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J-tube Pull-In of Rigid Risers 

This work covers an advanced finite 

element analysis (FEA) approach of 

investigating riser pull-in through an 

existing J-tube up to an offshore platform. 

A riser is a vertically oriented piping used 

to deliver fluid, gas or other relevant 

packages upward. The challenges of this  

process consists of several bending 

segments along the J-tube, multiple 

contact issues in conjunction with pull-in 

of the riser, the modeling of the large 

geometry of the arrangement as well as 

the complex friction mechanics. 

The main focus of this project is on 

incorporating above mentioned details in 

the software programs ANSYS and 

SIMLA. The numerical model includes a rigid riser, J-tube with fixed supports, seabed, pull-in 

wire and vessel back-tension; in order to compare the suitability for pull-in analyses of the two 

programs.  

This work includes evaluation of important design criteria such as maximum pull-in force, plastic 

strain and stresses along the riser, analytical calculations as well as comparing the outcome 

between all of the obtained results. The results can be used to verify the capability of the pull-in 

winch for a platform. 
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1 ABBREVIATIONS AND NOMENCLATURE 

 

Abbreviations 

BC Boundary Conditions 

CoF Coefficient of Friction 

CPU Central Processing Unit 

DNV Det Norske Veritas 

FEA Finite Element Analysis 

FEM Finite Element Method 

FPSO Floating Production, Storage and Offloading 

OD Outer Diameter 

ID Inner Diameter 

IDPIP Inner Diameter of pipe-in-pipe configuration 

MEG Mono-Ethylene Glycol 

PIP Pipe-in-Pipe 

RAM Random Access Memory 

RMS Root Mean Square 

ROV Remotely Operated Vehicle 

SMYS Specified Minimum Yield Stress 

UTS Ultimate Tensile Strength 

WT Wall thickness 

WTPIP Wall thickness of pipe-in-pipe configuration 

 

Nomenclature 

D J-tube ID 

E Young’s modulus 

h Height of the pulled riser measured from horizontal 

d Riser OD 

I Moment of inertia 

L1 

 

Horizontal length of J-tube 

l1 Distance between touch points inside bended section of J-tube 

l2 Distance between touch points just outside bended section of J-tube 



 

J-Tube Pull-in of Rigid Risers 

 

Rev 

 
Page 

7(91) 

Date 

2015-01-20 
Sign 

 

 

 

l3 Distance between touch points when riser reversely touches the J-tube 

M Total bending moment 

Pn 

 

The pull-in force with index 1 to 6 for each pull-in step 

R J-tube’s bending radius 

Rp 

 

Plastic bending radius 

Tb 

 

Back-tension 

T1 Tension on lower section of pulling wire or riser in bended section 

T2 Tension on upper section of pulling wire or riser in bended section 

T3 Tension on lower section of pulling wire when pipe and wire in bended section 

t Time to simulate to 

dt Time increment to be used to reach the required time. 

dtvi Time increment between each restart/visual storage to the .raf file 

dtdy Time increment between each storage to the .log file 

dt0 

 

Time increment between each zero setting of the accum. conv. control vectors 

W Riser submerged weight/length 

Wr 

 

Submerged weight of riser in vertical segment of J-tube 

Α Ramberg-Osgood coefficient 

α1 Angle of inclination of the J-tube horizontal part from vertical axis 

α2 Angle of inclination of the J-tube vertical part from vertical axis 

β 

 

Ramberg-Osgood exponent coefficient 

ε Strain 

ε0 Yielding Strain 

γ1 Angle between upper touch point of pulling wire and horizontal axis 

γ2 Angle between lower touch point of pulling wire and horizontal axis 

µ Coefficient of friction between Riser and J-tube 

ρ Material density 

θ0 Angle between pull-head and pulling wire’s touch point 

σ Stress 

σ0 Yielding Stress 

τ Angle between pull-head and riser touch point 
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2 SUMMARY AND CONCLUSION 

In this paper a theoretical investigation of available software at REINERTSEN was performed 

in order to choose the optimal software for J-tube pull-in analysis. Four commercial FE 

programs were studied in detail in sense of their capabilities and a screening for this is 

presented in this thesis. The understanding of pull-in mechanics was studied and an analytical 

calculation for pull-in force was performed. 

