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1)  Through an internal merger in the SINTEF Group, MARINTEK is now part of the new unit SINTEF Ocean. This is a merger of MARINTEK,  

SINTEF Fisheries and Aquaculture and the department for Environmental Technology at SINTEF Materials and Chemistry. 
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Invita on to a Joint Industry Project on DROPS — 

Dynamic Response of Offshore Pipelines on the Seabed  

Subsea pipelines are designed to transport high temperature and o en hot toxic hydrocarbons, while 

interac ng with the seafloor and environmental ac ons. Precise and reliable modelling of this interac-

on is of key importance in order to obtain a robust yet cost effec ve design. The overall objec ve of 

the DROPS JIP is thus to  improve how we predict and implement pipe-soil interac on and pipe-

external wave and current ac ons in design. This shall be performed by establishing an improved set 

of numerical models through research and shall involve: 

 Hydrodynamic load models taking due account of recent developments in the field, including 

waves, current and local seabed topography, also applicable in shallow water 

 A new genera on of numerical models for pipe-soil interac on 

Be er predic on of pipe-soil interac on is important for obtaining be er confidence in how the pipe-

line interacts with the seabed during opera on and installa on. A more reliable hydrodynamic model 

is especially advantageous for shallow water and opens up for less conserva ve designs whilst s ll 

conforming with the defined limit states. 

The developed models will be implemented and made available to the industry through the tailor-

made pipeline analysis so ware SIMLA. This will provide a full featured engineering tool for assess-

ment of the on-bo om stability considering 3D seabed topography with improved pipe-soil interac on 

models and op mized hydrodynamic load predic on methods for offshore pipelines, umbilicals and 

cables. 

BACKGROUND AND OBJECTIVE 

Hydrodynamic loads and interac on with soil are important ele-

ments for determining the response of a pipeline res ng on the 

seabed. The soil resistance determines whether the pipeline 

systems ability to anchor axial forces, how the pipeline develops 

global buckles, and whether the system is vulnerable to environ-

mental and third party loads. The environmental loads in combi-

na on with soil resistance, in turn, play a role in determining the 

lateral stability of the pipeline. 

Iden fying and preven ng lateral instability as a failure mode is 

typically important for shallow seas or near coastal areas /

landfalls.  Analysis of such behaviour may either be performed by 

CFD or by simpler and more efficient solvers such as the SINTEF 

Ocean developed  me-domain based FE so ware PONDUS.  The 

so ware solves the response of the pipe for a straight pipeline in 

2D on the horizontal plane using small deflec on theory.  

The PONDUS so ware bases itself on linear wave theory and an 

advanced soil formula on; all documented through journals since 

the mid 80s. The value of having a fast and reliable numerical 

tool for performing on-bo om stability analyses is impera ve. 

However, there is poten al for improving the system yet more. 

The objec ve is therefore to export the quali es of PONDUS to 

the overall capability of SIMLA such that the stability response 

can take advantage of uneven terrain and free spanning, as well 

as being performed on one single pla orm. 

As part of developing the on-bo om stability performance for 

SIMLA, we see poten al for improving models for predic ng the 

pipe-soil interac on. This is not only important for lateral stability 

when subjected to sea loads. It applies to all aspects of pipeline 

response engineering. For instance, soil resistance takes part in 

determining when pipelines buckle, the curvature of the buckle, 

the axial feed in, and how the pipeline resists third party ac ons, 

e.g. from trawling. O en the soil resistance is given in terms of  



 

 

 

mul linear resistance-displacement curves that are uncoupled in 

the principal direc ons. The resistance curves are o en bound 

with a large variability between lower and upper bound that shall 

cover the uncertain es regarding the present modelling scheme. 

The variability between upper and lower bound is o en signifi-

cant and leaves room for improvement. A consequence of such 

improvement can be be er predic on of buckle loca ons, short-

er curve radius during installa on and more accurate on-bo om 

stability response. This may in turn have an effect on installa on 

costs and increases the confidence for predicted response during 

planning. 

