forces are larger when applied perpendicular on the clamp. 

Therefore the loads are applied as shown in Figure 4.7. According to DNV-RP-C205 and 

Morison’s load formula the sectional force is given as: 

�� B AN1 ; ��O�$& ; 1
2 A��.$|$| 

where, 

A = mass density of fluid 
�� = added mass coefficient (with cross-sectional area as reference area) 
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� = cross sectional area 
$&  = fluid particle acceleration
�� = drag coefficient 
. = diameter or typical cross
$ = fluid particle (waves and/or current) velocity
 

The total force consists of an added mass/inertia component and a drag component. The 

coefficients for added mass and drag can be found in 

The acceleration and velocity are not in

of these two components. The 

vertical force can be found in

with height/diameter of 0.8 m and

and the wave period, T, are set to be 

gives a maximum wave height of 24.3 m

0.7 m/s and in the same direction as the waves.

 

 

 

 

 

Figure 
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fluid particle acceleration 

al cross-sectional dimension 
s and/or current) velocity 

The total force consists of an added mass/inertia component and a drag component. The 

coefficients for added mass and drag can be found in Appendix D and E of the 

eleration and velocity are not in phase, so the maximum force will be a combination 

The spreadsheets developed to find the largest horizontal and 

found in Appendix D. For simplicity the clamp is regarded

m and a projected length of 2 m. The significant wave h

set to be 13.1 m and 14.5 s, respectively (see 

a maximum wave height of 24.3 m (Hmax=1.86Hs). The current velocity 

0.7 m/s and in the same direction as the waves. 

 
Figure 4.7 Wave and current on clamp 
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The total force consists of an added mass/inertia component and a drag component. The 

of the DNV-RP-C205. 

the maximum force will be a combination 

to find the largest horizontal and 

regarded as a cylinder 

gnificant wave height, Hs, 

see Figure 4.8). This 

velocity is assumed to be 
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Figure 4.8 Significant wave height H

and peak period Tp (NORSOK N

 

For Airy wave theory in general water depth

Horizontal particle velocity, # 

Horizontal particle acceleration,

Vertical particle velocity, % is:

Vertical particle acceleration, 
 

 

where, 

d = mean water depth 
H = trough-to-crest wave height
k = 2π/λ = wave number 
λ = wave length 
T = wave period 
z = distance from mean free surface positive upward
θ = kx-ωt; ω = 2π/T = angular wave frequency
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Significant wave height Hs 

(NORSOK N-003) 

Figure 4.9 Wave length as function of wave period

(DNV-RP-C205)

For Airy wave theory in general water depth (water depth is 73.8 m): 

 is: 
Q�
�

coshV2N7 ; 1OW
sinhN21O cos Z 

Horizontal particle acceleration, #&  is: 
2Q[�

�[
coshV2N7 ; 1OW

sinhN21O sin Z 

is: 
Q�
�

sinhV2N7 ; 1OW
sinhN21O sin Z 

 %&  is: \ 2Q[�
�[

coshV2N7 ; 1OW
sinhN21O cos Z 

crest wave height 

= distance from mean free surface positive upward 
ωt; ω = 2π/T = angular wave frequency 
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The wave length, λ, is found to be 310 m using Figure 4.9. For the clamps within ±12.15 m 

(24.3/2) of the mean sea level, i.e. the two upper clamps can experience wave 

slamming/impact. The others will be fully submerged at any time and the conventional 

Morrison’s equation with drag and added mass terms should be used. 

In DNV-RP-C205 the slamming section force on a vertical slender structure is given as: 

�� B 1
2 A��.$[ 

where 

A = mass density of fluid 
�� = slamming/impact coefficient 
. = diameter or typical cross-sectional dimension 
$ = fluid particle velocity 
 

The slamming coefficient according to DNV should be 5.15 for a cylinder but the maximum 

slamming force doesn’t act on the whole section area at once. The force only act on a small 

fraction of the area in the beginning and then gets distributed over the rest of the area until 

it is pure drag. Therefore it is common to use a higher drag coefficient instead of the 

slamming force. A drag coefficient of 2.4 for the top clamps is a good assumption. 

The largest horizontal forces on the clamp due to wave/slamming and current loads 

identified in Appendix D are listed in Table 4.6. 

Riser clamp Elevation z-value [m] Horizontal wave force [kN] 
Riser clamp 6 78000 4,2 96,2 
Riser clamp 5 66000 -7,8 65,4 
Riser clamp 4 54000 -19,8 37,1 
Riser clamp 3 40000 -33,8 26,4 
Riser clamp 2 25000 -48,8 20,0 
Riser clamp 1 10000 -63,8 17,1 

Table 4.6 Maximum horizontal wave forces on clamp 

In Table 4.7 the largest vertical forces are listed. 

Riser clamp Elevation z-value [m] Vertical wave force [kN] 
Riser clamp 6 78000 4,2 66,4 
Riser clamp 5 66000 -7,8 39,0 
Riser clamp 4 54000 -19,8 -18,0 
Riser clamp 3 40000 -33,8 8,9 
Riser clamp 2 25000 -48,8 -3,7 
Riser clamp 1 10000 -63,8 -1,3 

Table 4.7 Maximum vertical wave forces on clamp 
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The combined force of the horizontal and vertical forces is also presented in Appendix D. It 

can be seen that the combined force is dominated by the horizontal force and peaks when 

the horizontal force peaks (t=14s). These values can be seen in Table 4.8.  

Riser clamp Elevation z-value [m] Vertical wave force [kN] 
Riser clamp 6 78000 4,2 -5,7 
Riser clamp 5 66000 -7,8 -4,6 
Riser clamp 4 54000 -19,8 -3,7 
Riser clamp 3 40000 -33,8 -2,6 
Riser clamp 2 25000 -48,8 -1,6 
Riser clamp 1 10000 -63,8 -0,6 

Table 4.8 Vertical wave forces when horizontal peaks 

4.2.3. Self-weight 

The self-weight of the clamps were given by Subsea 7 and are listed in Table 4.9. 

Riser clamp Elevation Self-weight [kN] 
Riser clamp 6 78000 -36,0 
Riser clamp 5 66000 -31,5 
Riser clamp 4 54000 -31,5 
Riser clamp 3 40000 -31,5 
Riser clamp 2 25000 -31,5 
Riser clamp 1 10000 -36,0 

Table 4.9 Weight of clamps 

The forces act downwards. 

4.2.4. Hydrostatic pressure 

The enclosed area in between the stiffener plates in the bracket arm will experience 

hydrostatic pressure from the water. The water pressure increases 10 kPa for each meter of 

water depth. On the surface the pressure is 1 atm, equal to 101,325 kPa. This will give the 

clamps an absolute pressure of 1 atm plus the pressure from the water depth. But since the 

clamps are manufactured onshore under atmospheric pressure the gauge pressure acting on 

the clamp will only be the pressure due to water depth. The hydrostatic pressure for the 

different camps is shown in Table 4.10. Pressure due to waves washing over the clamps in 

the splash zone is small and neglected. 
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Riser clamp Water depth [m] Pressure [MPa] 
Riser clamp 6 -4,2 0 
Riser clamp 5 7,8 0,078 
Riser clamp 4 19,8 0,198 
Riser clamp 3 33,8 0,338 
Riser clamp 2 48,8 0,488 
Riser clamp 1 63,8 0,638 

Table 4.10 Hydrostatic pressure 

4.3. Critical load combinations 

For the ULS stress and the slippage analysis the critical load combinations are needed to find 

the correct load factors. The load combination contributing to the largest moments on each 

clamp will be used. According to NORSOK N-001 the ultimate limit state shall be checked for 

two action combinations, a and b, with the action factors presented in Table 4.11. 

Action combination Permanent actions Variable actions Environmental actions 
a 1,3 1,3 0,7 
b 1,0 1,0 1,3 

Table 4.11 Action factors for ULS 

4.3.1. Horizontal load combination 

The horizontal loads listed in Table 4.5 and Table 4.6 are combined and proper action factors 

applied according ULS criteria. Appendix E presents the spreadsheet developed to identify 

the largest twisting moments around the vertical axis, i.e. the jacket leg. To achieve the 

largest moments the variable riser loads (wave and installation loads) act perpendicular to 

its moment arm, i.e. in the 135° direction or 315° direction. At the same time the wave and 

current forces act in the same direction as the riser loads (see Figure 4.10). The functional 

loads are fixed. Note that in Appendix E the reaction loads listed in Table 4.5 are converted 

to riser loads, i.e. opposite direction. The functional and installation loads are categorized as 

permanent action and wave loads as environmental actions. For the horizontal forces the FY-

values (north) are used and applied for the 135°/315° direction. 
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Figure 4.10 Force directions 

 

The forces presented in Table 4.6 act perpendicular to the stiffener plates, i.e. 155° or 322° 

direction, as seen in Figure 4.10. Even though the wave forces on the clamp do not act in the 

exact same direction as for the riser (155/322 and 135/315) it is assumed that they can occur 

from the same wave conditions. The results from the spreadsheet can be seen in Table 4.12. 

Riser clamp 
Sum of moments ULS-a [kNm] Sum of moments ULS-b [kNm] 

135° 315° 135° 315° 

Riser clamp 6 319,5 -187,4 535,2 -370,3 

Riser clamp 5 282,6 -371,6 537,9 -563,4 

Riser clamp 4 391,6 -236,7 574,5 -431,0 

Riser clamp 3 288,9 -233,8 446,6 -386,8 

Riser clamp 2 134,1 -224,0 262,7 -318,7 

Riser clamp 1 306,4 65,0 360,7 -63,8 
Table 4.12  Largest moments about jacket leg 

The max values, in bold, show the load combination that gives the largest twisting moment 

about the jacket leg for each clamp. 

4.3.2. Vertical load combination 

To identify the most critical vertical load combination (see Appendix E) the FZ-values 

(vertical) in Table 4.5 are used. The functional loads are fixed and the others, which can vary, 

applied up- and downward. The jacket leg has an inclination of 7°. Therefore the forces from 

the riser and the self-weight are converted to be parallel to the jacket leg while the wave 
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loads on the clamp already are parallel.

is neglected. The clamp wave loads

as the gravity. The wave loads 

4.11. The moment arms are found 

in Table 4.13.  

Riser clamp 
Sum of moments ULS

Up

Riser clamp 6 

Riser clamp 5 

Riser clamp 4 

Riser clamp 3 

Riser clamp 2 

Riser clamp 1 
Table 

The max values, in bold, show

axis perpendicular to the jacket leg

4.4. Slippage 

Slippage can occur when there is not enough static

clamp this is important between the jacket

the connection between the riser guide shells

sufficient to create enough static friction force so that no slippage occurs. 

subsea 7 is to use a safety factor of 2 

analysis. 
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loads on the clamp already are parallel. The horizontal component due to the parallelization 

clamp wave loads are conservatively applied downwards 

loads and gravity act on the top of the bracket

found using ANSYS. The results from Appendix 

Sum of moments ULS-a [kNm] Sum of moments ULS

Up Down Up 

-64,0 -116,4 -78,1 

-11,3 -86,4 -8,7 

-16,0 -93,6 3,3 

-12,3 -72,7 7,2 

4,8 -38,4 18,2 

-79,7 -106,2 -48,0 
Table 4.13  Largest moment in the vertical plane 

bold, show the load combination that gives the largest moment about the 

axis perpendicular to the jacket leg axis. 

occur when there is not enough static friction between two surfaces. 

between the jacket clamp/jacket leg connection and to some extent 

the connection between the riser guide shells. The pre-tension in the bolts have to be 

sufficient to create enough static friction force so that no slippage occurs. 

factor of 2 on all external loads when performing

Figure 4.11 Vertical loads 
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t due to the parallelization 

downwards in same direction 

ket as seen in Figure 

Appendix E are presented 

Sum of moments ULS-b [kNm] 

Down 

-169,5 

-130,3 

-117,1 

-87,2 

-50,1 

-97,1 

load combination that gives the largest moment about the 

friction between two surfaces. For the 

tion and to some extent 

tension in the bolts have to be 

sufficient to create enough static friction force so that no slippage occurs. Normal practice at 

on all external loads when performing a slippage 

 



 

 

 

Pre analysis work 
 

 

24 
- Finite element analysis of a friction clamp located on a North Sea jacket - 

4.5. New stresses in jacket leg 

The jacket leg is a cylindrical hollow column and can therefore be considered as a pipe. 

When the clamp is squeezed around the jacket leg it will apply pressure similar to how 

hydrostatic pressure adds hoop stress to a pipe section. This application can therefore be 

simplified as a pipe influenced by surrounding pressure. In NORSOK N-004 the hoop buckling 

stress can be calculated: 

)*,� B "�.
25 ] ��

'(�
 

where, 

)*,� = design hoop stress 
"� = design pressure 
�� = yield stress 

'(� = material factor buckling 
D = outer diameter 

4.6. Fatigue (FLS) 

According to NORSOK N-004 the aim of fatigue check is to ensure that the structure will have 

adequate fatigue life. Simplified this means that the structure shall not fail because of 

cracking during the design life of the structure. For fatigue it is the cycling loads that are 

assessed, i.e. wave loads. For FLS a factor of 1.0 is used for the environmental loads (see 

Table 4.14). 

Action combination Permanent actions Variable actions Environmental actions 
FLS   1.0 

Table 4.14 FLS factors 

In addition according to NORSOK N-004 the number of load cycles shall be multiplied with 

the appropriate factor in Table 4.15. 

Classification of structural 
components based on damage 
consequence 

Access for inspection and repair 
No access or in 
the splash zone 

Accessible 
Below splash 

zone 
Above splash 

zone 
Substantial consequences 10 3 2 
Without substantial consequences 3 2 1 

Table 4.15 Design fatigue factor (DFF) 

For simplicity all clamps are classified as “No access or in the splash zone” and the “Without 

substantial consequences”. This means that a DFF factor of 3 is to be used in the 

calculations. The design life for the clamps is given to be 23 years. 
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The maximum wave load in the worst direction is conservatively used for the fatigue 

calculations. The simplified fatigue analysis in DNV-RP-C203 is used: 

. B +!��
�� 4�Γ 91 ; 3

- < ] > 

where, 

4 B ∆)�
Nln  !O`/* 

4 = Weibull scale parameter 
+! = average zero-crossing frequency 
�� = design life in seconds 
�� = intercept of the design S-N curve with the log N axis 
3 = negative inverse slope of the S-N curve 
h = Weibull stress range shape distribution parameter 
∆)� = stress range exceeded once out of n0 cycles 
 ! = the number of cycles over the time period for which the stress range level  

∆)� is defined 

Γ 91 ; 3
- < = gamma function 
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5. Definitions 

Before reading the next chapters, there are some definitions and concepts that can be 

helpful in order to understand the context. 

5.1. Linear vs. nonlinear analysis 

In a linear analysis the equations obey Hooke’s law: 

� B 26 

where, 

� = force 
2 = stiffness (constant) 
6 = displacement 
 

This means that the relationship between force and displacement (and stresses) is constant. 

If the force doubles, the displacement also doubles (see Figure 5.1). For example certain 

materials like steel, obey Hook’s law in the elastic region where stress vs. strain is close to 

linear (yellow in Figure 5.2). The equation can be converted to this form: 

) B /b 

There are in general three forms of nonlinearities: 

 Geometric nonlinearities: Large deformations in a structure can cause non-linear 

behavior due to change in geometric configurations. 

 Material nonlinearities: When the stress is in the plastic region (red in Figure 5.2) the 

material cannot be looked at as linear any more. 

 Contact: Nonlinearity can come from an abrupt change in stiffness when two 

surfaces are coming into contact with each other. 

 
Figure 5.1 Linear curve 

(ANSYS,2005) 
 

Figure 5.2 Elastic vs. Plastic 
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In a non-linear analysis the stiffness depends 

� B 2N6O6 

This means that if the force doubles the displacement 

non-linear analysis uses iterations to find the solution because the relationship between 

and x is not known in beforehand

5.2. Convergence

As mentioned above non-linear solutions have to be iterated.

the Newton-Raphson Method

until the result is within a limit

the solution has converged. In 

steps, i.e. two changes in the loading, F

two substeps, Fa1 and Fa2. This means that 50% of the load F

until it converges, and then the second 50% 

in three substeps. Both loads have five iterations resulting in; two load steps, 

ten iterations. (A force convergence graph from the ULS analysis is shown in 

5.3. Nonlinear contacts

A contact is non-linear when two surfaces touch each other such that they become mutually 

tangent (ANSYS, 2005). Linear con

solve, but non-linear contacts like frictional are hard to solve because the program have to 

iterate to obtain a solution. 

Figure 5.3 Nonlinear curve

(ANSYS,2005) 
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linear analysis the stiffness depends upon the displacement: 

This means that if the force doubles the displacement necessarily doesn’t

linear analysis uses iterations to find the solution because the relationship between 

in beforehand. 

Convergence, load steps and substeps 

linear solutions have to be iterated. The iteration method used is 

Raphson Method which uses a series of linear approximation

until the result is within a limit. When the limit is reached the equation is

In Figure 5.4 a simple example is presented. There are two load 

. two changes in the loading, Fa (red) and Fb (yellow). Load Fa is again divided into 

. This means that 50% of the load Fa is applied in the first iteration 

until it converges, and then the second 50% is applied. When Fa has converged

Both loads have five iterations resulting in; two load steps, 

(A force convergence graph from the ULS analysis is shown in 

Nonlinear contacts 

when two surfaces touch each other such that they become mutually 

. Linear contacts like bounded or “glued” are fairly easy and quick

contacts like frictional are hard to solve because the program have to 

 
Nonlinear curve Figure 5.4 Newton-Raphson Method

(ANSYS, 2005)

 

27 
ea jacket - 

doesn’t (See Figure 5.3). A 

linear analysis uses iterations to find the solution because the relationship between F 

The iteration method used is 

eries of linear approximation with corrections 

When the limit is reached the equation is in equilibrium and 

d. There are two load 

is again divided into 

is applied in the first iteration 

converged, Fb is applied 

Both loads have five iterations resulting in; two load steps, 5 substeps and 

(A force convergence graph from the ULS analysis is shown in Figure 5.5.) 

when two surfaces touch each other such that they become mutually 

“glued” are fairly easy and quick to 

contacts like frictional are hard to solve because the program have to 

 
Raphson Method 

(ANSYS, 2005) 
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Figure 5.5 Force convergence graph 

 

As mentioned, for non-linear contacts the systems contact status is dependent upon the 

stiffness. The stiffness is the most important parameter affecting both accuracy and 

convergence behavior. When two objects come into contact with each other they physically 

cannot interpenetrate. Therefore the FE program has to establish a relationship between the 

objects so they do not pass through each other. When this happens the program have 

enforced contact compatibility. When having penetration the program has failed to enforce 

contact compatibility. To manage this there are different mathematical algorithms available 

for the user to choose from. For frictional there is: 

 Pure Penalty:  �c����d B 2c����d6��c�e��ef�c 

 Augmented Lagrange:  �c����d B 2c����d6��c�e��ef�c ; ? 