The outcome was compared with results from an in-house report of a J-tube pull-in, which 

was simulated in ABAQUS software program. 3D models were created in ANSYS and 

SIMLA as well as analytical method for which result deviations are below 10 %.  

A simulation with beam elements and a simulation with combination of solid and beam 

elements were also performed in ANSYS Workbench, the outcome for which is discussed 

thoroughly in Ch. 9.3 and Appendix B and D.  

The maximum pull-in force was computed in three different ways. The SIMLA model 

resulted in -4.5 % deviation compared to ABAQUS whereas the ANSYS model had -1.6 %. 

Analytical calculations resulted in +5.1 % deviation, which is a conservative solution method. 

The results acquired in SIMLA had a CPU time of 2.3 hours and the same for ANSYS was 66 

hours. To secure compatibility of these programs for pull-in simulations, further investigation 

should be considered. 

The main difference between the analytical and the software solutions is that FEA tools 

provide a more complete picture of structural mechanics and has features to perform a full 

check of construction’s integrity. This implies extracting stresses, strains and deformations 

from numerical software products. Analytical method is suitable for checking plausibility of 

evaluated pull-in forces in comparison to other methods. 
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3 INTRODUCTION 

3.1 General 

The exploitation of petroleum by mankind goes back more than 4000 years. But the 

importance of this commodity for technology, politics and economy has become clearer 

merely in the beginning of the 20
th

 century. The industrial revolution was an important factor 

in promoting petroleum as an almost irreplaceable source of energy. 

The increasing demand for cheap energy source has been pushing Oil & Gas industry to 

harvest hydrocarbons offshore, not far from the near coast. Compared to onshore, the 

exploration of offshore territories is more challenging in sense of technology and limitations. 

Pipelines are used as a connection between offshore petroleum facilities. It may be 

economical to connect subsea structures with platforms or FPSOs. One of several ways of 

doing that is by incorporating a so called J-tube to the platform and perform a pull-in of rigid 

or flexible riser. A riser is a vertically oriented pipe for delivering fluids to the top side for 

further processing. 

A J-tube’s structural capacity has to be designed before building a platform, because it cannot 

be changed afterwards. This implies defining the geometry and maximum loadings. A pull-in 

of a riser through a J-tube is suitable for installation of small dimension pipes, cables and 

umbilicals (a supplier of energy, control, chemicals and other required consumables to a 

subsea structure). 

The overall fabrication and installation costs of a J-tube are relatively low and the setup risks 

are minimal. The J-tube is secured mechanically and has great flexibility in design. The pull-

in method is time efficient and allows for connection of pipelines/umbilicals at any moment 

during its operational life. 

The process of pull-in can be studied both analytically and numerically. There are many FEA 

tools available but the focus is on investigating capabilities of those available at 

REINERTSEN. The main idea of the analytical approach is to determine the tension in the 

pull-in wire at the different steps of the procedure and calculating maximum pull-in force. 

This work covers the background check, physics and numerical analyses of this method as 

well as post processing of obtained results in two different FEM software programs and 

comparing with the analytical result. The outcome of this thesis is to be a guideline for further 

work in J-tube pull-in of rigid risers. 

 

3.2 Division of Work 

This thesis was conducted in collaboration by Gregor Gregorsson and Orkhan Huseynov. 

ANSYS analysis was under Gregor’s responsibility, whereas SIMLA modeling was 

performed by Orkhan. The remainder was a joint work effort. 