Mo vated by a more precise and robust predic on on on-bo om 

response , SINTEF Ocean, plans to improve soil methods for how  

soil can be in SIMLA. As part of this,  SINTEF Ocean also plans to 

qualify Coupled Eulerian-Lagrangian (CEL) methods to provide 

methods for modelling  more advanced geotechnical problems 

that can may not be sufficiently solved using the spring formula-

on in SIMLA. This includes problems involving severe soil defor-

ma ons, such as ice-scour in arc c applica ons, riser TDZ, flow-

line lateral buckling and on-bo om stability, and other geotech-

nical applica ons. The CEL / ALE applica ons will not be imple-

mented into SIMLA but will be qualified through other general 

purpose FE so ware such as ABAQUS or LS-DYNA. 

WORK DESCRIPTION 

In 2001 SINTEF Ocean started the development of SIMLA — a 
special purpose computer tool for engineering analysis of off-
shore pipelines during design, installa on and opera on. The 
ini al objec ve of the SIMLA development was to simulate the 
structural response of a pipeline during laying, and to inspect the 
result of such analysis by 3D graphical visualiza on of the laid 
pipe on the 3D seabed, including pipe details with analysis re-
sults.  

A full featured engineering tool for predic on of the on-bo om 
stability considering 3D seabed topography can be built upon the 
framework of SIMLA by integra ng the following func onali es:  

 The soil-pipe interac on in three direc ons is already 
modelled by three uncoupled spring elements in the 
current version of SIMLA. This approach has been proved 
very efficient and robust in analysis of the global pipeline 
response. This approach can be extended to a more gen-
eralized 3D pipe-soil interac on model taking into ac-
count the coupling effect and the forma on of berms 
could be implemented in SIMLA to improve the capability 
and reliability of the pipeline response analysis. 

 A proper hydrodynamic load model for predic on of the 
hydrodynamic loads acted on the pipelines and cables. 
The basic model will be an enhanced PONDUS model due 
to its maturity and robustness compared to other recent 
developed models by considering benefits from DNV GL's 

"unified approach" which will be the outcome of the on-
going pipeline stability JIP PILS.  

VALUES AND BENEFITS 

 Full 3D nonlinear me domain on-bo om stability analy-
sis 

 More accurate es ma on of pipe/seabed penetra on 
during installa on 

 More accurate es ma on of pipe/soil interac on effects, 
including self-burying and break-out resistance, in up-
heaval buckling and snaking analysis 

 More accurate es ma on of pipeline walking related to 
opera on start-up and shutdown  

WORK PACKAGES 

WP1: Pipe-soil interac on models 

 Review of exis ng models and available test data 

 Iden fy gaps 

 Qualify CEL methods 

 Development and implementa on of new global models 
for pipe-soil interac on 

 Verifica on 

WP2: Hydrodynamic load models  

 Review of exis ng models and available test data 

 State-of-the-art literature review; Iden fy gaps 

 Development and implementa on of new hydrodynamic 
load models 

 Verifica on against previous and literature results  

DELIVERABLES 

The main deliverable will be a new SIMLA version with full capa-
bility of on-bo om stability analysis, together with technical re-
ports and case studies. 

One free SIMLA server license will be offered to all sponsors dur-

ing the project (training and support to be paid separately). All 

sponsors not having SIMLA at project kick-off will be offered li-

censes to further use of SIMLA a er the project period by only 

paying the maintenance fee for the requested licenses. 

SCHEDULE AND PARTICIPATION FEE 

Dura on: Q3/2017 - Q3/2019 (2 years) 

Par cipants: Energy companies, Contractors, Suppliers and  

  Engineering companies 

Sponsor fees: 1 000 kNOK per par cipant for Energy compa- 

  nies, 500 kNOK for Contractors/Suppliers and 

  300 kNOK for Engineering companies 

CONTACT US FOR MORE INFORMATION: 
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