 Normal Lagrange:  �c����d B .g� 
 

From the Pure Penalty and Augmented Lagrange it can be seen that ideally the normal 

stiffness should be infinite, which will result in zero penetration. This is not numerically 

possible but as long as the penetration is small or negligible the result will be accurate. The 

penetration should be less than 1-2% of the target element thickness. A high stiffness results 

in good accuracy but can cause oscillation in the convergence because the objects are 

bouncing off each other. Because the Augmented Lagrange has an additional term, λ, it is 

not that sensitive to the stiffness. This results in minimum penetration and good 

convergence. The Normal Lagrange adds an additional degree of freedom, contact pressure. 

This means that normal stiffness is not needed and the penetration is near zero, but the 

computer time is longer. 
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5.4. Discontinuities 

Secondary stresses can come from discontinuities and lead to high local or nodal peak 

stresses. Such stresses is usually “fake” and can come from sudden changes in geometry 

(geometrical discontinuity) or from changes in material properties (material discontinuity), 

e.g. between two objects with different materials. “Fake” stresses from discontinuity, if 

proven, can be disregarded.  
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6. Analysis setup in ANSYS 

The FE (Finite Element) analyses for the clamp design were performed using the general FE 

software ANSYS v13. ANSYS v13 workbench starts up with a project where analyze type is 

decided. To obtain a solution several steps have to be performed. For the ULS stress, 

slippage and fatigue check the static structural analysis is chosen. 

As mentioned before, the purpose of this thesis was to be familiar with finite element 

software and to understand the structural analysis and design methodology. Since clamp 4 

was identified to subject the largest horizontal forces, see Table 4.12, and that the vertical 

forces at this point were assumed to be less critical than the horizontal forces, clamp 4 was 

selected to be used for further analyses. 

6.1. Engineering data 

The first step, engineering data, is to define material properties. There is a standard data 

base of different materials to select from, but no material that matched with the material 

used on the clamp. Therefore two materials are created: 

 “Clamp steel” for the general clamp 

 “A320” for the A320 grade L7 bolts 

The structural analysis performed is linear, i.e. the stress-strain relationship of the material is 

linear. The properties can be found in the ANSYS printouts (Appendix F2). 

 
Figure 6.1 Imported clamp 

 
                                                      
2 The ANSYS print-out of all analysis is too big to attach as appendix in the thesis. As of this reason only one 
analysis is included in the appendix as an example. The rest of the analyses are included in the digital version. 
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6.2. Geometry 

Geometry for use in ANSYS workbench either can be modeled in Design Modeler or it can be 

imported from other CAD programs. Subsea 7 had designed the clamps in Inventor (CAD) so 

a simplified geometry with a section of the jacket leg and riser was imported to ANSYS (see 

Figure 6.1). FEA is very time consuming and if the geometry is complicated the 

computational time can be long. Therefore the geometry is simplified even more by 

removing objects that are not important for the analysis like nuts and washers. The same is 

done with unnecessary faces shown in Figure 6.2 and Figure 6.3. There were some problems 

finding the right clamp file to import. The file used was not up to date so some changes had 

to be made. The bolts and bolt holes were too small and was therefore enlarged. At the 

same time a little end piece was added in each end of the bolts to simulate the washer and 

nuts to obtain a better distribution of the pre-tension force, see Figure 6.4. 

Before 
 

After 

Figure 6.2 Model simplification 

Before 
 

After 

Figure 6.3 Model simplification 

 
Figure 6.4 Washer/nut simplification 
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6.3. Model 

In the model section it is necessary to describe the analysis environment like to establish 

boundary conditions, apply forces, define algorithms, etc. In the model the material 

properties are also assigned to its respective parts. 

6.3.1. Connections 

When the model is imported it recreates the different components, like stiffener plates, 

bolts, etc., as independent parts. The contacts between these parts have to be defined. 

There are several contact types available. The most relevant types for this analysis are 

bonded and frictional contact. ANSYS automatically applies bonded contact for the parts 

that have clearance within a defined range. These contacts have to be checked to be correct 

and some of them need to be changed if necessary. For example the contact between the 

two jacket clamp shells and the jacket leg is frictional and needed to be changed. Also the 

contact between the riser shells is frictional. A friction factor of 0.21 (steel to steel under 

water) is used for these contacts. MPC (Multi-Point Constraint) contact is a type of bonded 

contact and is often used to simulate welds. MPC contacts are used on the stiffener plates. 

6.3.2. Mesh 

In general the finite element (FE) mesh has great influence on computational time, memory 

usage, and accuracy of FE analysis. A reasonable mesh is obtained by simplifying the 

geometry. A mesh consists of elements which are jointed together in nodes. In FEA the mesh 

grid consists of material and structural properties that define how the model reacts when 

loads are applied. The node density should be larger where the stresses are high. The mesh 

should be symmetrical and “look good”, i.e. if the mesh grid is to be square the ratio 

between the height and length of the element should not be too far from 1. This is very 

important to obtain a good solution. The mesh for the clamp was fitted by using different 

methods on the various shapes. The mesh can be seen in Figure 6.5. The end and vertical 

plates (where the bolts are connected) plus the stiffener plates (where the forces and 

bending would be large) were sized with at least two layers/divisions to be able to take 

internal moments. 
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Figure 6.5 Mesh 

6.4. General setup 

After the FE mesh is completed, loads and boundary conditions on the FE model are to be 

established. The jacket leg was constrained on the faces on both the upper and the lower 

end. To be sure that the constraining didn’t affect the clamp, the jacket leg was extended 3 

m each way (see Figure 6.6). The loads are applied in two load steps; first the pre-tension is 

applied in the bolts and then the riser and clamp loads are applied. The pre-tension is locked 

in the second load step. Each load step has 5 substeps meaning a load increment of 20% for 

each convergence (see Figure 5.5). 

(More specific details about connections, mesh, loads, supports, 

etc. may be found in the ANSYS print-outs in Appendix F.) 

6.5. ULS setup 

 Two FE models were generated for the ULS stress check, one 

model to check the stresses in the clamp and the second model to 

check the stresses in the bolts. The theoretical pre-tension is 

conservatively multiplied with a factor of 1.3 for the clamp check 

and for the bolt check the theoretical pre-tension value is used. Figure 6.6 Extended 

jacket leg 
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6.5.1. Pre-tension applied 

The bolt tensions calculated in Table 4.4 are applied without any relaxation and combined 

with a load factor of 1.3 for the clamp check. The pre-tension values for the different clamps 

are listed in Table 6.1. For the bolt check the theoretical tension presented in Table 4.4 is 

used. 

Riser clamp M45 [kN] M33 [kN] 

Riser clamp 6 (Inconel) 510,64 280,15 

Riser clamp 5 891,02 488,8 

Riser clamp 4 891,02 488,8 

Riser clamp 3 891,02 488,8 

Riser clamp 2 891,02 488,8 

Riser clamp 1 891,02 488,8 
Table 6.1 Pre-tension applied in ANSYS 

ANSYS has a special function for pre-tension which was applied on each bolt. The applied 

pre-tension for clamp 4 can be seen in Figure 6.7. 

 

 
Figure 6.7 Bolt pre-tension applied 
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6.5.2. Loads applied 

In chapter 4.3 the most critical load combinations were identified and a summary form 

Appendix E can be seen in Table 6.2. 

 Clamp 1 Clamp 2 Clamp 3 Clamp 4 Clamp 5 Clamp 6 
Bolt pre-load X X X X X X 
ULS-b 135° X - X X - X 
ULS-b 315° - X - - X - 
ULS-b Up - - - - - - 
ULS-b Down X (ULS-a) X X X X X 

Table 6.2 Load directions 

It shows that ULS-b gives the largest load combination on all clamps except vertical 

combination on clamp 1. This means that the loads should be combined with the correct 

ULS-a/b factors. The clamp is not symmetric horizontally and vertically, and the horizontal- 

and vertical force are not in phase. Because of this the clamp should be checked for stresses 

when applying peak horizontal force plus the contribution of vertical force at the same 

phase time, and vice versa. A stress check should also be performed when the combination 

of the horizontal and vertical loads is peaking. For the present thesis work, it is 

conservatively assumed that the maximum horizontal and maximum vertical wave loads act 

simultaneously. This will not be the case in reality. 

 
Figure 6.8 Riser and wave/current loads on clamp 
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Figure 6.9 Load distribution on riser guide 

 

The forces from the riser and wave/current loads on clamp 4 can be seen in Figure 6.8. The 

riser loads are distributed on riser guide as shown in Figure 6.9. The horizontal riser force in 

135° direction is decomposed into global directions (south and east). The east component is 

divided into two new components and distributed equally on the two riser shells. The south 

component is applied on the inner shell. The vertical force acts on the outer shell. The 

friction factor between steel and neoprene is assumed to be 0.6 meaning that vertical 

friction force can reach maximum of: 

�
,��� B h�	,�[ ; �	,�[ · @ B i189,89[ ; 159,89[ · 0,6 B 148,92k 

where, 

�	,� = horizontal riser force in south direction 
�	,� = horizontal riser force in east direction 
@ = friction factor 
 

This means that if the vertical riser force is 148.9 kN or less, the whole force will be applied 

to the riser shell. The wave and current forces on the clamp are applied perpendicular on the 

bracket plates as shown in the figure. The loads applied on clamp 4 (load step 2) are listed in 

Table 6.3 and are for the worst load direction identified in Appendix E with the correct ULS-b 

factors. Remember that the functional loads are fixed. 
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South [kN] East [kN] Parallel [kN] 

Functional loads 32,00 2,00 -3,97 

Installation loads 19,09 19,09 -3,97 

Wave loads 138,80 138,80 -24,52 

Sum 189,89 159,89 -32,46 

Waves normal on clamp 48,23 

Waves vertical on clamp -23,40 

  

Pressure on closed area 0,198 MPa 
Table 6.3 Applied loads for clamp 4 

6.6. Slippage setup 

The slippage analysis is done by applying the theoretical pre-tension with initial and long 

term relaxation, i.e. a factor of 0.68. This result in a pre-tension of 466.1 kN for the M45 

bolts and 271.7 kN for the M33 bolts. The forces from the riser and waves are applied with a 

factor of 2, see Table 6.4. 

South [kN] East [kN] Parallel [kN] 

Functional loads 64,00 4,00 -7,94 

Installation loads 38,18 38,18 -7,94 

Wave loads 213,54 213,54 -37,72 

Sum 315,72 255,72 -53,60 

Waves normal on clamp 74,20 

Waves vertical on clamp -36,00 

Pressure on closed area 0,396 MPa 
Table 6.4 Applied loads for slippage analysis 

6.7. FLS setup 

For the fatigue check the forces are applied in the same way as for the ULS case only with 

the FLS factor of 1. Only cyclic loads are to be used for FLS, i.e. wave loads. The loads are 

applied in three steps. In first step the loads in the 135° direction starts from zero and goes 

to maximum. In step two the maximum load in the 135° direction alters to maximum in the 

315° directions. Finally in the third step the loads returns to zero. The vertical wave forces 

are applied downwards in all steps. These loads can be seen in Table 6.5. Since it would be 

difficult to extract the cyclic stress range while having pre-tension in the bolts, the only way 

was to change the non-linear (frictional) contact to linear (bounded) contact. This simplified 

assumption is reasonable for a clamped connection where the sliding distance is near zero. 
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South [kN] East [kN] Parallel [kN] 

Functional loads 0 0 0 

Installation loads 0 0 0 

Wave loads ±106,77 ±106,77 -18,86 

Sum ±106,77 ±106,77 -18,86 

Waves normal on clamp ±37,10 

Waves vertical on clamp -18,00 

Pressure on closed area 0 MPa 
Table 6.5 Wave loads for FLS 
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7. Results 

7.1. Acceptance criteria 

To fulfill the requirements of design code or standard, the results for capacity should be 

checked against the acceptance criteria. The relevant acceptance criteria for different 

components are described in the following sections. 

7.1.1. Bolt capacity 

The maximum capacity of a bolt according to NS-EN-1993-1-8 is: 

��,��� B 0,9 · �����
'�

 

where, 

��� = ultimate stress of the bolt 
�� = shear area 
'� = material factor for bolt 

 

According to NORSOK N-004 the material factor for bolts is 1.3 meaning the capacities are: 

 M45 A320 M33 A320 
Force, Fb,max [kN] 753,2 413,2 
Stress, σb,max [MPa] 595,4 595,4 

Table 7.1 Bolt capacity 

7.1.2. Clamp capacity 

For the clamp the yield is 355 MPa and the material factor for the steel according to NORSOK 

N-004 is 1.15. The design yield is then: 

��� B ��
'�

B 355
1.15 B 308,7 

where, 

�� = yield stress for the clamp 
'� = material factor for steel 
 

This means that the stresses in the clamp should not exceed 308.7 MPa. 
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7.1.3. Slippage criteria 

For the slippage check there should be enough statically frictional contact to ensure that the 

clamp doesn’t slide. 

7.1.4. Hoop buckling criteria 

By using the most conservative material factor of 1.45 for the hoop buckling stress 

calculations in NORSOK N-004, the allowable pressure around the jacket leg can be: 

"� ] 25 ��
'(�. B 2 · 25,4 · 355

1,45 · 1143 B 10,9 mn� 

where, 

t = thickness 
'(� = material factor 
D = outer diameter of jacket leg 
 

7.1.5. Fatigue criteria 

To ensure that the structure will not encounter fatigue, the fatigue damage, D, must be 

lower than the fatigue utilization factor >. The utilization factor is a function of design life 

and design life factor (DFF). On interpolation using the values from Table 7.2, a design life of 

23 years and DFF of 3 (chapter 4.6) give the utilization factor: 

> B 0,27 ; N23 \ 20O o0,33 \ 0,27
25 \ 20 p B 0.306 

DFF 
Design life in years 

5 10 15 20 25 30 50 
1 4,0 2,0 1,33 1,00 0,80 0,67 0,40 
2 2,0 1,0 0,67 0,50 0,40 0,33 0,20 
3 1,33 0,67 0,44 0,33 0,27 0,22 0,13 
5 0,80 0,40 0,27 0,20 0,16 0,13 0,08 

10 0,40 0,20 0,13 0,10 0,08 0,07 0,04 
Table 7.2 Utilization factor η as function of design life and design fatigue factor 

(DNV-RP-C203) 
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7.2. ULS stress check 

When designing structures their capacity has to be checked against the ultimate limit state 

(ULS). This means that the structures have to avoid collapse when applying peak loads. The 

clamps have to resist the forces from the pre-tension, self-weight, waves and currents, and 

the loads transferred from the riser. 

7.2.1. Bolt check 

In Figure 7.1 the theoretical bolt tension and the environmental loads are applied. The figure 

shows that the resulting stresses in the M45 bolts are in the range between 360-450 MPa. 

The stresses in the M33 blots range between 420-430 MPa. The maximum stress of 907 MPa 

in Figure 7.2 occurs in the transition zone between the bolt and the washer/nut. This peak 

stress may not be “real” because the nut will be fastened to the threads on the stud bolt and 

the stress will be distributed. 

 

 

 

 

 
Figure 7.1 Bolt check 
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Figure 7.2 Max bolt stress 

7.2.2. Bolt pre-tension only 

Figure 7.3 shows the dominance of the pre-tension only (with a factor of 1.3) for the jacket 

clamp and riser clamp. An independent band was added to the stress range bar (the color 

bar to the left) to see the stress relationship between the jacket and riser clamp. The stress 

range bar is set so that stresses over yield (308.7 MPa) shows in orange and stresses over 

tensile stress in red. It can be seen that the brown color, less than 5 MPa, on the bracket 

indicates that there is negligible interaction between the clamps. This means that if further 

analysis is to be done on only the riser guide, the model can be divided into a sub model 

where the front jacket shell can be considered as bounded to the jacket leg. The maximum 

stress of 1198.6 MPa is on the edge of the washer/nut down to the end plate. 

7.2.3. Bolt pre-tension, ULS-b 135° and ULS-b down 

Figure 7.4 shows the results when bolt pre-tension and the environmental loads are applied. 

It can be seen that the change in the predicted stresses is insignificant. Further the figure 

show that the stresses are transferred more to one side. 
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Figure 7.3 Pre-tension only 

 

Figure 7.4 All loads applied 

 

It can be seen in Figure 7.5 that the stresses are over design yield stress (308.7 MPa) in the 

transition region between the stiffener and the back shell. The highest predicted stress is 

560.6 MPa. The stresses in back shell are typically 160-180 MPa, similar as for the action of 

pre-tension only. 
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Figure 7.5 Stiffeners on back shell 

 

 
Figure 7.6 Front shell and side stiffeners 

 

From Figure 7.6 it can be seen that the situation is the same for the horizontal stiffeners on 

the side and the stiffeners on the front shell. The peak stress is 550.4 MPa on the side 

stiffeners and 438 MPa on the front shell. On the other side (Figure 7.7) the stress is even 

higher at the same locations, with a maximum of 661.4 MPa on the side stiffener. The 
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stiffeners on the front shell have a maximum stress of 490 MPa and in the bend on the 

horizontal plate of the clamp arm the stress is as high as 333.6 MPa. 

 
Figure 7.7 Other side 

 
 

 
Figure 7.8 Riser guide 
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On the riser guide in Figure 7

washer/bolts are ignored. 

Several of these stresses that are peak

material and geometrical discontinuities. 

cause global distortion of the structure

trough stress linearization. The 

they are within acceptable limits

Alternatively the influence of secondary effects can be verified

analysis and check whether there is any plastic strain

plastic) shall be within allowable limits.

The present work also covers non

is high stresses above yield 

“fake”. The non-linear analysis 

hardening properties with ideal plastic flow

material curve corresponds to

factor (1.15). 