 



 

J-Tube Pull-in of Rigid Risers 

 

Rev 

 
Page 

10(91) 

Date 

2015-01-20 
Sign 

 

 

 

3.3 Aim of the Project 

The aim of the project was to evaluate the suitability of, and compare, two FE programs 

regarding J-tube pull-in analyses. As a starting point, a theoretical model was set up, where 

the basis covered the J-tube pull-in of rigid riser and its components. Proceeding with 

theoretical estimations, the relevant contact mechanisms and bending behavior of riser/J-tube 

were considered and analyzed. Finally, a numerical validation using FEM software was 

performed in order to verify structural integrity and capacity of the J-tube installation method. 

A single pipeline riser and a PIP riser formed basis of the analyses. The research included:  

 Establishing the concept of J-tube pull-in method, it’s application/implementation and 

design basis 

 Required design factors and criteria for the arrangement 

 Defining a theoretical model of the pull-in process and calculation methodology 

 Screening of suitable software programs and defining their pros and cons  

 Computational simulations with FE codes 

There are many calculation programs available for carrying out the simulation, but the scope 

of this project included FE software offered at REINERTSEN Sverige AB, which are LS-

DYNA, ANSYS, SIMLA and RIFLEX. 

These FE analyzers have their own specific merits and features. The main task of this thesis 

was to assess the differences between the software and their performance for J-tube pull-in. 

The obtained results are meant to form a guideline for further studies. 

The design data provided by REINERTSEN, Ref. /1/, has its origin from an in-house report, 

with simulations using the software ABAQUS. The platform is a Condeep-platform (concrete 

deep water structure) with a concrete foot installed in 250 meter water depth. The platform 

comprises multiple risers pulled in through existing J-tubes in the concrete gravity base. This 

data from the in-house report was used for comparison of results.  

 

3.4 Design Criteria and Modeling Limitations 

Before proceeding with the numerical analyses of the work, the main construction criteria 

were considered. The mathematical and computer design of the procedure is very complex. 

The biggest issue is the multiple contact loadings that occur in the bent section of the J-tube. 

In order to determine the pull-in force for the system, several factors have to be accounted for. 

Friction forces created in conjunction with surface contact are the largest contributors to the 

maximum winch load. Consequently, the friction coefficients between pull-head and J-tube, 

pull-in wire and J-tube as well as riser and J-tube have to be identified. Moreover, the 

geometrical parameters of J-tube, riser and pull-head have to be defined. Additionally, vessel 

back-tension, coating properties, stress-strain relation for the riser material as well as its 

submerged weight has to be considered.  

While creating the FE model, it is important to understand possible inaccuracies of the 

outcome. Complexity of interaction between the J-tube and the pull-head, the riser’s yielding 

behavior, topography of the seabed due to riser contact, combined lateral and axial loadings 

are some of the numerous limitations. Furthermore, there are geometrical parameters that can 
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lead to numerical errors. Some of these are induced by imperfections of the riser’s cross 

sectional dimensions and coating thickness, due to e.g. manufacturing tolerances. Another 

restriction of the analyses may come from effects of material treatment on the riser, 

deformation of J-tube and its anchor supports, complexity of the riser’s motion through the J-

tube and the coating shrinkage. 

This work neither took into account external loadings (wave energy, temperature differences, 

topology texture, and water pressure) nor internal contributors (different content in the riser 

during pull-in such as air, water or MEG). 

 

3.5 Pipeline Installation Methods 

At the very beginning of the offshore industry, pipeline segments (joints) were joined at the 

shore and hauled to the project area offshore by a tow vessel. Today’s technique allows most 

of the installation to be done by the pipe-laying vessels, which can weld the joints together 

onboard the vessel and increase the pipe-laying speed. The pipeline is lowered to the seabed 

over a stinger and tensioners while the barge is moving forward. Stinger is a structure that 

hangs on the rear section of the vessel and prevents the excessive bending by regulating the 

bending radius of the sections released into the water. This technique also makes it possible to 

install longer lines.  

There are several different laying methods depending on the pipeline properties, water depth 

and seabed profile.  

