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Appendix 1. DNV-RP-F111 Advanced Approach 
To reduce the conservatism of the simplified approach as described in section 2.3, an advanced 
model is proposed in DNV-RP-F111 Appendix A, ref. /1/. The main aspects of the advanced ap-
proach are described in this appendix.  
 
This approach utilizes nonlinear static and dynamic FE-analysis to estimate the dent depth from 
trawl gear impact taking the following effects into account: 
 

- Local deformation of the pipe steel wall 
- Local deformation of the coating 
- Local deformation of other parts (e.g. protection structure for direct electrical heating 

DEH cables) 
- Global deformation of the pipeline 
- Pipe inertia effects inclusive hydrodynamic added mass 
- Deformation of trawl gear 
- Friction between pipeline and soil 
- Soil deflection 

 
The advanced approach covers the types of pipelines not covered by the simplified approach, e.g.: 
 

- Flexible pipes 
- Pipelines with other coatings 
- Several types of electrical cable protection structures 
- Other types not covered by the simplified approach 

 

Model Assembly 
The principles of the dynamic analysis model for trawl board impact on a pipeline are illustrated 
in Figure 1. 
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Figure 1: Analysis model for trawl board impact on a pipeline, ref. /1/. 

Components of the analysis model are: 
 
ma  hydrodynamic added mass 
mt  steel mass of trawl gear 
kb  out of plane bending board stiffness 
ki  in plane stiffness of trawl board 
kc1  stiffness of protective cover for DEH cable 
kc2  stiffness of coating 
kc3 stiffness due to shear deformations of the coating distributing the impact force 

over a larger area 
ks  shell stiffness of the steel pipe 
mp  effective mass of the pipe including the hydrodynamic added mass 
kpb  effective bending stiffness of the pipeline 
kps  effective soil stiffness 
 
The effective velocity and masses applied in the analysis can be obtained from advanced analysis 
of the trawl gear impact phase, but conservatively the values given in section 2.3 may be applied. 
For clump weights, the hydrodynamic added mass ma and the steel mass mt are both added to the 
in plane stiffness ki. 
 
In general, the interaction phase between trawl gear and pipeline is time dependent and varies 
with the type of gear involved and tow direction relative to the pipeline, but since the scope of 
this project is to investigate the expected indentation of the pipeline, no further studies are done 
in this area. 
 
The shape of the trawl gear interacting with the pipeline influences the contact area, which have 
a significant influence on the relation between impact force and expected dent. Different shapes 
of the element representing the trawl gear are discussed in section 2.1. 
 
A typical analysis procedure is outlined in Figure 2.  



3 
 

 

 
Figure 2: Typical impact analysis procedure for the advanced approach, ref. /1/. 
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Appendix 2. Impact Analysis with Incompatible Elements 
As described in the report an impact analysis is carried out with the solid section meshed with 
the incompatible element C3D8I. The analysis involves a 16” bare steel pipe with D/t=25 as used 
during the pre-study in section 7.3. The result of the analysis is a failed convergence error at ap-
proximately 0.025 second after first impact. Figure 3 illustrates the deformed geometry at the 
impact area taken from the last frame before failure. Studying the status file from the analysis the 
error is linked to node 36905 as pointed out in Figure 3. The error spells “Excessive distortion of 
element number 36905”.  
 

 
Figure 3: The deformed geometry from the last frame before failure plotted with deformations. Node no. 36905 is pointed 

out right at the intersection between the two symmetry planes. 

Studying the Abaqus documentation it is stated to use the incompatible elements with caution in 
applications involving large compressive strains, ref. /13/. Studying Figure 3 it is obvious that 
element 36905 has deformed excessively. To quantify the actual straining of the element the 
maximum absolute principal strains are plotted in Figure 4, and with a maximum magnitude of 
72.66 it is clear that excessive straining or distortion is present. 
 
From this study it is concluded that the incompatible element is unsuitable for these impact simu-
lations with large straining. 
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Figure 4: Maximum absolute principal strains. 
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Appendix 3. Contact Force-Displacement curves 
All contact force-displacement curves are given in this section. 
 

12” Bare Pipes 

 
 

12” Clad Pipes 
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12” Lined Pipes 

 
 

16” Bare Pipes 
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16” Clad Pipes 

 
 

16” Lined Pipes 
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24” Bare Pipes 

 
 

24” Clad Pipes 
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24” Lined Pipes 
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Attachment 1. Project Description 

 