Figure 
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7.8 the maximum stress is 456.3 MPa if the area

that are peak can be unrealistic due to secondary effects such as

discontinuities. Peak stresses due to secondary effect

distortion of the structure. Normal procedure to identify the peak stresses 

. The stresses after eliminating the peaks shall be checked

limits. 

Alternatively the influence of secondary effects can be verified by performing

there is any plastic strain. The results for total strain (elastic + 

be within allowable limits. 

The present work also covers non-linear analysis to verify the effects of peak stress

 there should be plastic strain (σ=Eε), if not the stresses are 

linear analysis includes material curve that follows by bilinear isotropic 

with ideal plastic flow (see Figure 7.9). The yield stress defined in the 

ponds to design yield that is 308.7 MPa after considering

Figure 7.9 Bilinear illustration 

Figure 7.10 Linearized stress and plot 
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the maximum stress is 456.3 MPa if the areas around the 

secondary effects such as 

Peak stresses due to secondary effect does not 

identify the peak stresses is 

be checked whether 

performing non-linear 

The results for total strain (elastic + 

linear analysis to verify the effects of peak stress. If there 

), if not the stresses are 

by bilinear isotropic 

yield stress defined in the 

that is 308.7 MPa after considering the material 
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Figure 7.10 shows the linearized stress on the stiffener plate on the back shell. In the results 

plot it is show that the linearized stress (blue) now have a maximum of 385 MPa which was 

560 MPa before linearization. Still the stresses are too high so a plastic strain check was 

conducted. The plastic strain from Figure 7.11 on the stiffener with the highest stress on the 

back shell has a maximum of 0.092% strain. 

 
Figure 7.11 Plastic strain on back shell 

 

 
Figure 7.12 Plastic strain on the side and front shell 
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For the side and the front shell the plastic strains on the stiffeners are 0.076% and 0.027%, 

respectively (see Figure 7.12). Similarly Figure 7.13 shows the plastic strains for the side 

stiffener on the back shell (on the other side) which is 0.1%, and the strain for the stiffener 

on the front shell is 0.047%. The figure further shows zero plastic strain in the region on the 

horizontal plate where high stresses are found in linear analysis (see Figure 7.7). 

 
Figure 7.13 Plastic strain other side 
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Figure 7.14 Plastic strain on riser guide 

 

For the riser guide in Figure 7.14 the plastic strains do not exceed 0.074%. 

7.3. Slippage analysis 

Figure 7.15 shows the penetration on the back shell. Referring to chapter 5.3 the 

penetration can be 1-2 % of the thickness on the structural target element (jacket leg). The 

thickness of the leg is 25.4 mm which means that the penetration can maximum be 0.25 mm 
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(i.e., 1%). The maximum penetration on the back shell is 5.9∙e-7 mm slight to the side of the 

shell. In general the penetration is zero. Regardless the penetration is much below 0.25 mm. 

The front shell in Figure 7.16 has a maximum of 1.2∙e-3 mm on the side edge of the shell. The 

rest of the front shell has in general zero penetration. Also here the penetration is well 

below the allowable value. 

 
Figure 7.15 Penetration back shell 

 

 
Figure 7.16 Penetration on front shell 
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In Figure 7.17 the contact status for the back shell can be seen, where red color means that 

there is enough static friction so that no slippage occurs. Approximately one half of the shell 

is sticking. The front shell is presented in Figure 7.18 and the result is much the same as for 

the back shell with some fewer elements sticking. These results can be confirmed by the 

graph in Figure 7.19 which shows the contacts over the time steps. 

 
Figure 7.17 Status back shell 

 

 
Figure 7.18 Status front shell 
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Figure 

Figure 7.20 shows the penetration 

penetration is in general below 8.71

second lowest bolt hole. 

The status for the frictional contact 

The figure shows that approximately 60% of the element

by the graph in Figure 7.22. 

identical. 
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Figure 7.19 Element status for jacket clamp 

penetration between the contact surfaces on

below 8.71∙e-8mm and the maximum of 1.27∙e-

for the frictional contact between the riser guide shells can be seen in 

that approximately 60% of the elements are sticking. This can be confirmed 

. The other frictional contact between the riser 

Figure 7.20 Penetration on riser guide 
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between the contact surfaces on riser guide. The 
-7mm is around the 

n be seen in Figure 7.21. 

. This can be confirmed 

the riser guide shells is 
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Figure 7.21 Status riser guide 

 

 
Figure 7.22 Element status for riser guide 

7.4. New stresses in jacket leg 

The pressure contribution from the clamping was taken from the ULS conditions of the 

clamp check (pre-tension with a factor of 1.3). The pressure from the back and front shell is 

shown in Figure 7.23 and Figure 7.24, respectively. The back shell has typically a pressure of 

6-7 MPa and the front shell typically 4-5 MPa. Around the stiffer bracket the pressure are 

slightly higher, typically around 15 MPa. 
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Figure 7.23 Pressure on back shell 

 

 
Figure 7.24 Pressure on front shell 

 

 



 

 

 

 

- Finite element analysis of

 

A simple calculation to find the pressure due to the clamping is to look at a half pipe 

in Figure 7.25. The red arrow

pressure. The forces have to be in equilibrium. There 

kN and dimensions as shown in 

�� B )��� 

where, 

�� = pre-tension force 
)�� = contact pressure 

� = area 
 

)�� B ��
� B 12 · 891020

1160 · 1120 B 8,
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Figure 7.25 Half pipe 

(Karunakaran, 2010) 

calculation to find the pressure due to the clamping is to look at a half pipe 

. The red arrows represents the pre-tension and the black arrows the contact 

have to be in equilibrium. There are 12 bolts with pre

in Figure 7.26. This leads to: 

,23 mn� 

Figure 7.26 Clamp measures 
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calculation to find the pressure due to the clamping is to look at a half pipe as seen 

tension and the black arrows the contact 

12 bolts with pre-tension of 891.02 
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7.5. Fatigue check 

By checking the stresses in the clamp it can be seen that the jacket clamp and riser guide is 

fairly unaffected and that the cyclic loads have most influence on the riser arm (see Figure 

7.27). The highest stresses are in the sharp corner near the riser guide and on the horizontal 

plate in the riser arm (see Figure 7.27 and Figure 7.28). Therefore these two areas and bolts 

including the weld near the sharp corner were checked for fatigue. In the fatigue calculations 

the correct principle stresses were used. 

 
Figure 7.27 FLS von-Mises stress 

 

 
Figure 7.28 Maximum on clamp arm 
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7.5.1. Critical areas and bolts 

In DNV-RP-C203 Appendix A, the corner and the plate on the clamp arm are classified as 

structural detail C. The bolts are classified as class W3 and the weld near the sharp corner as 

class G (thickness less than 150mm). 

In Figure 7.29 the corner and weld is shown with maximum principal stress, i.e. tension. The 

corner and the weld on the top plate have maximum stresses of 68.2 MPa and 28.3 MPa, 

whereas the stresses in the corner and the weld on the bottom plate are 56.5 MPa and 23.6 

MPa, respectively. Figure 7.30 presents the minimum principal stress, i.e. compression. 

Similarly for compression the corner and the weld on the top plate have maximum stress of 

56.7 MPa and 26.3 MPa, while the stress in the corner and the weld on the bottom plate are 

68.7 MPa and 28.5 MPa, respectively. 

 
Figure 7.29 Maximum principal stress on corner and weld 
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Figure 7.30 Minimum principal stress on corner and weld 

 

For the top horizontal plate (see Figure 7.31 and Figure 7.32) the results shows maximum 

tension of 94.3 MPa and maximum compression of 69.5 MPa. The maximum stress for the 

bottom plate is 73.5 MPa for tension and 99.3 MPa for compression. 

 
Figure 7.31 Maximum principal stress on horizontal plate 
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Figure 7.32 Minimum principal stress on horizontal plate 

The stress ranges, ∆)�, are found by adding the values for tension and compression. This 

results in a stress range of 124.9 MPa for the corner on the top plate and 125.2 MPa for the 

corner on the bottom plate. For the weld on the top plate the stress range is 54.6 MPa while 

for the weld on the bottom plate the stress range is 52.1 MPa. Similarly also for the top and 

bottom horizontal plates the stress ranges are 164 MPa and 172.8 MPa, respectively. Since 

the sharp corner and the horizontal plate are in the same structural class, only the one with 

the highest stress range needs to be checked, i.e. the bottom horizontal plate. 

For the fatigue check the bolt with the highest equivalent stress was chosen. Figure 7.33 

presents the stresses due to tension as 6.9 MPa and Figure 7.34 presents the stresses due to 

compression as 8.9 MPa. The resulting stress range for the bolt is 15.8 MPa. 

In The North Sea the average wave period is approximately 8 seconds. This results in number 

of cycles over the 23 years to be: 

 ! B 23 · 365 · 24 · 60 · 60
8 B 9,0666 · 10q 

To be conservative, the number of cycles until failure is assumed to be less than one million 

(N≤106 cycles). Table 7.4 gives values for 3 and log �� as listed below in Table 7.3: 

S-N curve 3 log �� 
C 3,0 12,192 

W3 3,0 10,998 
G 3,0 10,570 

Table 7.3 Values for 10
6
 cycles 
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Figure 7.33 Maximum principal stress on bolts 

 
Figure 7.34 Minimum principal stress on bolts 

 

By assuming a Weibull shape parameter, h, between 0.8 and 0.9 (i.e. 0.85) the gamma 

function can be found in Table 7.5 to be: 

Γ 91 ; 3
- < B 12,118 
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Table 7.4 S-N curves in seawater with cathodic protection 

(DNV-RP-C203) 

 

 
Table 7.5 Numerical values for the gamma function 

(DNV-RP-C203) 
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A summary of the results needed for the fatigue calculations are presented in Table 7.6. 

Structure S-N curve 3 log �� h Γ 91 ; 3
- < ∆)� 

Horizontal plate C 3,0 12,192 0.85 12,118 172.8 MPa 
Bolts W3 3,0 10,998 0.85 12,118 15.8 MPa 
Weld on bracket G 3,0 10,570 0.85 12,118 54.6 MPa 

Table 7.6 Stress range results 

The Weibull shape parameter is: 

4 B ∆)�
Nln  !O`/* 

And the fatigue damage is: 

. B +!��
�� 4�Γ 91 ; 3

- < ] > 

Horizontal plate: 

4 B ∆)�
Nln  !O`/* B 172,8

NlnN9,0666 · 10qOO`/!,st B 5,645 mn� 

. B +!��
�� 4�Γ 91 ; 3

- < B  �
10uvw ����������� 4�Γ 91 ; 3

- < B 9,0666 · 10q
10`[,`x[ · 5,645y · 12,118 B 0,127 

Bolts: 

4 B ∆)�
Nln  !O`/* B 15,8

NlnN9,0666 · 10qOO`/!,st B 0,516 mn� 

. B  �
10uvw ����������� 4�Γ 91 ; 3

- < B 9,0666 · 10q
10`!,xxs · 0,516y · 12,118 B 0,00152 

Weld on bracket: 

4 B ∆)�
Nln  !O`/* B 54,6

NlnN9,0666 · 10qOO`/!,st B 1,784 mn� 

. B  �
10uvw ����������� 4�Γ 91 ; 3

- < B 9,0666 · 10q
10`!,tq! · 1,784y · 12,118 B 0,168 
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8. Discussions and conclusions 

8.1. ULS stress 

Bolt check: 

The results show that the M45 bolts have stresses between 360-450 MPa which are within 

the maximum allowable stress of 595 MPa. The results also show that the stresses in the 

M33 bolts are below the allowable stress with stresses around 420-430 MPa. The maximum 

stresses in Figure 7.2 may as mentioned be “unrealistic” and is probably due to geometrical 

discontinuities. But regardless of this the washer/nut knob is irrelevant for this analysis and 

the peak stresses can be disregarded. It is clear from the results that the bolts can withstand 

the maximum forces obtained in accordance with the ULS criteria. 

Clamp check: 

By comparing the results for action of pre-tension only and for all the loads applied the 

change in the stresses is relatively small, meaning that the pre-tension from the bolts 

contributes the largest stresses in the clamp. Since the stresses are roughly the same on the 

top and the bottom of the clamp it appears that the vertical loads are less critical than the 

horizontal loads. Further it looks like the maximum peak stress from the pre-tension only 

(load step 1) is due to discontinuity but is anyway structural irrelevant. 

The results show that the stresses are in general within acceptable limits except for some 

hot spots. There are typically high stresses exceeding design yield in the end of many 

stiffener plates and on the bend of the horizontal plate in the bracket arm. As mentioned 

stress linearization technique is used to avoid peak stresses which do not cause structural 

failure. Even after stress linearization, the stresses obtained from the analysis exceeded 

design yield in certain transition regions of geometric discontinuity. For clear engineering 

judgment and better understanding on effects of secondary stresses due to discontinuities, a 

non-linear analysis was conducted. 

The maximum equivalent plastic strain obtained from the results is 0.1% which is 

insignificant. The resulting total strain (elastic + plastic) is 0.3%. These strains are confined to 

local and do not cause any gross structural deformation of the clamp. Therefore the strains 

are considered to be disregarded. In summary it can be concluded that the clamp will 

withstand against peak forces from the environment and that the clamp meets the design 

criteria against the ULS stress check. 

It can be discussed why not doing a non-linear analysis in the first place. The reason is that 

the results from the linear analysis within yield is conservative and takes less computational 

time. For example, with regarding to the computational time, the FE model took about 12.5 

hours for linear analysis whereas for non-linear analysis it took about 19 hours. Hence the 



 

 

 

Discussions and conclusions 
 

 

64 
- Finite element analysis of a friction clamp located on a North Sea jacket - 

practice in the industry is to first do a linear analysis, and if the stresses still are outside 

allowable values, a non-linear analysis is conducted. It should be noted that the clamp 

geometry is complicated. A simpler geometry would probably not experience that many 

discontinuities. 

8.2. Slippage 

The results show that the penetration is low as expected since the contact algorithm used 

for the frictional contact is Normal Lagrange (see chapter 5.3). The penetration is well below 

the allowable value for both the jacket clamp and the riser guide. This means that the results 

are accurate enough. 

The graph from Figure 7.19 shows that the back shell has the most sticking elements when 

all loads are applied. This means that the back shell is most active in preventing the clamp 

from sliding. That is logical because the front shell should be stiffer due to the bracket arm 

and this result in a smaller contact area than for the softer back shell. It is concluded that 

with a load factor of 2 and maximum relaxation, the jacket clamp has sufficient number of 

sticking elements to avoid slippage. The same applies for the riser guide. 

8.3. New stresses in jacket leg 

When disregarding the peak pressure, the contact pressure from the jacket clamp on the 

jacket leg was within the 10.9 MPa. It should be noted that this is only the contribution from 

the clamp. Since the jacket leg may already have residual stress the new stresses from the 

clamp have to be checked by the jacket owner. 

8.4. Fatigue 

There were three hot spots that were checked in the fatigue calculations. The hot spots 

include the bend in the horizontal plate, a weld on the bracket arm and the bolts. From the 

results it is shown that the largest fatigue damage is calculated to be on the weld even 

though the stress range is three times larger on the horizontal bracket plate. This shows that 

welds are more fragile for fatigue, which emphasizes the importance of good welding. 

Regardless the fatigue damage is less than the utilization factor of 0.306 for all areas; hence 

the clamp meets the requirements for the FLS check. 

 

 



 

 

 

Discussions and conclusions 
 

 

65 
- Finite element analysis of a friction clamp located on a North Sea jacket - 

8.5. Summary and recommendations 

The results from the analysis in the thesis and the Subsea 7 report are comparable. Even 

though the values are not identical the same conclusions are drawn. However there are 

several ways to do such analyses. The way the analysis is carried out is individual and may 

vary between users. The major differences in the analyses between the report and the thesis 

are probably the mesh, contact algorithms and the applied forces. The mesh in the previous 

Subsea 7 report shares the nodes whereas the mesh in the present thesis does not share the 

nodes. This leads to two completely different meshes which will result in somewhat different 

values. Mainly in the previous report Pure Penalty algorithm is used for the bounded 

contacts while in the present MPC algorithm is used to simulate the welds. This also leads to 

variation between the results. Regardless a non-linear analysis had to be conducted in the 

thesis to prove that the peak stresses was “fake”. 

It should be noted that analysis was only performed on one clamp (clamp 4). For future work 

beyond this thesis, analysis for the other clamps should be performed as well. For 

experimental purposes other mesh and contact algorithms could be tested and compared. 