S-lay is a method of installation by welding pipe joints together onboard the vessel while 

moving the vessel forward, see Figure 3.5-1. Several welding stations connecting single, 

double or triple joints at the same time can be used. The pipeline is controlled by a stinger. 

Usually, S-lay method is more convenient for the shallow or intermediate depths and using it 

in deeper waters would require a longer stinger with higher tensions on the pipeline, 

increasing deformation risk, Ref. /2/. 

 

 

Figure 3.5-1 Pipeline installation method of S-lay type 
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J-lay installation method is suitable for deep waters because of pipelines leaving the vessel 

nearly at perpendicular position to the waterline, thus avoiding the unnecessary tension. Due 

to this fact, there is no need for a stinger, as the pipelines bend at the sea bottom only during 

installation. J-lay is also performed by welding pipe joints together on vessel but has a lower 

production rate than S-lay, due to only one welding station, Figure 3.5-2.  J-lay is beneficial 

for setting up fatigue sensitive constructions, such as rigid risers, Ref. /2/. 

 

 

Figure 3.5-2 Pipeline installation method of J-lay type 

 

Reel-lay is another installation method that has its biggest advantage in productivity and 

laying rate, Figure 3.5-3. In this case, the pipes are welded together, coated if necessary, tested 

onshore and spooled on to the lay vessel in a continuous length. In field, the vessel straightens 

and unwinds the pipeline while lowering it to the seabed. The method is considered time 

efficient. With the size of the reel being fixed, there are limitations on dimensions for suitable 

pipelines. For example, the installation is not convenient for concrete coated pipes, Ref. /2/. 
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Figure 3.5-3 Reel-lay vessel 

 

There are also vessels that feature systems for several laying methods, so called Multi-lay, 

Figure 3.5-4. 

 

 

Figure 3.5-4 Schematics of multi-lay installation method involving both J- and S-lay 
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4 J-TUBE WITH RIGID RISER 

4.1 General 

The name J-tube comes from the shape of the capital letter “J”. It is attached to the platform in 

order to pull a rigid/flexible riser or umbilical through it. This type of arrangement is 

convenient and usual for offshore installation of small diameter pipelines, flexible cables and 

umbilicals. The rigid risers connect the subsea pipelines (from the well) with the topside 

facilities and are not stiff enough to be self-supporting. The J-tube is installed in order to 

support the riser and facilitate the pull-in. A J-tube has four segments: vertical tube, bend, 

horizontal tube and bell-mouth. 

 

4.2 Design Basis 

The following applies for the assembly considered in this thesis work. The bell-mouth center 

is located 2.7 m above the seabed. The horizontal straight section, denoted “a” in Figure 4.2-1, 

is 22.13 m with an inclination of 2.5
o
 relative to the seabed. The bending part, “b”, has a 

constant radius of 20 m with a curvature of 85.8
o
 and it is embedded in the platform concrete 

structure. Finally the vertical part, “c”, is 247 m. Along the vertical J-tube part 10 anchor 

supports are installed inside the shaft. General layout of constituent parts are illustrated in 

Figure 4.2-1 and summarized in Table 4.2-1. 

 

 

Figure 4.2-1 Illustration of the J-tube location and its dimensions 
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Characteristics J-tube 

Material API 5L X60 

Young’s Modulus 210 GPa 

ρ 7850 kg/m
3
 

SMYS 413 MPa 

UTS 518 MPa 

Bell-mouth height above seabed 2.7 m 

Bell-mouth angle from horizontal 2.5°
 

Horizontal length of J-tube (a) 22.13 m 

Nominal bend radius/angle (b) 20 m / 85.8°
 

Vertical length of J-tube (c) 246 m 

Nominal OD/ID/WT 660/631.4/14.3 mm 

CoF – riser/J-tube & wire/J-tube 0.3 

Table 4.2-1 Design data for J-tube 26’’-JN-102 

 

Environmental data have to be considered in order to maximize accuracy of the results. These 

include water temperature of 4 °C and density of 1025 kg/m
3
 as well as the installation depth 

of 250 m.  
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4.3 Pull-in Process 

The J-tube is installed in conjunction with the construction of the platform. The riser is to be 

pulled by a winch through the J-tube. In order to choose an appropriate winch in sense of pull-

in capacity, the required pull-in force has to be calculated. The top front segment of the riser 

has a pull-head, the part to which the winch wire attaches during pull-in operation. The 

illustration of that process can be seen in Figure 4.3-1. 

 

 

Figure 4.3-1 Schematics of a J-tube pull-in installation procedure (1 – fluid, 2 – anchor, 3 – hang-off) 

 

After inspection and security checking of the J-tube, the recovery wire is linked to the pull 

wire. The lay vessel approaches and receives the pull wire with the help of a support vessel. 

Subsequently, after attaching the pull-in wire to the pull-head on the vessel, the winch is 

activated and the pull-in initiated. The riser and the connecting pipeline is pulled from the 

pipe-laying vessel, which keeps welding on pipe joints as the platform winch is pulling the 

riser through the J-tube. When the pull-in is completed, pipe-laying continues with the barge 

moving away from the platform. This, together with riser’s curvature, will cause a back-

tension.  

 

4.3.1 Bell-mouth Sealing 

In order to begin the pull-in, a bell-mouth plug is removed from the J-tube’s subsea end, 

which is done by a ROV. The function of this plug is to seal the J-tubes subsea opening and 

allow the circulation of MEG inside of the conduit. MEG is a clarifying fluid that works as an 

antifreeze and anticorrosion agent. The plug placed near the bell-mouth, has the ability to 

screen off the normal differential pressure caused by internal water, waves, nitrogen 

overpressure and also tide. These seals are not always present in such installation. A principle 

of a seal plug inside the bell-mouth is illustrated in Figure 4.3-2. 
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Figure 4.3-2 Plugged in bell-mouth sealing (property of Ennsub) 

 

4.3.2 Hang-off 

When the pull-in operation is complete, the pull-head is positioned a couple of meters over the 

top exit of the J-tube. This hang-off is maintained by the winch in order to perform a secure 

attachment of the top of the riser, Figure 4.3-3. Afterwards, the rigid riser is fixed to the 

topside of the J-tube. 

 

 

Figure 4.3-3 Hang-off installation on the top of riser (property of Ennsub) 

 

4.4 Rigid Riser 

4.4.1 Monobore (Single) Pipe 

There are different types of risers used offshore: rigid risers, flexible risers and, a combination 

of both, i.e. hybrid risers. Hybrid riser has a rigid vertical part and is flexible at the part near 

the seabed, allowing dynamic motion. The classification of risers is done according to 

material type and its application, Ref. /2/. 

4.4.2 Pipe-in-Pipe (PIP) 

Pipe-in-pipe systems are widely utilized in the offshore industry. The structure comprises of 

two pipes. The smaller one, production pipe, is positioned inside the larger pipe, usually 

named carrier pipe. Between the inner pipe and carrier pipe is an insulation layer, commonly 
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made of fiberglass, polyurethane foam or nanopourus material. Electrical cables, for heating 

the inner pipe, may also be included within the insulation layers. To ensure required 

separation between the pipes, centralizers are installed. These isolate the insulation from being 

affected from environmental impacts. PIP joints are welded together with a bulkhead attached 

at each pipe end in order to connect the production with the carrier pipe. A PIP principal 

layout is shown in Figure 4.4-1. 