An analysis to see how corrosion and erosion affects the clamps over the design life, if loss of 

cathodic protection should occur, could also have been interesting. Analyzing the effect of 

thermal expansion of the riser and subsea pipeline, especially on the bottom clamp, could be 

another approach. The present clamps can also be compared against new design proposals. 
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Contents 

• Units 

• Bolt check (C4) 

o Geometry 

� Parts 

� Part 107 

� Part 107 

� Parts 

� Body Groups 

� Parts 

� Parts 

� Parts 

� Body Groups 

� Solid 

� Solid 

� Parts 

o Construction Geometry 

� Path 

o Coordinate Systems 

o Connections 

� Contacts 

� Contact Regions 

o Mesh 

� Mesh Controls 

o Static Structural (C5) 

� Analysis Settings 

� Standard Earth Gravity 

� Loads 

� Bolt Pretension 

� Bolt Pretension 6 

� Bolt Pretension 11 

� Bolt Pretension 16 

� Solution (C6) 

� Solution Information 

� Results 

• Material Data 

o Clamp steel 

o A320 

Units 

TABLE 1 
Unit System Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius 

Angle Degrees 
Rotational Velocity rad/s 

Temperature Celsius 

Bolt check (C4) 

Geometry 

TABLE 2 
Bolt check (C4) > Geometry 

Object Name Geometry 
State Fully Defined 

Definition 
Source C:\Documents and Settings\SS7N0605\My Documents\ANSYS final\Analysis Clamp 
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4_files\dp0\SYS-3\DM\SYS-3.agdb 
Type DesignModeler 

Length Unit Millimeters 
Element Control Program Controlled 

Display Style Part Color 
Bounding Box 

Length X 2669,6 mm 
Length Y 2739,6 mm 
Length Z 7500, mm 

Properties 
Volume 1,0542e+009 mm³ 

Mass 8275,2 kg 
Scale Factor Value 1, 

Statistics 
Bodies 135 

Active Bodies 135 
Nodes 227755 

Elements 34990 
Mesh Metric Skewness 

Min 1,34222502290619E-07 
Max 0,701342273938782 

Average 0,263600745331541 
Standard Deviation 0,204632867506524 

Preferences 
Parameter Processing Yes 

Personal Parameter Key DS 
CAD Attribute Transfer No 

Named Selection Processing No 
Material Properties Transfer No 

CAD Associativity Yes 
Import Coordinate Systems No 

Reader Save Part File No 
Import Using Instances Yes 

Do Smart Update No 
Attach File Via Temp File Yes 

Temporary Directory C:\Documents and Settings\SS7N0605\Local Settings\Temp 
Analysis Type 3-D 

Enclosure and Symmetry 
Processing Yes 

TABLE 3 
Bolt check (C4) > Geometry > Parts 

Object Name Part 19 Part 20 Part 21 Part 22 Part 23 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 336,33 mm 235,48 mm 408,5 mm 235,48 mm 
Length Y 290,6 mm 483,39 mm 324,69 mm 483,39 mm 
Length Z 20, mm 

Properties 
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Volume 9,1092e+005 mm³ 1,0129e+006 mm³ 
Mass 7,1508 kg 7,9516 kg 

Centroid X 564,14 mm 695,7 mm 61,271 mm 695,7 mm 
Centroid Y -379, mm -161,62 mm 711,6 mm -161,62 mm 
Centroid Z -540, mm 360, mm -360, mm -1,1288e-015 mm 1,5689e-015 mm 

Moment of Inertia Ip1 22793 kg·mm² 95549 kg·mm² 12352 kg·mm² 95549 kg·mm² 
Moment of Inertia Ip2 42679 kg·mm² 12352 kg·mm² 95549 kg·mm² 12352 kg·mm² 
Moment of Inertia Ip3 64995 kg·mm² 1,0737e+005 kg·mm² 

Statistics 
Nodes 518 932 

Elements 65 117 
Mesh Metric Skewness 

Min 0,014530416356964 4,21646506874607E-02 4,21644331178599E-02 4,21646506874607E-02 
Max 0,512002193506522 0,701342273938782 0,701342177947464 0,701342273938782 

Average 0,165039530216544 0,485150395565254 0,485150428159298 0,485150395565255 
Standard Deviation 0,120344254612298 0,140667569688933 0,140667649270927 0,140667569688932 

TABLE 4 
Bolt check (C4) > Geometry > Parts 

Object Name Part 24 Part 25 Part 26 Part 27 Part 28 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness 
Behavior Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 929,21 mm 215,6 mm 327,63 mm 
Length Y 1068,6 mm 246,64 mm 302,57 mm 
Length Z 1120, mm 20, mm 

Properties 
Volume 5,0068e+007 mm³ 1,3534e+007 mm³ 9,1092e+005 mm³ 

Mass 393,03 kg 106,24 kg 7,1508 kg 
Centroid X -312,08 mm 65,168 mm 186,12 mm 
Centroid Y -226,74 mm -715,75 mm -653,64 mm 
Centroid Z 4,7978e-013 mm 9,4673e-006 mm -9,6753e-016 mm -180, mm -360, mm 
Moment of 
Inertia Ip1 1,06e+008 kg·mm² 1,199e+007 kg·mm² 22793 kg·mm² 

Moment of 
Inertia Ip2 5,2331e+007 kg·mm² 1,1222e+007 kg·mm² 42679 kg·mm² 

Moment of 
Inertia Ip3 7,657e+007 kg·mm² 8,0408e+005 kg·mm² 64995 kg·mm² 

Statistics 
Nodes 10107 4357 518 

Elements 1748 724 65 
Mesh Metric Skewness 

Min 
2,71679800190106E-

02 
1,16506240940307E-

02 
1,45303156343443E-

02 1,45303156343413E-02 

Max 
5,86283932118858E-

02 0,556331699641993 0,512002513503947 

Average 4,27387397704627E- 0,221742520621231 0,165039542186167 0,165039542186164 0,165039542186165 
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02 
Standard 
Deviation 

9,46938275428752E-
03 0,128803220686873 0,120344267704764 0,120344267704762 

TABLE 5 
Bolt check (C4) > Geometry > Parts 

Object Name Part 29 Part 30 Part 31 Part 32 Part 33 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior 

Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 327,63 mm 408,5 mm 
Length Y 302,57 mm 324,69 mm 
Length Z 20, mm 

Properties 
Volume 9,1092e+005 mm³ 1,0129e+006 mm³ 

Mass 7,1508 kg 7,9516 kg 
Centroid X 186,12 mm -61,271 mm 
Centroid Y -653,64 mm -711,6 mm 
Centroid Z 180, mm 360, mm -540, mm 540, mm -360, mm 
Moment of 
Inertia Ip1 22793 kg·mm² 12352 kg·mm² 

Moment of 
Inertia Ip2 42679 kg·mm² 95549 kg·mm² 

Moment of 
Inertia Ip3 64995 kg·mm² 1,0737e+005 kg·mm² 

Statistics 
Nodes 518 932 

Elements 65 117 
Mesh Metric Skewness 

Min 
1,45303156343438E

-02 
1,45303156343455E

-02 
1,45303156343444E

-02 
1,45303156343455E

-02 
4,21644331178634E

-02 
Max 0,512002513503939 0,512002513503932 0,512002513503946 0,512002513503932 0,70134217794746 

Average 0,165039542186167 0,165039542186166 0,165039542186164 0,165039542186166 0,485150428163655 
Standard 
Deviation 0,120344267704763 0,120344267704762 0,120344267704763 0,14066764927183 

TABLE 6 
Bolt check (C4) > Geometry > Parts 

Object Name Part 34 Part 35 Part 36 Part 37 Part 38 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 
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Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 408,5 mm 195,11 mm 336,33 mm 
Length Y 324,69 mm 273,09 mm 290,6 mm 
Length Z 20, mm 1120, mm 20, mm 

Properties 
Volume 1,0129e+006 mm³ 1,3534e+007 mm³ 9,1092e+005 mm³ 

Mass 7,9516 kg 106,24 kg 7,1508 kg 
Centroid X -61,271 mm -660,58 mm -564,14 mm 
Centroid Y -711,6 mm 283,16 mm 379, mm 
Centroid Z 360, mm -2,4537e-006 mm -2,9132e-015 mm 180, mm 360, mm 
Moment of 
Inertia Ip1 12352 kg·mm² 1,199e+007 kg·mm² 22793 kg·mm² 

Moment of 
Inertia Ip2 95549 kg·mm² 1,1222e+007 

kg·mm² 42679 kg·mm² 

Moment of 
Inertia Ip3 1,0737e+005 kg·mm² 8,0407e+005 

kg·mm² 64995 kg·mm² 

Statistics 
Nodes 932 4357 518 

Elements 117 724 65 
Mesh Metric Skewness 

Min 4,21644331178634E
-02 0,01165068797102 1,45304163569723E

-02 
1,45304163569712E

-02 
1,45304163569723E

-02 

Max 0,701342177947461 
0,55633171164692

8 0,512002193506532 0,512002193506526 

Average 0,485150428163655 
0,22174255235831

5 0,165039530216549 

Standard 
Deviation 0,140667649271831 

0,12880323429954
6 0,120344254612296 0,120344254612295 0,120344254612296 

TABLE 7 
Bolt check (C4) > Geometry > Parts 

Object Name Part 39 Part 40 Part 41 Part 42 Part 43 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects 

Yes 

Thermal 
Strain Effects Yes 

Bounding Box 



 

 

 

Bolt check 

      

 

F-8 
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F 

Length X 336,33 mm 235,48 mm 
Length Y 290,6 mm 483,39 mm 
Length Z 20, mm 

Properties 
Volume 9,1092e+005 mm³ 1,0129e+006 mm³ 

Mass 7,1508 kg 7,9516 kg 
Centroid X -564,14 mm -695,7 mm 
Centroid Y 379, mm 161,62 mm 
Centroid Z -180, mm -360, mm 540, mm -540, mm 360, mm 
Moment of 
Inertia Ip1 22793 kg·mm² 95549 kg·mm² 

Moment of 
Inertia Ip2 42679 kg·mm² 12352 kg·mm² 

Moment of 
Inertia Ip3 64995 kg·mm² 1,0737e+005 kg·mm² 

Statistics 
Nodes 518 932 

Elements 65 117 
Mesh Metric Skewness 

Min 
1,45304163569674E

-02 
1,45304163569723E

-02 
1,45304163569712E

-02 
1,45304163569723E

-02 
4,21646506874514E

-02 
Max 0,512002193506529 0,512002193506526 0,701342273938776 

Average 0,165039530216549 0,485150395565254 
Standard 
Deviation 0,120344254612296 0,120344254612295 0,120344254612296 0,140667569688932 

TABLE 8 
Bolt check (C4) > Geometry > Parts 

Object Name Part 44 Part 45 Part 46 Part 1 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 235,48 mm 408,5 mm 235,48 mm 929,21 mm 
Length Y 483,39 mm 324,69 mm 483,39 mm 1068,6 mm 
Length Z 20, mm 1120, mm 

Properties 
Volume 1,0129e+006 mm³ 5,0068e+007 mm³ 

Mass 7,9516 kg 393,03 kg 
Centroid X -695,7 mm -61,271 mm -695,7 mm 312,08 mm 
Centroid Y 161,62 mm -711,6 mm 161,62 mm 226,74 mm 
Centroid Z -360, mm -4,7832e-016 mm 1,8368e-015 mm 1,1107e-013 mm 

Moment of Inertia Ip1 95549 kg·mm² 12352 kg·mm² 95549 kg·mm² 1,06e+008 kg·mm² 
Moment of Inertia Ip2 12352 kg·mm² 95549 kg·mm² 12352 kg·mm² 5,2331e+007 kg·mm² 
Moment of Inertia Ip3 1,0737e+005 kg·mm² 7,657e+007 kg·mm² 

Statistics 
Nodes 932 10107 

Elements 117 1748 
Mesh Metric Skewness 

Min 4,21646506874514E-02 4,21644331178634E-02 4,21646506874514E-02 0,027167980019022 
Max 0,701342273938782 0,701342177947461 0,701342273938776 5,86283932117944E-02 

Average 0,485150395565254 0,485150428163655 0,485150395565254 0,042738738994393 
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Standard Deviation 0,140667569688932 0,140667649271831 0,140667569688932 9,46938220017718E-03 

TABLE 9 
Bolt check (C4) > Geometry > Body Groups 

Object Name Part 107 
State Meshed 

Graphics Properties 
Visible Yes 

Definition 
Suppressed No 
Assignment Clamp steel 

Coordinate System Default Coordinate System 
Bounding Box 

Length X 1143, mm 
Length Y 1143, mm 
Length Z 1500, mm 

Properties 
Volume 1,3377e+008 mm³ 

Mass 1050,1 kg 
Centroid X 8,8696e-002 mm 
Centroid Y 5,9198e-014 mm 
Centroid Z 1,4986e-013 mm 

Moment of Inertia Ip1 3,5829e+008 kg·mm² 
Moment of Inertia Ip2 3,5836e+008 kg·mm² 
Moment of Inertia Ip3 3,2482e+008 kg·mm² 

Statistics 
Nodes 15480 

Elements 2160 
Mesh Metric Skewness 

Min 2,77778071567026E-02 
Max 2,77785598226894E-02 

Average 2,77781025473718E-02 
Standard Deviation 1,42767360555372E-07 

TABLE 10 
Bolt check (C4) > Geometry > Part 107 > Parts 

Object Name Part 107 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 1143, mm 
Length Y 1143, mm 
Length Z 1500, mm 

Properties 
Volume 1,3377e+008 mm³ 

Mass 1050,1 kg 
Centroid X 8,8696e-002 mm 
Centroid Y 5,9198e-014 mm 
Centroid Z 1,4986e-013 mm 

Moment of Inertia Ip1 3,5829e+008 kg·mm² 
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Moment of Inertia Ip2 3,5836e+008 kg·mm² 
Moment of Inertia Ip3 3,2482e+008 kg·mm² 

Statistics 
Nodes 15480 

Elements 2160 
Mesh Metric Skewness 

Min 2,77778071567026E-02 
Max 2,77785598226894E-02 

Average 2,77781025473718E-02 
Standard Deviation 1,42767360555372E-07 

TABLE 11 
Bolt check (C4) > Geometry > Parts 

Object Name Part 110 Part 2 Part 3 Part 4 Part 5 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects 

Yes 

Thermal 
Strain Effects 

Yes 

Bounding Box 
Length X 700, mm 215,6 mm 327,63 mm 
Length Y 30, mm 246,64 mm 302,57 mm 
Length Z 760, mm 1120, mm 20, mm 

Properties 
Volume 1,5702e+007 mm³ 1,3534e+007 mm³ 9,1092e+005 mm³ 

Mass 123,26 kg 106,24 kg 7,1508 kg 
Centroid X -1500, mm -65,168 mm -186,12 mm 
Centroid Y -1165,5 mm 715,75 mm 653,64 mm 
Centroid Z 2,5653e-012 mm -4,8088e-006 mm -2,2434e-015 mm -180, mm -360, mm 
Moment of 
Inertia Ip1 

5,9579e+006 
kg·mm² 1,199e+007 kg·mm² 22793 kg·mm² 

Moment of 
Inertia Ip2 

1,0891e+007 
kg·mm² 

1,1222e+007 
kg·mm² 

42679 kg·mm² 

Moment of 
Inertia Ip3 

4,9515e+006 
kg·mm² 

8,0407e+005 
kg·mm² 

64995 kg·mm² 

Statistics 
Nodes 5624 4357 518 

Elements 978 724 65 
Mesh Metric Skewness 

Min 9,3076260280272E-
04 

0,011650618861668 1,45303156343499E-
02 

1,45303156343448E-
02 

1,45303156343438E-
02 

Max 0,675486079914591 0,556331700654277 0,512002513503938 
Average 0,108166880821473 0,221742526456546 0,165039542186167 

Standard 
Deviation 0,129785120724642 0,128803227615819 0,120344267704764 

TABLE 12 
Bolt check (C4) > Geometry > Parts 

Object Name Part 6 Part 7 Part 8 Part 9 Part 10 
State Meshed 
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Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 327,63 mm 408,5 mm 
Length Y 302,57 mm 324,69 mm 
Length Z 20, mm 

Properties 
Volume 9,1092e+005 mm³ 1,0129e+006 mm³ 

Mass 7,1508 kg 7,9516 kg 
Centroid X -186,12 mm 61,271 mm 
Centroid Y 653,64 mm 711,6 mm 
Centroid Z 180, mm 360, mm -540, mm 540, mm -360, mm 
Moment of 
Inertia Ip1 

22793 kg·mm² 12352 kg·mm² 

Moment of 
Inertia Ip2 

42679 kg·mm² 95549 kg·mm² 

Moment of 
Inertia Ip3 

64995 kg·mm² 1,0737e+005 kg·mm² 

Statistics 
Nodes 518 932 

Elements 65 117 
Mesh Metric Skewness 

Min 1,45303156343506E-02 1,45303156343457E-
02 

1,45303156343511E-
02 

4,21644331178599E-
02 

Max 0,512002513503949 0,512002513503941 0,51200251350394 0,512002513503941 0,701342177947464 
Average 0,165039542186167 0,485150428159298 

Standard 
Deviation 

0,120344267704764 0,140667649270926 

TABLE 13 
Bolt check (C4) > Geometry > Parts 

Object Name Part 11 Part 12 Part 13 Part 14 Part 15 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 
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Thermal 
Strain Effects Yes 

Bounding Box 
Length X 408,5 mm 195,11 mm 336,33 mm 
Length Y 324,69 mm 273,09 mm 290,6 mm 
Length Z 20, mm 1120, mm 20, mm 

Properties 
Volume 1,0129e+006 mm³ 1,3534e+007 mm³ 9,1092e+005 mm³ 

Mass 7,9516 kg 106,24 kg 7,1508 kg 
Centroid X 61,271 mm 660,58 mm 564,14 mm 
Centroid Y 711,6 mm -283,16 mm -379, mm 
Centroid Z 360, mm -5,177e-006 mm -3,5192e-015 mm 180, mm 360, mm 
Moment of 
Inertia Ip1 12352 kg·mm² 1,199e+007 kg·mm² 22793 kg·mm² 

Moment of 
Inertia Ip2 95549 kg·mm² 1,1222e+007 kg·mm² 42679 kg·mm² 

Moment of 
Inertia Ip3 1,0737e+005 kg·mm² 8,0404e+005 kg·mm² 64995 kg·mm² 

Statistics 
Nodes 932 4357 518 

Elements 117 724 65 
Mesh Metric Skewness 

Min 
4,21644331178599E

-02 
1,16506503059919E

-02 
0,01453041635696

4 
1,45304163569654E

-02 
1,45304163569653E

-02 
Max 0,701342177947464 0,5563317185945 0,512002193506519 

Average 0,485150428159297 0,2217425443135 0,165039530216544 
Standard 
Deviation 0,140667649270927 0,128803236805365 0,120344254612298 

TABLE 14 
Bolt check (C4) > Geometry > Parts 

Object Name Part 16 Part 17 Part 18 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 336,33 mm 
Length Y 290,6 mm 
Length Z 20, mm 

Properties 
Volume 9,1092e+005 mm³ 

Mass 7,1508 kg 
Centroid X 564,14 mm 
Centroid Y -379, mm 
Centroid Z -180, mm -360, mm 540, mm 

Moment of Inertia Ip1 22793 kg·mm² 
Moment of Inertia Ip2 42679 kg·mm² 
Moment of Inertia Ip3 64995 kg·mm² 

Statistics 
Nodes 518 

Elements 65 
Mesh Metric Skewness 
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Min 1,45304163569657E-02 0,014530416356964 1,45304163569654E-02 
Max 0,512002193506524 0,512002193506519 

Average 0,165039530216544 
Standard Deviation 0,120344254612298 

TABLE 15 
Bolt check (C4) > Geometry > Body Groups 

Object Name Part 167 Part 168 
State Meshed 

Graphics Properties 
Visible Yes 

Definition 
Suppressed No 
Assignment Clamp steel 

Coordinate System Default Coordinate System 
Bounding Box 

Length X 1392,7 mm 1966,4 mm 
Length Y 942,57 mm 1529,5 mm 
Length Z 940, mm 380, mm 

Properties 
Volume 3,9039e+007 mm³ 4,5002e+007 mm³ 

Mass 306,46 kg 353,26 kg 
Centroid X -1002,7 mm -878,93 mm 
Centroid Y -735,24 mm -622,01 mm 
Centroid Z -4,7355e-009 mm 2,8422e-014 mm 

Moment of Inertia Ip1 -2,5695e+007 kg·mm² -1,6966e+007 kg·mm² 
Moment of Inertia Ip2 7,4899e+007 kg·mm² 1,0256e+008 kg·mm² 
Moment of Inertia Ip3 5,7134e+007 kg·mm² 1,0344e+008 kg·mm² 

Statistics 
Nodes 20043 20548 

Elements 2620 2866 
Mesh Metric Skewness 

Min 1,28570008830285E-02 1,34222502290619E-07 
Max 0,635024754850647 0,630612494438596 

Average 0,374806121704758 0,106056267466017 
Standard Deviation 0,161278383303815 9,07650311926692E-02 

TABLE 16 
Bolt check (C4) > Geometry > Part 167 > Parts 

Object Name Part 167:Body 2 Part 167:Body 1 Part 167:Body 3 Part 167:Body 4 Part 167:Body 5 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal Strain 
Effects Yes 

Bounding Box 
Length X 1179,9 mm 1055,2 mm 1179,9 mm 1055,2 mm 
Length Y 942,57 mm 670,02 mm 942,57 mm 670,02 mm 
Length Z 340, mm 280, mm 340, mm 
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Properties 
Volume 1,0122e+007 mm³ 5,6268e+006 mm³ 4,6715e+006 mm³ 5,6268e+006 mm³ 8,3205e+006 mm³ 

Mass 79,46 kg 44,171 kg 36,671 kg 44,171 kg 65,316 kg 
Centroid X -1140, mm -1115,2 mm -840,34 mm -1115,2 mm -866,03 mm 
Centroid Y -684,09 mm -664,15 mm -802,05 mm -664,15 mm -818,62 mm 
Centroid Z 2,3553e-013 mm 286,15 mm -287,36 mm -286,15 mm 3,6174e-013 mm 
Moment of 
Inertia Ip1 

7,6815e+005 kg·mm² 1,464e+005 kg·mm² 1,2495e+005 
kg·mm² 

1,464e+005 kg·mm² 6,3142e+005 
kg·mm² 

Moment of 
Inertia Ip2 1,5442e+007 kg·mm² 8,8149e+006 

kg·mm² 
5,0138e+006 

kg·mm² 
8,8149e+006 

kg·mm² 
8,7827e+006 

kg·mm² 
Moment of 
Inertia Ip3 1,4679e+007 kg·mm² 8,6714e+006 

kg·mm² 
4,8913e+006 

kg·mm² 
8,6714e+006 

kg·mm² 
8,1556e+006 

kg·mm² 
Statistics 

Nodes 4602 3154 2666 3154 3801 
Elements 612 408 344 408 504 

Mesh Metric Skewness 

Min 1,28570008830285E-
02 0,121940228772664 0,147043142256577 0,121940228773237 0,251582609432595 

Max 0,56888569447759 0,56888569447732 0,635024754850643 0,568885694477314 0,635024754850484 
Average 0,290302644765428 0,327842794622525 0,431158863841133 0,327842794622421 0,476527383998892 

Standard 
Deviation 

0,174997260051432 0,142869233338681 0,136697230319947 0,142869233338616 0,112863319428897 

TABLE 17 
Bolt check (C4) > Geometry > Part 167 > Parts 

Object Name Part 167:Body 6 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 1055,2 mm 
Length Y 670,02 mm 
Length Z 280, mm 

Properties 
Volume 4,6715e+006 mm³ 

Mass 36,671 kg 
Centroid X -840,34 mm 
Centroid Y -802,05 mm 
Centroid Z 287,36 mm 

Moment of Inertia Ip1 1,2495e+005 kg·mm² 
Moment of Inertia Ip2 5,0138e+006 kg·mm² 
Moment of Inertia Ip3 4,8913e+006 kg·mm² 

Statistics 
Nodes 2666 

Elements 344 
Mesh Metric Skewness 

Min 0,147043142256505 
Max 0,635024754850647 

Average 0,431158863840972 
Standard Deviation 0,136697230320043 
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TABLE 18 
Bolt check (C4) > Geometry > Part 168 > Parts 

Object Name Part 168:Body 1 Part 168:Body 2 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 1966,4 mm 
Length Y 1529,5 mm 
Length Z 20, mm 

Properties 
Volume 2,2501e+007 mm³ 

Mass 176,63 kg 
Centroid X -878,93 mm 
Centroid Y -622,01 mm 
Centroid Z 180, mm -180, mm 

Moment of Inertia Ip1 1,5073e+007 kg·mm² 
Moment of Inertia Ip2 3,6657e+007 kg·mm² 
Moment of Inertia Ip3 5,1718e+007 kg·mm² 

Statistics 
Nodes 9991 10557 

Elements 1389 1477 
Mesh Metric Skewness 

Min 1,34222502290619E-07 
Max 0,579184356596601 0,630612494438596 

Average 9,75164975073474E-02 0,114087235964726 
Standard Deviation 8,66241219683841E-02 9,38161024265272E-02 

TABLE 19 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Part 109 Part 111 Part 112 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness 
Behavior Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 1143, mm 537,51 mm 680, mm 
Length Y 1143, mm 249,5 mm 299,5 mm 
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Length Z 3000, mm 760, mm 20, mm 
Properties 

Volume 2,6754e+008 mm³ 1,1783e+007 mm³ 2,0069e+006 mm³ 
Mass 2100,2 kg 92,497 kg 15,754 kg 

Centroid X 6,6132e-014 mm 1,9257e-014 mm -1500, mm 
Centroid Y 1,0519e-013 mm 9,9001e-014 mm -1327,1 mm -1284,5 mm 
Centroid Z 2250, mm -2250, mm -6,6222e-012 mm 2,4593e-014 mm -180, mm 
Moment of 
Inertia Ip1 

1,8919e+009 kg·mm² 4,9266e+006 kg·mm² 1,0414e+005 kg·mm² 

Moment of 
Inertia Ip2 

1,8919e+009 kg·mm² 7,3606e+006 kg·mm² 9,4954e+005 kg·mm² 

Moment of 
Inertia Ip3 

6,4951e+008 kg·mm² 3,4268e+006 kg·mm² 1,0526e+006 kg·mm² 

Statistics 
Nodes 3480 2189 1031 

Elements 480 288 124 
Mesh Metric Skewness 

Min 8,33332971479483E-
02 

8,33332971479644E-
02 

5,84098799933312E-
02 2,12269373262377E-02 

Max 8,33337649077044E-
02 

8,33337649077013E-
02 0,10380946899594 0,536835591001785 0,536835591001779 

Average 8,33335459135925E-
02 

8,33335459136026E-
02 

8,11234012466018E-
02 0,148645748660336 0,148645748660335 

Standard 
Deviation 

1,44899518002028E-
07 

1,44868802682552E-
07 

1,46773819037213E-
02 0,110950983017304 0,110950983017305 

TABLE 20 
Bolt check (C4) > Geometry > Parts 

Object Name Part 113 Part 114 Part 115 Part 116 Part 117 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior 

Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects 

Yes 

Bounding Box 
Length X 680, mm 91,303 mm 
Length Y 299,5 mm 20, mm 
Length Z 20, mm 760, mm 

Properties 
Volume 2,0069e+006 mm³ 1,3018e+006 mm³ 

Mass 15,754 kg 10,219 kg 
Centroid X -1500, mm -1805,1 mm -1194,9 mm 
Centroid Y -1284,5 mm -1490, mm 
Centroid Z -360, mm 180, mm 360, mm 3,3542e-011 mm -4,4782e-011 mm 
Moment of 
Inertia Ip1 1,0414e+005 kg·mm² 4,9745e+005 kg·mm² 

Moment of 
Inertia Ip2 9,4954e+005 kg·mm² 5,0454e+005 kg·mm² 

Moment of 
Inertia Ip3 1,0526e+006 kg·mm² 7765,3 kg·mm² 
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Statistics 
Nodes 1031 850 

Elements 124 102 
Mesh Metric Skewness 

Min 
2,12269373262377E

-02 
2,12269373262376E

-02 
2,12269373262377E

-02 
9,72112528705313E

-03 
9,86837835606333E

-03 
Max 0,536835591001794 0,53683559100177 0,536835591001789 0,658890449569679 0,658890373985007 

Average 0,148645748660335 0,148645748660334 0,148645748660336 0,206164372933614 0,206158639887314 
Standard 
Deviation 0,110950983017304 0,110950983017305 0,184451658814402 0,184459935982683 

TABLE 21 
Bolt check (C4) > Geometry > Parts 

Object Name Part 118 Part 119 Part 120 Part 121 Part 122 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment Clamp steel 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 537,51 mm 700, mm 680, mm 
Length Y 249,5 mm 30, mm 299,5 mm 
Length Z 760, mm 20, mm 

Properties 
Volume 1,1783e+007 mm³ 1,5702e+007 mm³ 2,0069e+006 mm³ 

Mass 92,497 kg 123,26 kg 15,754 kg 
Centroid X -1500, mm 
Centroid Y -1672,9 mm -1834,5 mm -1715,5 mm 
Centroid Z -1,3631e-011 mm 1,9927e-013 mm -9,8983e-015 mm -180, mm -360, mm 
Moment of 
Inertia Ip1 

4,9266e+006 kg·mm² 5,9579e+006 kg·mm² 1,0414e+005 kg·mm² 

Moment of 
Inertia Ip2 

7,3606e+006 kg·mm² 1,0891e+007 kg·mm² 9,4954e+005 kg·mm² 

Moment of 
Inertia Ip3 

3,4268e+006 kg·mm² 4,9515e+006 kg·mm² 1,0526e+006 kg·mm² 

Statistics 
Nodes 2189 5624 1031 

Elements 288 978 124 
Mesh Metric Skewness 

Min 5,84098851592735E-
02 

9,30762602808091E-
04 0,021226937326253 2,12269373262391E-

02 
Max 0,103809468995915 0,67548607991459 0,536835591001759 0,536835591001777 0,536835591001769 

Average 8,11233961389966E-
02 

0,108166880821472 0,148645748660329 0,148645748660327 0,148645748660328 

Standard 
Deviation 0,014677417570033 0,129785120724641 0,110950983017306 0,110950983017307 0,110950983017308 

TABLE 22 
Bolt check (C4) > Geometry > Parts 

Object Name Part 123 Part 124 Part 125 Part 126 
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State Meshed 
Graphics Properties 

Visible Yes 
Transparency 1 

Definition 
Suppressed No 

Stiffness Behavior Flexible 
Coordinate System Default Coordinate System 

Reference Temperature By Environment 
Material 

Assignment Clamp steel 
Nonlinear Effects Yes 

Thermal Strain Effects Yes 
Bounding Box 

Length X 680, mm 91,303 mm 
Length Y 299,5 mm 20, mm 
Length Z 20, mm 760, mm 

Properties 
Volume 2,0069e+006 mm³ 1,3018e+006 mm³ 

Mass 15,754 kg 10,219 kg 
Centroid X -1500, mm -1194,9 mm -1805,1 mm 
Centroid Y -1715,5 mm -1510, mm 
Centroid Z 180, mm 360, mm -6,5523e-011 mm -1,1769e-011 mm 

Moment of Inertia Ip1 1,0414e+005 kg·mm² 4,9745e+005 kg·mm² 
Moment of Inertia Ip2 9,4954e+005 kg·mm² 5,0454e+005 kg·mm² 
Moment of Inertia Ip3 1,0526e+006 kg·mm² 7765,3 kg·mm² 

Statistics 
Nodes 1031 850 

Elements 124 102 
Mesh Metric Skewness 

Min 0,021226937326253 2,12269373262577E-02 9,72112544995619E-03 9,55231891611279E-03 
Max 0,536835591001777 0,536835591001776 0,658890368375126 0,658890449569678 

Average 0,148645748660329 0,148645748660328 0,206167038736625 0,206158948167862 
Standard Deviation 0,110950983017308 0,110950983017307 0,184452193922543 0,184457535519197 

TABLE 23 
Bolt check (C4) > Geometry > Body Groups 

Object Name Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Definition 
Suppressed No 
Assignment A320 

Coordinate System Default Coordinate System 
Bounding Box 

Length X 657,48 mm 33, mm 
Length Y 494,88 mm 699, mm 
Length Z 45, mm 33, mm 

Properties 
Volume 1,2405e+006 mm³ 5,9785e+005 mm³ 

Mass 9,7382 kg 4,6932 kg 
Centroid X -368,45 mm -1793,4 mm 
Centroid Y 507,13 mm -1500, mm 
Centroid Z 450, mm 270, mm 

Moment of Inertia Ip1 7,2917e+005 kg·mm² 1,9044e+005 kg·mm² 
Moment of Inertia Ip2 -5,2529e+005 kg·mm² 632,4 kg·mm² 
Moment of Inertia Ip3 -70830 kg·mm² 1,9044e+005 kg·mm² 

Statistics 
Nodes 2469 2955 

Elements 450 540 
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Mesh Metric Skewness 
Min 0,440138732486726 0,44011888500314 

Max 0,551232086350019 0,551257731534364 
Average 0,500000000065278 0,500000000065288 

Standard Deviation 3,80711342255428E-02 3,80890151526413E-02 

TABLE 24 
Bolt check (C4) > Geometry > Solid > Parts 

Object Name Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment A320 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
Length X 657,48 mm 
Length Y 494,88 mm 
Length Z 45, mm 

Properties 
Volume 1,2405e+006 mm³ 

Mass 9,7382 kg 
Centroid X -368,45 mm 
Centroid Y 507,13 mm 
Centroid Z 450, mm 

Moment of Inertia Ip1 2440,1 kg·mm² 
Moment of Inertia Ip2 4,9244e+005 kg·mm² 
Moment of Inertia Ip3 4,9244e+005 kg·mm² 

Statistics 
Nodes 2469 

Elements 450 
Mesh Metric Skewness 

Min 0,440138732486726 
Max 0,551232086350019 

Average 0,500000000065278 
Standard Deviation 3,80711342255428E-02 

TABLE 25 
Bolt check (C4) > Geometry > Solid > Parts 

Object Name Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
Reference Temperature By Environment 

Material 
Assignment A320 

Nonlinear Effects Yes 
Thermal Strain Effects Yes 

Bounding Box 
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Length X 33, mm 
Length Y 699, mm 
Length Z 33, mm 

Properties 
Volume 5,9785e+005 mm³ 

Mass 4,6932 kg 
Centroid X -1793,4 mm 
Centroid Y -1500, mm 
Centroid Z 270, mm 

Moment of Inertia Ip1 1,9044e+005 kg·mm² 
Moment of Inertia Ip2 632,4 kg·mm² 
Moment of Inertia Ip3 1,9044e+005 kg·mm² 

Statistics 
Nodes 2955 

Elements 540 
Mesh Metric Skewness 

Min 0,44011888500314 
Max 0,551257731534364 

Average 0,500000000065288 
Standard Deviation 3,80890151526413E-02 

TABLE 26 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior 

Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment A320 

Nonlinear 
Effects 

Yes 

Thermal 
Strain Effects 

Yes 

Bounding Box 
Length X 88,788 mm 75, mm 33, mm 75, mm 
Length Y 101,18 mm 35, mm 699, mm 35, mm 
Length Z 96, mm 75, mm 33, mm 75, mm 

Properties 
Volume 2,8953e+005 mm³ 1,5463e+005 mm³ 5,9785e+005 mm³ 1,5463e+005 mm³ 

Mass 2,2728 kg 1,2138 kg 4,6932 kg 1,2138 kg 
Centroid X -700,15 mm -1793,4 mm -1206,6 mm 
Centroid Y 266,14 mm -1867, mm -1133, mm -1500, mm -1867, mm 
Centroid Z 450, mm 270, mm 
Moment of 
Inertia Ip1 2591,8 kg·mm² 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 

Moment of 
Inertia Ip2 1597,4 kg·mm² 844,83 kg·mm² 632,4 kg·mm² 844,83 kg·mm² 

Moment of 
Inertia Ip3 

1597,3 kg·mm² 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 

Statistics 
Nodes 410 569 2955 569 

Elements 62 88 540 88 
Mesh Metric Skewness 
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Min 
5,26584940020604E

-03 
2,51621975414209E

-02 
2,51621969437135E

-02 0,435521393777587 
2,51621759087575E

-02 
Max 0,391125818314752 0,383604260619502 0,383604337010751 0,553019810894248 0,38360425277399 

Average 0,192729337112471 0,169521137800938 0,169521111280568 0,500460391492182 0,169520833422492 
Standard 
Deviation 0,134589805395133 0,124651328327566 0,124651385384051 4,46728240124611E

-02 0,124651080812731 

TABLE 27 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 

1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 75, mm 33, mm 75, mm 33, mm 
Length Y 35, mm 699, mm 35, mm 699, mm 
Length Z 75, mm 33, mm 75, mm 33, mm 

Properties 
Volume 1,5463e+005 mm³ 5,9785e+005 mm³ 1,5463e+005 mm³ 5,9785e+005 mm³ 

Mass 1,2138 kg 4,6932 kg 1,2138 kg 4,6932 kg 
Centroid X -1206,6 mm -1793,4 mm -1206,6 mm 
Centroid Y -1133, mm -1500, mm -1867, mm -1133, mm -1500, mm 
Centroid Z 270, mm 90, mm 
Moment of 
Inertia Ip1 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 1,9044e+005 kg·mm² 

Moment of 
Inertia Ip2 844,83 kg·mm² 632,4 kg·mm² 844,83 kg·mm² 632,4 kg·mm² 

Moment of 
Inertia Ip3 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 1,9044e+005 kg·mm² 

Statistics 
Nodes 569 2955 569 2955 

Elements 88 540 88 540 
Mesh Metric Skewness 

Min 
2,51621695420813E

-02 0,44011888500314 
2,51621975414209E

-02 
2,51621969437135E

-02 0,435521393777587 

Max 0,383604459761315 0,551257731534364 0,383604260619502 0,383604337010751 0,553019810894248 
Average 0,169520988949984 0,500000000065288 0,169521137800938 0,169521111280568 0,500460391492182 

Standard 
Deviation 0,124651452410631 3,80890151526413E

-02 0,124651328327566 0,124651385384051 4,46728240124611E
-02 

TABLE 28 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc 1 



 

 

 

Bolt check 

      

 

F-22 

-Finite element analysis of a friction clamp located on a North Sea jacket- 

F 

y 
Definition 

Suppressed No 
Stiffness 
Behavior 

Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 75, mm 33, mm 75, mm 
Length Y 35, mm 699, mm 35, mm 
Length Z 75, mm 33, mm 75, mm 

Properties 
Volume 1,5463e+005 mm³ 5,9785e+005 mm³ 1,5463e+005 mm³ 

Mass 1,2138 kg 4,6932 kg 1,2138 kg 
Centroid X -1206,6 mm -1793,4 mm 
Centroid Y -1867, mm -1133, mm -1500, mm -1867, mm -1133, mm 
Centroid Z 90, mm -90, mm 
Moment of 
Inertia Ip1 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 

Moment of 
Inertia Ip2 844,83 kg·mm² 632,4 kg·mm² 844,83 kg·mm² 

Moment of 
Inertia Ip3 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 

Statistics 
Nodes 569 2955 569 

Elements 88 540 88 
Mesh Metric Skewness 

Min 
2,51621759087575E

-02 
2,51621695420813E

-02 0,44011888500314 
2,51621975414209E

-02 
2,51621969437135E

-02 
Max 0,38360425277399 0,383604459761315 0,551257731534364 0,383604260619502 0,383604337010751 

Average 0,169520833422492 0,169520988949984 0,500000000065288 0,169521137800938 0,169521111280568 
Standard 
Deviation 0,124651080812731 0,124651452410631 3,80890151526413E

-02 0,124651328327566 0,124651385384051 

TABLE 29 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior 

Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 
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Bounding Box 
Length X 33, mm 75, mm 33, mm 75, mm 
Length Y 699, mm 35, mm 699, mm 35, mm 
Length Z 33, mm 75, mm 33, mm 75, mm 

Properties 
Volume 5,9785e+005 mm³ 1,5463e+005 mm³ 5,9785e+005 mm³ 1,5463e+005 mm³ 

Mass 4,6932 kg 1,2138 kg 4,6932 kg 1,2138 kg 
Centroid X -1206,6 mm -1793,4 mm 
Centroid Y -1500, mm -1867, mm -1133, mm -1500, mm -1867, mm 
Centroid Z -90, mm -270, mm 
Moment of 
Inertia Ip1 1,9044e+005 kg·mm² 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 

Moment of 
Inertia Ip2 632,4 kg·mm² 844,83 kg·mm² 632,4 kg·mm² 844,83 kg·mm² 

Moment of 
Inertia Ip3 1,9044e+005 kg·mm² 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 

Statistics 
Nodes 2955 569 2955 569 

Elements 540 88 540 88 
Mesh Metric Skewness 

Min 0,435521393777587 2,51621759087575E
-02 

2,51621695420813E
-02 0,44011888500314 2,51621975414209E

-02 
Max 0,553019810894248 0,38360425277399 0,383604459761315 0,551257731534364 0,383604260619502 

Average 0,500460391492182 0,169520833422492 0,169520988949984 0,500000000065288 0,169521137800938 
Standard 
Deviation 

4,46728240124611E
-02 

0,124651080812731 0,124651452410631 3,80890151526426E
-02 

0,124651328327566 

TABLE 30 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 

1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 75, mm 33, mm 75, mm 88,788 mm 
Length Y 35, mm 699, mm 35, mm 101,18 mm 
Length Z 75, mm 33, mm 75, mm 96, mm 

Properties 
Volume 1,5463e+005 mm³ 5,9785e+005 mm³ 1,5463e+005 mm³ 2,8953e+005 mm³ 

Mass 1,2138 kg 4,6932 kg 1,2138 kg 2,2728 kg 
Centroid X -1793,4 mm -1206,6 mm -36,758 mm 
Centroid Y -1133, mm -1500, mm -1867, mm -1133, mm 748,13 mm 
Centroid Z -270, mm 450, mm 
Moment of 
Inertia Ip1 

545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 2591,8 kg·mm² 

Moment of 
Inertia Ip2 844,83 kg·mm² 632,4 kg·mm² 844,83 kg·mm² 1597,4 kg·mm² 
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F 

Moment of 
Inertia Ip3 545,7 kg·mm² 1,9044e+005 kg·mm² 545,7 kg·mm² 1597,4 kg·mm² 

Statistics 
Nodes 569 2955 569 377 

Elements 88 540 88 56 
Mesh Metric Skewness 

Min 
2,51621969437135E

-02 0,435521393777587 
2,51621759087575E

-02 
2,51621695420813E

-02 
7,67962448515975E

-02 
Max 0,383604337010751 0,553019810894248 0,383604252773993 0,383604459761315 0,382442778011599 

Average 0,169521111280568 0,500460391492182 0,169520833422492 0,169520988949984 0,265142950721297 
Standard 
Deviation 0,124651385384051 4,46728240124611E

-02 0,124651080812731 0,124651452410631 9,51828443407145E
-02 

TABLE 31 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior 

Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 657,48 mm 88,788 mm 657,48 mm 88,788 mm 
Length Y 494,88 mm 101,18 mm 494,88 mm 101,18 mm 
Length Z 45, mm 96, mm 45, mm 96, mm 

Properties 
Volume 1,2405e+006 mm³ 2,8953e+005 mm³ 1,2405e+006 mm³ 2,8953e+005 mm³ 

Mass 9,7382 kg 2,2728 kg 9,7382 kg 2,2728 kg 
Centroid X 368,46 mm 36,76 mm 700,15 mm -368,45 mm -700,15 mm 
Centroid Y -507,14 mm -748,13 mm -266,15 mm 507,13 mm 266,14 mm 
Centroid Z 450, mm 270, mm 
Moment of 
Inertia Ip1 2440,1 kg·mm² 2591,8 kg·mm² 2590,1 kg·mm² 2440,1 kg·mm² 2591,8 kg·mm² 

Moment of 
Inertia Ip2 4,9244e+005 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 

Moment of 
Inertia Ip3 4,9244e+005 kg·mm² 1597,4 kg·mm² 1595,7 kg·mm² 4,9244e+005 kg·mm² 1597,3 kg·mm² 

Statistics 
Nodes 2469 377 2469 498 

Elements 450 56 450 78 
Mesh Metric Skewness 

Min 0,440138732485638 
5,99716297886576E

-02 0,130115686410123 0,440138732486726 
8,61703737395741E

-02 
Max 0,551232086355783 0,356001720473829 0,428612801636582 0,551232086350019 0,55610654203922 

Average 0,500000000065292 0,260406958772791 0,306112068889663 0,500000000065278 0,273157987943119 
Standard 
Deviation 

3,80711342266405E
-02 0,094434851504264 7,39375375836418E

-02 
3,80711342255428E

-02 0,12152744702881 

TABLE 32 
Bolt check (C4) > Geometry > Parts 
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Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment A320 

Nonlinear 
Effects 

Yes 

Thermal 
Strain Effects 

Yes 

Bounding Box 
Length X 88,788 mm 657,48 mm 88,788 mm 657,48 mm 
Length Y 101,18 mm 494,88 mm 101,18 mm 494,88 mm 
Length Z 96, mm 45, mm 96, mm 45, mm 

Properties 
Volume 2,8953e+005 mm³ 1,2405e+006 mm³ 2,8953e+005 mm³ 1,2405e+006 mm³ 

Mass 2,2728 kg 9,7382 kg 2,2728 kg 9,7382 kg 
Centroid X -36,758 mm 368,46 mm 36,76 mm 700,15 mm -368,45 mm 
Centroid Y 748,13 mm -507,14 mm -748,13 mm -266,15 mm 507,13 mm 
Centroid Z 270, mm 90, mm 
Moment of 
Inertia Ip1 2591,8 kg·mm² 2440,1 kg·mm² 2591,8 kg·mm² 2590,1 kg·mm² 2440,1 kg·mm² 

Moment of 
Inertia Ip2 

1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 

Moment of 
Inertia Ip3 

1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 1595,7 kg·mm² 4,9244e+005 kg·mm² 

Statistics 
Nodes 377 2469 377 2469 

Elements 56 450 56 450 
Mesh Metric Skewness 

Min 7,67962448515975E
-02 

0,440138732485638 5,99716297886576E
-02 

0,130115686410123 0,440138732486726 

Max 0,382442778011599 0,551232086355783 0,356001720473829 0,428612801636582 0,551232086350019 
Average 0,265142950721297 0,500000000065292 0,260406958772791 0,306112068889663 0,500000000065278 

Standard 
Deviation 

9,51828443407145E
-02 

3,80711342266405E
-02 0,094434851504264 

7,39375375836418E
-02 

3,80711342255428E
-02 

TABLE 33 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
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Assignment A320 
Nonlinear 

Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 88,788 mm 657,48 mm 88,788 mm 
Length Y 101,18 mm 494,88 mm 101,18 mm 
Length Z 96, mm 45, mm 96, mm 

Properties 
Volume 2,8953e+005 mm³ 1,2405e+006 mm³ 2,8953e+005 mm³ 

Mass 2,2728 kg 9,7382 kg 2,2728 kg 
Centroid X -700,15 mm -36,758 mm 368,46 mm 36,76 mm 700,15 mm 
Centroid Y 266,14 mm 748,13 mm -507,14 mm -748,13 mm -266,15 mm 
Centroid Z 90, mm 
Moment of 
Inertia Ip1 

2591,8 kg·mm² 2440,1 kg·mm² 2591,8 kg·mm² 2590,1 kg·mm² 

Moment of 
Inertia Ip2 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 

Moment of 
Inertia Ip3 1597,3 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 1595,7 kg·mm² 

Statistics 
Nodes 498 377 2469 377 

Elements 78 56 450 56 
Mesh Metric Skewness 

Min 8,61703737395741E
-02 

7,67962448515975E
-02 0,440138732485638 5,99716297886576E

-02 0,130115686410123 

Max 0,55610654203922 0,382442778011599 0,551232086355783 0,356001720473829 0,428612801636582 
Average 0,273157987943119 0,265142950721297 0,500000000065292 0,260406958772791 0,306112068889663 

Standard 
Deviation 

0,12152744702881 9,51828443407145E
-02 

3,80711342266405E
-02 

0,094434851504264 7,39375375836418E
-02 

TABLE 34 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 

1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 657,48 mm 88,788 mm 657,48 mm 88,788 mm 
Length Y 494,88 mm 101,18 mm 494,88 mm 101,18 mm 
Length Z 45, mm 96, mm 45, mm 96, mm 

Properties 
Volume 1,2405e+006 mm³ 2,8953e+005 mm³ 1,2405e+006 mm³ 2,8953e+005 mm³ 

Mass 9,7382 kg 2,2728 kg 9,7382 kg 2,2728 kg 
Centroid X -368,45 mm -700,15 mm -36,758 mm 368,46 mm 36,76 mm 
Centroid Y 507,13 mm 266,14 mm 748,13 mm -507,14 mm -748,13 mm 
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Centroid Z -90, mm 
Moment of 
Inertia Ip1 2440,1 kg·mm² 2591,8 kg·mm² 2440,1 kg·mm² 2591,8 kg·mm² 

Moment of 
Inertia Ip2 4,9244e+005 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 

Moment of 
Inertia Ip3 4,9244e+005 kg·mm² 1597,3 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 

Statistics 
Nodes 2469 498 377 2469 377 

Elements 450 78 56 450 56 
Mesh Metric Skewness 

Min 0,440138732486726 
8,61703737395741E

-02 
7,67962448515975E

-02 0,440138732485638 
5,99716297886576E

-02 
Max 0,551232086350019 0,55610654203922 0,382442778011599 0,551232086355783 0,356001720473829 

Average 0,500000000065278 0,273157987943119 0,265142950721297 0,500000000065292 0,260406958772791 
Standard 
Deviation 

3,80711342255428E
-02 0,12152744702881 9,51828443407145E

-02 
3,80711342266405E

-02 0,094434851504264 

TABLE 35 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior Flexible 

Coordinate 
System 

Default Coordinate System 

Reference 
Temperature 

By Environment 

Material 
Assignment A320 

Nonlinear 
Effects Yes 

Thermal 
Strain Effects Yes 

Bounding Box 
Length X 88,788 mm 657,48 mm 88,788 mm 657,48 mm 
Length Y 101,18 mm 494,88 mm 101,18 mm 494,88 mm 
Length Z 96, mm 45, mm 96, mm 45, mm 

Properties 
Volume 2,8953e+005 mm³ 1,2405e+006 mm³ 2,8953e+005 mm³ 1,2405e+006 mm³ 

Mass 2,2728 kg 9,7382 kg 2,2728 kg 9,7382 kg 
Centroid X 700,15 mm -368,45 mm -700,15 mm -36,758 mm 368,46 mm 
Centroid Y -266,15 mm 507,13 mm 266,14 mm 748,13 mm -507,14 mm 
Centroid Z -90, mm -270, mm 
Moment of 
Inertia Ip1 2590,1 kg·mm² 2440,1 kg·mm² 2591,8 kg·mm² 2440,1 kg·mm² 

Moment of 
Inertia Ip2 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 

Moment of 
Inertia Ip3 1595,7 kg·mm² 4,9244e+005 kg·mm² 1597,3 kg·mm² 1597,4 kg·mm² 4,9244e+005 kg·mm² 

Statistics 
Nodes 377 2469 498 377 2469 

Elements 56 450 78 56 450 
Mesh Metric Skewness 

Min 0,130115686410123 0,440138732486726 
8,61703737395741E

-02 
7,67962448515975E

-02 0,440138732485638 

Max 0,428612801636582 0,551232086350019 0,55610654203922 0,382442778011599 0,551232086355783 
Average 0,306112068889663 0,500000000065278 0,273157987943119 0,265142950721297 0,500000000065292 
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Standard 
Deviation 

7,39375375836418E
-02 

3,80711342255428E
-02 0,12152744702881 

9,51828443407144E
-02 

3,80711342266405E
-02 

TABLE 36 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparenc
y 1 

Definition 
Suppressed No 

Stiffness 
Behavior 

Flexible 

Coordinate 
System Default Coordinate System 

Reference 
Temperature By Environment 

Material 
Assignment A320 

Nonlinear 
Effects 

Yes 

Thermal 
Strain Effects 

Yes 

Bounding Box 
Length X 88,788 mm 657,48 mm 88,788 mm 
Length Y 101,18 mm 494,88 mm 101,18 mm 
Length Z 96, mm 45, mm 96, mm 

Properties 
Volume 2,8953e+005 mm³ 1,2405e+006 mm³ 2,8953e+005 mm³ 

Mass 2,2728 kg 9,7382 kg 2,2728 kg 
Centroid X 36,76 mm 700,15 mm -368,45 mm -700,15 mm -36,758 mm 
Centroid Y -748,13 mm -266,15 mm 507,13 mm 266,14 mm 748,13 mm 
Centroid Z -270, mm -450, mm 
Moment of 
Inertia Ip1 2591,8 kg·mm² 2590,1 kg·mm² 2440,1 kg·mm² 2591,8 kg·mm² 

Moment of 
Inertia Ip2 1597,4 kg·mm² 4,9244e+005 kg·mm² 1597,4 kg·mm² 

Moment of 
Inertia Ip3 

1597,4 kg·mm² 1595,7 kg·mm² 4,9244e+005 kg·mm² 1597,3 kg·mm² 1597,4 kg·mm² 

Statistics 
Nodes 377 2469 498 377 

Elements 56 450 78 56 
Mesh Metric Skewness 

Min 5,99716297886575E
-02 

0,130115686410123 0,440138732486726 8,61703737395741E
-02 

7,67962448515975E
-02 

Max 0,356001720473829 0,428612801636582 0,551232086350019 0,55610654203922 0,382442778011599 
Average 0,260406958772791 0,306112068889663 0,500000000065278 0,273157987943119 0,265142950721297 

Standard 
Deviation 

9,44348515042642E
-02 

7,39375375836418E
-02 

3,80711342255428E
-02 0,12152744702881 

9,51828443407144E
-02 

TABLE 37 
Bolt check (C4) > Geometry > Parts 

Object Name Solid Solid Solid 
State Meshed 

Graphics Properties 
Visible Yes 

Transparency 1 
Definition 

Suppressed No 
Stiffness Behavior Flexible 

Coordinate System Default Coordinate System 
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Reference Temperature By Environment 
Material 

Assignment A320 
Nonlinear Effects Yes 

Thermal Strain Effects Yes 
Bounding Box 

Length X 657,48 mm 88,788 mm 
Length Y 494,88 mm 101,18 mm 
Length Z 45, mm 96, mm 

Properties 
Volume 1,2405e+006 mm³ 2,8953e+005 mm³ 

Mass 9,7382 kg 2,2728 kg 
Centroid X 368,46 mm 36,76 mm 700,15 mm 
Centroid Y -507,14 mm -748,13 mm -266,15 mm 
Centroid Z -450, mm 

Moment of Inertia Ip1 2440,1 kg·mm² 2591,8 kg·mm² 2590,1 kg·mm² 
Moment of Inertia Ip2 4,9244e+005 kg·mm² 1597,4 kg·mm² 
Moment of Inertia Ip3 4,9244e+005 kg·mm² 1597,4 kg·mm² 1595,7 kg·mm² 

Statistics 
Nodes 2469 377 

Elements 450 56 
Mesh Metric Skewness 

Min 0,440138732485637 5,99716297886575E-02 0,130115686410123 
Max 0,551232086355783 0,356001720473829 0,428612801636582 

Average 0,500000000065292 0,260406958772791 0,306112068889663 
Standard Deviation 3,80711342266405E-02 9,44348515042642E-02 7,39375375836418E-02 

TABLE 38 
Bolt check (C4) > Construction Geometry 

Object Name Construction Geometry 
State Fully Defined 

Display 
Show Mesh No 

TABLE 39 
Bolt check (C4) > Construction Geometry > Paths 

Object Name Path 
State Fully Defined 
Definition 

Path Type Two Points 
Path Coordinate System Global Coordinate System 

Number of Sampling Points 47, 
Suppressed No 

Start 
Coordinate System Global Coordinate System 
Start X Coordinate 347,42 mm 
Start Y Coordinate -522,42 mm 
Start Z Coordinate 472,5 mm 

Location Defined 
End 

Coordinate System Global Coordinate System 
End X Coordinate 347,42 mm 
End Y Coordinate -522,42 mm 
End Z Coordinate 427,5 mm 

Location Defined 

Coordinate Systems 

TABLE 40 
Bolt check (C4) > Coordinate Systems > Coordinate System 

Object Name Global Coordinate System 
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State Fully Defined 
Definition 

Type Cartesian 
Coordinate System ID 0,  

Origin 
Origin X 0, mm 
Origin Y 0, mm 
Origin Z 0, mm 
Directional Vectors 

X Axis Data [ 1, 0, 0, ] 
Y Axis Data [ 0, 1, 0, ] 
Z Axis Data [ 0, 0, 1, ] 

Connections 

TABLE 41 
Bolt check (C4) > Connections 

Object Name Connections 
State Fully Defined 

Auto Detection 
Generate Automatic Connection On Refresh Yes 

Transparency 
Enabled Yes 

TABLE 42 
Bolt check (C4) > Connections > Contacts 

Object Name Contacts 
State Fully Defined 

Definition 
Connection Type Contact 

Scope 
Scoping Method Geometry Selection 

Geometry All Bodies 
Auto Detection 

Tolerance Type Value 
Tolerance Value 1, mm 

Face/Face Yes 
Face/Edge No 
Edge/Edge No 

Priority Include All 
Group By Bodies 

Search Across Bodies 

TABLE 43 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 110 
To Part 111 

Bonded - Part 110 
To Part 112 

Bonded - Part 110 
To Part 113 

Bonded - Part 110 
To Part 114 

Bonded - Part 110 
To Part 115 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 110 

Target Bodies Part 111 Part 112 Part 113 Part 114 Part 115 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
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Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 44 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 109 
To Part 111 

Bonded - Part 109 
To Part 112 

Bonded - Part 109 
To Part 113 

Bonded - Part 109 
To Part 114 

Bonded - Part 109 
To Part 115 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 109 

Target Bodies Part 111 Part 112 Part 113 Part 114 Part 115 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 45 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 109 
To Part 116 

Bonded - Part 109 
To Part 117 

Bonded - Part 111 
To Part 116 

Bonded - Part 111 
To Part 117 

Bonded - Part 112 
To Part 116 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 109 Part 111 Part 112 

Target Bodies Part 116 Part 117 Part 116 Part 117 Part 116 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 46 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 112 
To Part 117 

Bonded - Part 113 
To Part 116 

Bonded - Part 113 
To Part 117 

Bonded - Part 114 
To Part 116 

Bonded - Part 114 
To Part 117 
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State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 112 Part 113 Part 114 

Target Bodies Part 117 Part 116 Part 117 Part 116 Part 117 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 47 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 115 

To Part 116 
Bonded - Part 115 

To Part 117 
Bonded - Part 118 

To Part 120 
Bonded - Part 118 

To Part 121 
Bonded - Part 118 

To Part 122 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 115 Part 118 

Target Bodies Part 116 Part 117 Part 120 Part 121 Part 122 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 48 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 118 

To Part 123 
Bonded - Part 118 

To Part 124 
Bonded - Part 118 

To Part 125 
Bonded - Part 118 

To Part 126 
Bonded - Part 119 

To Part 120 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 118 Part 119 

Target Bodies Part 123 Part 124 Part 125 Part 126 Part 120 
Definition 

Type Bonded 
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Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 49 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 119 
To Part 121 

Bonded - Part 119 
To Part 122 

Bonded - Part 119 
To Part 123 

Bonded - Part 119 
To Part 124 

Bonded - Part 120 
To Part 125 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 119 Part 120 

Target Bodies Part 121 Part 122 Part 123 Part 124 Part 125 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 50 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 120 
To Part 126 

Bonded - Part 121 
To Part 125 

Bonded - Part 121 
To Part 126 

Bonded - Part 122 
To Part 125 

Bonded - Part 122 
To Part 126 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 120 Part 121 Part 122 

Target Bodies Part 126 Part 125 Part 126 Part 125 Part 126 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 
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TABLE 51 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 123 
To Part 125 

Bonded - Part 123 
To Part 126 

Bonded - Part 124 
To Part 125 

Bonded - Part 124 
To Part 126 

Frictional - Part 116 
To Part 126 

State Fully Defined 
Scope 

Scoping Method Geometry Selection 
Contact 1 Face 
Target 1 Face 

Contact Bodies Part 123 Part 124 Part 116 
Target Bodies Part 125 Part 126 Part 125 Part 126 

Definition 
Type Bonded Frictional 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Friction 

Coefficient   0,21 

Advanced 
Formulation Pure Penalty Normal Lagrange 

Normal 
Stiffness 

Program Controlled   

Update 
Stiffness Never   

Pinball Region Program Controlled Radius 
Interface 

Treatment 
  Adjust to Touch 

Pinball Radius   10, mm 
Time Step 

Controls 
  None 

TABLE 52 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Frictional - Part 117 

To Part 125 
Frictional - Part 24 To 

Part 107 
Frictional - Part 1 To 

Part 107 
Bonded - Part 19 

To Part 1 
Bonded - Part 19 

To Part 12 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 117 Part 24 Part 1 Part 19 
Target Bodies Part 125 Part 107 Part 1 Part 12 

Definition 
Type Frictional Bonded 

Friction 
Coefficient 0,21   

Scope Mode Automatic Manual Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Normal Lagrange Pure Penalty 
Interface 

Treatment Adjust to Touch   

Pinball Region Radius Program Controlled 
Pinball Radius 10, mm 25, mm   

Time Step 
Controls 

None   

Normal 
Stiffness   Program Controlled 

Update 
Stiffness   Never 

TABLE 53 
Bolt check (C4) > Connections > Contacts > Contact Regions 
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Object Name 
Bonded - Part 20 To 

Part 1 
Bonded - Part 20 To 

Part 12 
Bonded - Part 21 To 

Part 1 
Bonded - Part 21 To 

Part 12 
Bonded - Part 22 To 

Part 1 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 20 Part 21 Part 22 

Target Bodies Part 1 Part 12 Part 1 Part 12 Part 1 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 54 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 22 To 

Part 2 
Bonded - Part 23 To 

Part 1 
Bonded - Part 23 To 

Part 12 
Bonded - Part 24 To 

Part 25 
Bonded - Part 24 To 

Part 26 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 22 Part 23 Part 24 

Target Bodies Part 2 Part 1 Part 12 Part 25 Part 26 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 55 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 24 To 

Part 27 
Bonded - Part 24 To 

Part 28 
Bonded - Part 24 To 

Part 29 
Bonded - Part 24 To 

Part 30 
Bonded - Part 24 To 

Part 31 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 24 

Target Bodies Part 27 Part 28 Part 29 Part 30 Part 31 
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Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 56 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 24 To 

Part 32 
Bonded - Part 24 To 

Part 33 
Bonded - Part 24 To 

Part 34 
Bonded - Part 24 To 

Part 35 
Bonded - Part 24 To 

Part 36 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 24 

Target Bodies Part 32 Part 33 Part 34 Part 35 Part 36 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 57 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 24 To 

Part 37 
Bonded - Part 24 To 

Part 38 
Bonded - Part 24 To 

Part 39 
Bonded - Part 24 To 

Part 40 
Bonded - Part 24 To 

Part 41 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 24 

Target Bodies Part 37 Part 38 Part 39 Part 40 Part 41 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness Never 
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Pinball Region Program Controlled 

TABLE 58 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 24 To 
Part 42 

Bonded - Part 24 To 
Part 43 

Bonded - Part 24 To 
Part 44 

Bonded - Part 24 To 
Part 45 

Bonded - Part 24 To 
Part 46 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 24 

Target Bodies Part 42 Part 43 Part 44 Part 45 Part 46 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 59 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 24 To 
Part 167:Body 3 

Bonded - Part 24 To 
Part 167:Body 5 

Bonded - Part 24 To 
Part 167:Body 6 

Bonded - Part 24 To 
Part 168:Body 1 

Bonded - Part 24 To 
Part 168:Body 2 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 24 

Target 
Bodies Part 167:Body 3 Part 167:Body 5 Part 167:Body 6 Part 168:Body 1 Part 168:Body 2 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball 
Region 

Program Controlled 

TABLE 60 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 25 To 
Part 26 

Bonded - Part 25 To 
Part 27 

Bonded - Part 25 To 
Part 28 

Bonded - Part 25 To 
Part 29 

Bonded - Part 25 To 
Part 30 

State Fully Defined 
Scope 

Scoping Geometry Selection 
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Method 
Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 25 

Target Bodies Part 26 Part 27 Part 28 Part 29 Part 30 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 61 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 25 To 

Part 31 
Bonded - Part 25 To 

Part 32 
Bonded - Part 25 To 

Part 33 
Bonded - Part 25 To 

Part 34 
Bonded - Part 25 To 

Part 45 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 25 

Target Bodies Part 31 Part 32 Part 33 Part 34 Part 45 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 62 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 25 To 

Part 168:Body 1 
Bonded - Part 25 To 

Part 168:Body 2 
Bonded - Part 35 

To Part 36 
Bonded - Part 35 

To Part 37 
Bonded - Part 35 

To Part 38 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 25 Part 35 

Target Bodies Part 168:Body 1 Part 168:Body 2 Part 36 Part 37 Part 38 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 
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Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness Never 

Pinball 
Region Program Controlled 

TABLE 63 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 35 To 
Part 39 

Bonded - Part 35 To 
Part 40 

Bonded - Part 35 To 
Part 41 

Bonded - Part 35 To 
Part 42 

Bonded - Part 35 To 
Part 43 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 35 

Target Bodies Part 39 Part 40 Part 41 Part 42 Part 43 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 64 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 35 
To Part 44 

Bonded - Part 35 
To Part 46 

Bonded - Part 35 To 
Part 168:Body 1 

Bonded - Part 35 To 
Part 168:Body 2 

Bonded - Part 35 
To Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 35 

Target Bodies Part 44 Part 46 Part 168:Body 1 Part 168:Body 2 Solid 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 65 
Bolt check (C4) > Connections > Contacts > Contact Regions 
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Object Name 
Bonded - Part 1 To 

Part 2 
Bonded - Part 1 To 

Part 3 
Bonded - Part 1 To 

Part 4 
Bonded - Part 1 To 

Part 5 
Bonded - Part 1 To 

Part 6 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 1 
Target Bodies Part 2 Part 3 Part 4 Part 5 Part 6 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 66 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 1 To 
Part 7 

Bonded - Part 1 To 
Part 8 

Bonded - Part 1 To 
Part 9 

Bonded - Part 1 To 
Part 10 

Bonded - Part 1 To 
Part 11 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 1 

Target Bodies Part 7 Part 8 Part 9 Part 10 Part 11 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 67 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 1 To 
Part 12 

Bonded - Part 1 To 
Part 13 

Bonded - Part 1 To 
Part 14 

Bonded - Part 1 To 
Part 15 

Bonded - Part 1 To 
Part 16 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 1 

Target Bodies Part 12 Part 13 Part 14 Part 15 Part 16 
Definition 
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Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 68 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 1 To 
Part 17 

Bonded - Part 1 To 
Part 18 

Bonded - Part 107 
To Solid 

Bonded - Part 107 
To Solid 

Bonded - Part 110 To Part 
167:Body 2 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 1 Part 107 Part 110 

Target Bodies Part 17 Part 18 Solid Part 167:Body 2 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 69 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 110 
To Part 167:Body 1 

Bonded - Part 110 
To Part 167:Body 3 

Bonded - Part 110 
To Part 167:Body 4 

Bonded - Part 110 
To Part 167:Body 5 

Bonded - Part 110 
To Part 167:Body 6 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 110 

Target 
Bodies Part 167:Body 1 Part 167:Body 3 Part 167:Body 4 Part 167:Body 5 Part 167:Body 6 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 
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Pinball 
Region Program Controlled 

TABLE 70 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 110 To 
Part 168:Body 1 

Bonded - Part 110 To 
Part 168:Body 2 

Bonded - Part 110 
To Solid 

Bonded - Part 110 
To Solid 

Bonded - Part 110 
To Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 110 

Target Bodies Part 168:Body 1 Part 168:Body 2 Solid 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness 

Never 

Pinball 
Region 

Program Controlled 

TABLE 71 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 110 
To Solid 

Bonded - Part 110 
To Solid 

Bonded - Part 110 
To Solid 

Bonded - Part 110 
To Solid 

Bonded - Part 110 
To Solid 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies 

Part 110 

Target Bodies Solid 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 72 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 2 To 
Part 3 

Bonded - Part 2 To 
Part 4 

Bonded - Part 2 To 
Part 5 

Bonded - Part 2 To 
Part 6 

Bonded - Part 2 To 
Part 7 

State Fully Defined 
Scope 

Scoping Geometry Selection 
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Method 
Contact 1 Face 
Target 1 Face 

Contact Bodies Part 2 
Target Bodies Part 3 Part 4 Part 5 Part 6 Part 7 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 73 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 2 To 
Part 8 

Bonded - Part 2 To 
Part 9 

Bonded - Part 2 To 
Part 10 

Bonded - Part 2 To 
Part 11 

Bonded - Part 12 To 
Part 13 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 2 Part 12 

Target Bodies Part 8 Part 9 Part 10 Part 11 Part 13 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 74 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 12 To 
Part 14 

Bonded - Part 12 To 
Part 15 

Bonded - Part 12 To 
Part 16 

Bonded - Part 12 To 
Part 17 

Bonded - Part 12 To 
Part 18 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 12 

Target Bodies Part 14 Part 15 Part 16 Part 17 Part 18 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
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Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 75 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 

167:Body 2 To Part 
168:Body 1 

Bonded - Part 
167:Body 2 To Part 

168:Body 2 

Bonded - Part 
167:Body 1 To Part 

168:Body 1 

Bonded - Part 
167:Body 3 To Part 

168:Body 2 

Bonded - Part 
167:Body 4 To Part 

168:Body 2 
State Fully Defined 

Scope 
Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 167:Body 2 Part 167:Body 1 Part 167:Body 3 Part 167:Body 4 

Target 
Bodies Part 168:Body 1 Part 168:Body 2 Part 168:Body 1 Part 168:Body 2 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness Never 

Pinball 
Region Program Controlled 

TABLE 76 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 167:Body 
5 To Part 168:Body 1 

Bonded - Part 167:Body 
5 To Part 168:Body 2 

Bonded - Part 167:Body 
6 To Part 168:Body 1 

Bonded - Part 
119 To Solid 

Bonded - Part 
119 To Solid 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 167:Body 5 Part 167:Body 6 Part 119 

Target 
Bodies Part 168:Body 1 Part 168:Body 2 Part 168:Body 1 Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball 
Region 

Program Controlled 
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TABLE 77 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 119 
To Solid 

Bonded - Part 119 
To Solid 

Bonded - Part 119 
To Solid 

Bonded - Part 119 
To Solid 

Bonded - Part 119 
To Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact 
Bodies Part 119 

Target Bodies Solid 
Definition 

Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 78 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 119 To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 119 Solid 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 79 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid 
Target Bodies Solid 
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Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 80 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 81 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Part 25 To 
Solid 

Bonded - Part 25 To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid Part 25 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 
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TABLE 82 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 25 To 
Solid 

Bonded - Part 25 To 
Solid 

Bonded - Part 25 To 
Solid 

Bonded - Part 25 To 
Solid 

Bonded - Part 35 To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 25 Part 35 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 83 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 35 To 
Solid 

Bonded - Part 35 To 
Solid 

Bonded - Part 35 To 
Solid 

Bonded - Part 35 To 
Solid 

Bonded - Part 2 To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 35 Part 2 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 84 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 2 To 

Solid 
Bonded - Part 2 To 

Solid 
Bonded - Part 2 To 

Solid 
Bonded - Part 2 To 

Solid 
Bonded - Part 2 To 

Solid 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 2 
Target Bodies Solid 

Definition 
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Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 85 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Part 12 To 
Solid 

Bonded - Part 12 To 
Solid 

Bonded - Part 12 To 
Solid 

Bonded - Part 12 To 
Solid 

Bonded - Part 12 To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 12 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 86 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Part 12 To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Part 12 Solid 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 
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TABLE 87 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method 

Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 88 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

Bonded - Solid To 
Solid 

State Fully Defined 
Scope 

Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal 

Stiffness 
Program Controlled 

Update 
Stiffness 

Never 

Pinball Region Program Controlled 

TABLE 89 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
Bonded - Solid To 

Solid 
State Fully Defined 

Scope 
Scoping 
Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid 
Target Bodies Solid 

Definition 
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Type Bonded 
Scope Mode Automatic 

Behavior Symmetric 
Suppressed No 

Advanced 
Formulation Pure Penalty 

Normal 
Stiffness 

Program Controlled 

Update 
Stiffness Never 

Pinball Region Program Controlled 

TABLE 90 
Bolt check (C4) > Connections > Contacts > Contact Regions 

Object Name Bonded - Solid To Solid Bonded - Solid To Solid Bonded - Solid To Solid Bonded - Solid To Solid 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Contact 1 Face 
Target 1 Face 

Contact Bodies Solid 
Target Bodies Solid 

Definition 
Type Bonded 

Scope Mode Automatic 
Behavior Symmetric 

Suppressed No 
Advanced 

Formulation Pure Penalty 
Normal Stiffness Program Controlled 
Update Stiffness Never 

Pinball Region Program Controlled 

Mesh 

TABLE 91 
Bolt check (C4) > Mesh 

Object Name Mesh 
State Solved 

Defaults 
Physics Preference Mechanical 

Relevance 0 
Sizing 

Use Advanced Size Function Off 
Relevance Center Coarse 

Element Size Default 
Initial Size Seed Active Assembly 

Smoothing Medium 
Transition Fast 

Span Angle Center Coarse 
Minimum Edge Length 20,0 mm 

Inflation 
Use Automatic Inflation None 

Inflation Option Smooth Transition 
Transition Ratio 0,272 

Maximum Layers 5 
Growth Rate 1,2 

Inflation Algorithm Pre 
View Advanced Options No 

Advanced 
Shape Checking Standard Mechanical 

Element Midside Nodes Program Controlled 
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Straight Sided Elements No 
Number of Retries Default (4) 

Extra Retries For Assembly Yes 
Rigid Body Behavior Dimensionally Reduced 

Mesh Morphing Disabled 
Defeaturing 

Pinch Tolerance Please Define 
Generate Pinch on Refresh No 

Automatic Mesh Based Defeaturing On 
Defeaturing Tolerance Default 

Statistics 
Nodes 227755 

Elements 34990 
Mesh Metric Skewness 

Min 1,34222502290619E-07 
Max 0,701342273938782 

Average 0,263600745331541 
Standard Deviation 0,204632867506524 

TABLE 92 
Bolt check (C4) > Mesh > Mesh Controls 

Object Name MultiZone Body Sizing MultiZone 2 Body Sizing 2 MultiZone 3 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 2 Bodies 3 Bodies 6 Bodies 
Definition 

Suppressed No 
Method MultiZone   MultiZone   MultiZone 

Mapped Mesh Type Hexa   Hexa   Hexa/Prism 
Free Mesh Type Not Allowed   Not Allowed   Not Allowed 

Element Midside Nodes Use Global Setting   Use Global Setting   Use Global Setting 
Src/Trg Selection Automatic   Automatic   Automatic 

Source Program Controlled   Program Controlled   Program Controlled 
Type   Element Size   Element Size   

Element Size   150, mm   50, mm   
Behavior   Soft   Soft   

Advanced 
Mesh Based Defeaturing Off   Off   Off 

Minimum Edge Length 3431,2 mm   20,06 mm   30, mm 
Write ICEM CFD Files No   No   No 

TABLE 93 
Bolt check (C4) > Mesh > Mesh Controls 

Object Name Edge Sizing Face Sizing MultiZone 4 Body Sizing 3 Edge Sizing 2 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 6 Edges 6 Faces 2 Bodies 2 Edges 
Definition 

Suppressed No 
Type Number of Divisions Element Size   Element Size Number of Divisions 

Number of Divisions 2   2 
Behavior Soft   Soft 

Bias Type No Bias   No Bias 
Element Size   35, mm   50, mm   

Method   MultiZone   
Mapped Mesh Type   Hexa   

Free Mesh Type   Not Allowed   
Element Midside Nodes   Use Global Setting   

Src/Trg Selection   Automatic   
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Source   Program Controlled   
Advanced 

Mesh Based Defeaturing   Off   
Minimum Edge Length   25,033 mm   
Write ICEM CFD Files   No   

TABLE 94 
Bolt check (C4) > Mesh > Mesh Controls 

Object Name MultiZone 5 Body Sizing 4 Sweep Method Face Sizing 2 MultiZone 6 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 2 Bodies 6 Bodies 6 Faces 40 Bodies 
Definition 

Suppressed No 
Method MultiZone   Sweep   MultiZone 

Mapped Mesh Type Hexa/Prism   Hexa/Prism 
Free Mesh Type Not Allowed   Not Allowed 

Element Midside Nodes Use Global Setting   Use Global Setting   Use Global Setting 
Src/Trg Selection Automatic   Automatic   Automatic 

Source Program Controlled   Program Controlled   Program Controlled 
Type   Element Size   

Element Size   30, mm   30, mm   
Behavior   Soft   Soft   

Target   Program Controlled   
Free Face Mesh Type   Quad/Tri   
Sweep Element Size   30, mm   

Sweep Bias Type   No Bias   
Element Option   Solid   

Constrain Boundary   No   
Advanced 

Mesh Based Defeaturing Off   Off 
Minimum Edge Length 20, mm   20, mm 
Write ICEM CFD Files No   No 

TABLE 95 
Bolt check (C4) > Mesh > Mesh Controls 

Object Name Body Sizing 5 MultiZone 7 Body Sizing 6 Patch Conforming Method Body Sizing 7 
State Fully Defined Suppressed 

Scope 
Scoping Method Geometry Selection 

Geometry 40 Bodies 14 Bodies 75 Bodies 2 Bodies 
Definition 

Suppressed No Yes 
Type Element Size   Element Size   Element Size 

Element Size 30, mm   30, mm   75, mm 
Behavior Soft   Soft   Soft 

Method   MultiZone   Tetrahedrons   
Mapped Mesh Type   Hexa/Prism   

Free Mesh Type   Not Allowed   
Element Midside Nodes   Use Global Setting   Use Global Setting   

Src/Trg Selection   Automatic   
Source   Program Controlled   
Active   No, Suppressed 

Algorithm   Patch Conforming   
Advanced 

Mesh Based Defeaturing   Off   
Minimum Edge Length   20, mm   
Write ICEM CFD Files   No   
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TABLE 96 
Bolt check (C4) > Mesh > Mesh Controls 

Object Name MultiZone 8 Face Sizing 3 Automatic Method Face Sizing 4 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 17 Bodies 24 Faces 20 Bodies 16 Faces 
Definition 

Suppressed No 
Method MultiZone   Automatic   

Mapped Mesh Type Hexa   
Free Mesh Type Not Allowed   

Element Midside Nodes Use Global Setting   Use Global Setting   
Src/Trg Selection Automatic   

Source Program Controlled   
Type   Element Size   Element Size 

Element Size   20, mm   17,5 mm 
Behavior   Soft   Soft 

Advanced 
Mesh Based Defeaturing Off   

Minimum Edge Length 235,62 mm   
Write ICEM CFD Files No   

 

Static Structural (C5) 

TABLE 97 
Bolt check (C4) > Analysis 

Object Name Static Structural (C5) 
State Solved 

Definition 
Physics Type Structural 

Analysis Type Static Structural 
Solver Target Mechanical APDL 

Options 
Environment Temperature 22, °C 

Generate Input Only No 

TABLE 98 
Bolt check (C4) > Static Structural (C5) > Analysis Settings 

Object Name Analysis Settings 
State Fully Defined 

Step Controls 
Number Of Steps 2, 

Current Step Number 1, 
Step End Time 1, s 

Auto Time Stepping On 
Define By Substeps 

Initial Substeps 5, 
Minimum Substeps 5, 
Maximum Substeps 30, 

Solver Controls 
Solver Type Program Controlled 

Weak Springs Program Controlled 
Large Deflection Off 

Inertia Relief Off 
Restart Controls 

Generate Restart Points Program Controlled 
Retain Files After Full 

Solve 
No 

Nonlinear Controls 
Force Convergence Program Controlled 
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Moment Convergence Program Controlled 
Displacement 
Convergence Program Controlled 

Rotation Convergence Program Controlled 
Line Search Program Controlled 
Stabilization Off 

Output Controls 
Calculate Stress Yes 
Calculate Strain Yes 

Calculate Contact No 
Calculate Results At All Time Points 

Analysis Data Management 

Solver Files Directory C:\Documents and Settings\SS7N0605\My Documents\ANSYS final\Analysis Clamp 
4_files\dp0\SYS-5\MECH\ 

Future Analysis None 
Scratch Solver Files 

Directory  

Save MAPDL db No 
Delete Unneeded Files Yes 

Nonlinear Solution Yes 
Solver Units Active System 

Solver Unit System nmm 

TABLE 99 
Bolt check (C4) > Static Structural (C5) > Analysis Settings 

Step-Specific "Step Controls" 
Step Step End Time Initial Substeps Carry Over Time Step 

1 1, s 5, 
 

2 2, s 
 

On 

TABLE 100 
Bolt check (C4) > Static Structural (C5) > Accelerations 

Object Name Standard Earth Gravity 
State Fully Defined 

Scope 
Geometry All Bodies 

Definition 
Coordinate System Global Coordinate System 

X Component -0, mm/s² (ramped) 
Y Component -0, mm/s² (ramped) 
Z Component -9806,6 mm/s² (ramped) 

Suppressed No 
Direction -Z Direction 

FIGURE 2 
Bolt check (C4) > Static Structural (C5) > Standard Earth Gravity 



 

 

 

Bolt check 

      

 

F-55 

-Finite element analysis of a friction clamp located on a North Sea jacket- 

F 

 

TABLE 101 
Bolt check (C4) > Static Structural (C5) > Loads 

Object Name Upper support Lower support Vert. wave on clamp 1/2 Hor. wave on clamp 1/4 Hor. wave on clamp 1 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 
Definition 

Type Fixed Support Force 
Suppressed No 

Define By   Vector 
Magnitude   Tabular Data 

Direction   Defined 

FIGURE 3 
Bolt check (C4) > Static Structural (C5) > Vert. wave on clamp 
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TABLE 102 
Bolt check (C4) > Static Structural (C5) > Vert. wave on clamp 

Steps Time [s] Force [N] 

1 
0, 

0, 
1, 

2 2, 23400 

FIGURE 4 
Bolt check (C4) > Static Structural (C5) > 1/2 Hor. wave on clamp 



 

 

 

Bolt check 

      

 

F-57 

-Finite element analysis of a friction clamp located on a North Sea jacket- 

F 

 

TABLE 103 
Bolt check (C4) > Static Structural (C5) > 1/2 Hor. wave on clamp 

Steps Time [s] Force [N] 

1 
0, 

0, 
1, 

2 2, 24115 

FIGURE 5 
Bolt check (C4) > Static Structural (C5) > 1/4 Hor. wave on clamp 1 
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TABLE 104 
Bolt check (C4) > Static Structural (C5) > 1/4 Hor. wave on clamp 1 

Steps Time [s] Force [N] 

1 
0, 

0, 
1, 

2 2, 12058 

TABLE 105 
Bolt check (C4) > Static Structural (C5) > Loads 

Object Name 1/4 Hor. wave on clamp 2 Riser south 1/2 Riser east 1 1/2 Riser east 2 Riser vertical 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 1 Edge 1 Face 
Definition 

Type Force 
Define By Vector Components Vector 

Magnitude Tabular Data   Tabular Data 
Direction Defined   Defined 

Suppressed No 
Coordinate System   Global Coordinate System   

X Component   Tabular Data   
Y Component   Tabular Data   
Z Component   Tabular Data   

FIGURE 6 
Bolt check (C4) > Static Structural (C5) > 1/4 Hor. wave on clamp 2 
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TABLE 106 
Bolt check (C4) > Static Structural (C5) > 1/4 Hor. wave on clamp 2 

Steps Time [s] Force [N] 

1 
0, 

0, 
1, 

2 2, 12058 

FIGURE 7 
Bolt check (C4) > Static Structural (C5) > Riser south 
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TABLE 107 
Bolt check (C4) > Static Structural (C5) > Riser south 

Steps Time [s] X [N] Y [N] Z [N] 

1 
0, 

0, 
0, 

0, 1, 
2 2, 1,8989e+005 

FIGURE 8 
Bolt check (C4) > Static Structural (C5) > 1/2 Riser east 1 
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TABLE 108 
Bolt check (C4) > Static Structural (C5) > 1/2 Riser east 1 

Steps Time [s] X [N] Y [N] Z [N] 

1 
0, 

0, 
0, 0, 1, 

2 2, -79945 

FIGURE 9 
Bolt check (C4) > Static Structural (C5) > 1/2 Riser east 2 
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TABLE 109 
Bolt check (C4) > Static Structural (C5) > 1/2 Riser east 2 

Steps Time [s] X [N] Y [N] Z [N] 

1 
0, 

0, 
0, 0, 1, 

2 2, -79945 

FIGURE 10 
Bolt check (C4) > Static Structural (C5) > Riser vertical 
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TABLE 110 
Bolt check (C4) > Static Structural (C5) > Riser vertical 

Steps Time [s] Force [N] 

1 
0, 

0, 
1, 

2 2, 32460 

TABLE 111 
Bolt check (C4) > Static Structural (C5) > Loads 

Object Name Pressure Pressure 2 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 
Definition 
Type Pressure 

Define By Normal To 
Magnitude Tabular Data 

Suppressed No 
Tabular Data 

Independent Variable Time 

FIGURE 11 
Bolt check (C4) > Static Structural (C5) > Pressure 



 

 

 

Bolt check 

      

 

F-64 

-Finite element analysis of a friction clamp located on a North Sea jacket- 

F 

 

TABLE 112 
Bolt check (C4) > Static Structural (C5) > Pressure 

Steps Time [s] Pressure [MPa] 

1 
0, 

0, 
1, 

2 2, 0,199 

FIGURE 12 
Bolt check (C4) > Static Structural (C5) > Pressure 2 
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TABLE 113 
Bolt check (C4) > Static Structural (C5) > Pressure 2 

Steps Time [s] Pressure [MPa] 

1 
0, 

0, 
1, 

2 2, 0,199 

TABLE 114 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 

Object Name Bolt Pretension Bolt Pretension 2 Bolt Pretension 3 Bolt Pretension 4 Bolt Pretension 5 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 
Definition 

Type Bolt Pretension 
Suppressed No 

Define By Load 
Preload 6,854e+005 N 

FIGURE 13 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 
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TABLE 115 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 14 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 2 
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TABLE 116 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 2 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 15 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 3 
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TABLE 117 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 3 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 16 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 4 
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TABLE 118 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 4 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 17 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 5 
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TABLE 119 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 5 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

TABLE 120 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 6 

Object Name Bolt Pretension 6 Bolt Pretension 7 Bolt Pretension 8 Bolt Pretension 9 Bolt Pretension 10 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 
Definition 

Type Bolt Pretension 
Suppressed No 

Define By Load 
Preload 6,854e+005 N 

FIGURE 18 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 6 
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TABLE 121 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 6 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 19 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 7 
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TABLE 122 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 7 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 20 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 8 
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TABLE 123 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 8 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 21 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 9 
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TABLE 124 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 9 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 22 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 10 
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TABLE 125 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 10 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

TABLE 126 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 11 

Object Name Bolt Pretension 11 Bolt Pretension 12 Bolt Pretension 13 Bolt Pretension 14 Bolt Pretension 15 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 
Definition 

Type Bolt Pretension 
Suppressed No 

Define By Load 
Preload 6,854e+005 N 3,76e+005 N 

FIGURE 23 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 11 
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TABLE 127 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 11 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 24 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 12 
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TABLE 128 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 12 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 6,854e+005 

N/A 
2, Lock N/A 

FIGURE 25 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 13 
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TABLE 129 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 13 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

FIGURE 26 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 14 
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TABLE 130 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 14 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

FIGURE 27 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 15 
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TABLE 131 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 15 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

TABLE 132 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 16 

Object Name Bolt Pretension 16 Bolt Pretension 17 Bolt Pretension 18 Bolt Pretension 19 Bolt Pretension 20 
State Fully Defined 

Scope 
Scoping Method Geometry Selection 

Geometry 1 Face 
Definition 

Type Bolt Pretension 
Suppressed No 

Define By Load 
Preload 3,76e+005 N 

FIGURE 28 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 16 
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TABLE 133 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 16 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

FIGURE 29 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 17 
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TABLE 134 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 17 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

FIGURE 30 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 18 
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TABLE 135 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 18 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

FIGURE 31 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 19 
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TABLE 136 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 19 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

FIGURE 32 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 20 
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TABLE 137 
Bolt check (C4) > Static Structural (C5) > Bolt Pretension 20 

Steps Define By Preload [N] Adjustment [mm] 
1, Load 3,76e+005 

N/A 
2, Lock N/A 

Solution (C6) 

TABLE 138 
Bolt check (C4) > Static Structural (C5) > Solution 

Object Name Solution (C6) 
State Solved 

Adaptive Mesh Refinement 
Max Refinement Loops 1, 

Refinement Depth 2, 
Information 

Status Done 

TABLE 139 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Solution Information 

Object Name Solution Information 
State Solved 

Solution Information 
Solution Output Force Convergence 

Newton-Raphson Residuals 3 
Update Interval 2, s 
Display Points All 

FIGURE 33 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Solution Information 
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FIGURE 34 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Solution Information 

 

TABLE 142 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Results 

Object Name Equivalent Stress Total Deformation 
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State Solved 
Scope 

Scoping Method Geometry Selection 
Geometry All Bodies 

Definition 
Type Equivalent (von-Mises) Stress Total Deformation 

By Time 
Display Time 2, s Last 

Calculate Time History Yes 
Identifier 

 
Integration Point Results 

Display Option Averaged   
Results 

Minimum 1,6414e-002 MPa 0, mm 
Maximum 907,39 MPa 4,6196 mm 

Minimum Occurs On Part 167:Body 4 Solid 
Maximum Occurs On Solid 

Minimum Value Over Time 
Minimum 7,5986e-003 MPa 0, mm 

Maximum 3,8271e-002 MPa 0, mm 
Maximum Value Over Time 

Minimum 184,16 MPa 0,4705 mm 
Maximum 920,43 MPa 4,6196 mm 

Information 
Time 2, s 

Load Step 2 
Substep 5 

Iteration Number 27 

FIGURE 41 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Equivalent Stress 

 

TABLE 143 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Equivalent Stress 
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Time [s] Minimum [MPa] Maximum [MPa] 
0,2 7,5986e-003 184,16 
0,4 1,522e-002 368,27 
0,6 2,2875e-002 552,36 
0,8 3,056e-002 736,41 
1, 3,8271e-002 920,43 
1,2 3,8195e-002 917,81 
1,4 3,5831e-002 915,2 
1,6 2,5659e-002 912,6 
1,8 1,9109e-002 909,99 
2, 1,6414e-002 907,39 

FIGURE 42 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Total Deformation 

 

TABLE 144 
Bolt check (C4) > Static Structural (C5) > Solution (C6) > Total Deformation 

Time [s] Minimum [mm] Maximum [mm] 
0,2 

0, 

0,4705 
0,4 0,94253 
0,6 1,4137 
0,8 1,8845 
1, 2,3564 
1,2 2,3905 
1,4 2,4972 
1,6 3,1352 
1,8 3,8278 
2, 4,6196 
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Material Data  

Clamp steel 

TABLE 166 
Clamp steel > Constants 

Density 7.85e-006 kg mm^-3 

TABLE 167 
Clamp steel > Isotropic Elasticity 

Temperature C Young's Modulus MPa Poisson's Ratio  Bulk Modulus MPa Shear Modulus MPa 

 
2.07e+005 0.3 1.725e+005 79615 

TABLE 168 
Clamp steel > Tensile Yield Strength 

Tensile Yield Strength MPa 
355 

TABLE 169 
Clamp steel > Tensile Ultimate Strength 

Tensile Ultimate Strength MPa 
510 

A320 

TABLE 170 
A320 > Constants 

Density 7.85e-006 kg mm^-3 

TABLE 171 
A320 > Isotropic Elasticity 

Temperature C Young's Modulus MPa Poisson's Ratio  Bulk Modulus MPa Shear Modulus MPa 

 
2.07e+005 0.3 1.725e+005 79615 

TABLE 172 
A320 > Tensile Yield Strength 

Tensile Yield Strength MPa 
730 

TABLE 173 
A320 > Tensile Ultimate Strength 

Tensile Ultimate Strength MPa 
860 

 

 