 

 

Figure 4.4-1 Pipe-in-pipe structure 

 

A common challenge is deficiency of the sufficient temperature of hydrocarbons when 

transporting them through the pipeline. A key advantage of the PIP system is the ability of 

maintaining appropriate product temperature, which prevents formation of hydrates, 

asphaltene and wax. These obstacles can disturb the transporting of fluid and possibly lead to 

a complete shutdown. The insulation of the inner pipe from the ambient temperature protects 

it from these problems. The outer pipe is intended to withstand both the hydrostatic pressure 

and eventual environmental impacts caused from installation equipment. Another mechanical 

property that makes PIP systems more attractive over a single pipe is high resistance rate 

against global buckling. This is possible due to higher stiffness and weight parameters. One of 

the special features of this system includes the option of integrating other objects in the gap 

between pipes like electrical fibers or heating cables.  

 

4.4.3 Riser Design Basis and Material Model 

The riser is initially located on a seabed and connected to a wire through a pull-head. 

Dimensional data for the risers used in this study is summarized in Table 4.4-1. For single 

pipe, 12’’ characteristics are used, whereas PIP is comprised of both 6’’ and 12’’ pipes, Ref. 

/1/. 
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Characteristics Riser 12’’ Riser 6’’ 

Material API 5L X65 API 5L X65 

E 210 GPa 210 GPa 

ρ 7850 kg/m
3 

7850 kg/m
3
 

SMYS 518 MPa 518 MPa 

UTS 610 MPa 610 MPa 

Nominal OD/ID/WT 323.8/295.2/14.3 mm 168.3/139.7/14.3 mm 

W 24.1 kg/m 64.9 kg/m 

CoF – riser/seabed 0.5 -- 

Table 4.4-1 Design data for 12” & 6’’ pipes 

 

Bilinear isotropic hardening was assumed due to abcense of material data. The yielding strain 

was derived using Hook’s law and following plastic part was determined using 

REINERTSEN’s common praxis by dividing Young’s modulus with a factor of 100. Figure 

4.4-2 is based according Table 4.4-1 

 

 

Figure 4.4-2 Stress-strain material curve of the riser 



 

J-Tube Pull-in of Rigid Risers 

 

Rev 

 
Page 

20(91) 

Date 

2015-01-20 
Sign 

 

 

 

4.4.4 Pipe-In-Pipe Configuration 

Due to high complexity of modelling a pipeline inside another pipeline it was concluded to 

use another approach where one pipe is being modelled but with higher thickness and the 

same withstanding properties as the two pipelines combined. The principle is to modify the 

thickness according to the total moment of inertia. The moment of inertia for hollow pipes in 

longitudinal direction is given in Eq. 4.4-1. 
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Then numerical values for the moment of inertia for the outer (12”) and inner (6”) pipes can 

be calculated as Iout = 1.668 · 10
-4

 m
4
 and Iin = 0.207 · 10

-4
 m

4
 respectively. Hence the total 

moment of inertia is Itot = 1.875 · 10
-4

 m
4
. Finally, an approximate wall thickness of the new 

configuration can be calculated as in Eq. 4.4-2. 
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    (Eq.  4.4-2) 

 

4.5 Design Standards 

A design standard specifies requirements and provides recommendations when designing, 

installing, fabricating and constructing any kind of pipeline structure in the offshore/onshore 

sectors. Design standards play an important role for giving exact directions and limitations for 

construction work. There are many different design regulations existing for the oil & gas 

industry. In order to choose the most suitable design standard the geographical position has to 

be considered, i.e. the job execution area, legislations of the region as well as field provider, 

Ref. /3/. The most commonly employed standardization codes are shortly presented below: 

 DNV OS-101 – the most well-known standard in the world, mainly abundant in 

Norwegian companies. This standard includes various types of safety class methods 

and design factors for all kinds of aspects in pipeline design. 

 PD 8010 PART 1/2 – basically only used in UK on the North Sea, where part 1 is 

applicable in onshore pipeline design and part 2 in offshore. 

 API RP 1111 – mostly used in America and West Africa, the code is conducted on 

strain-based design and assessment. 

 ISO 13623 – the world’s biggest developer of voluntary International Standards with 

focus on liquid and gas flow-line transportation systems. 

DNV OS- F101 is a reference for inspecting the integrity of risers and J-tubes, namely local 

buckling and tolerances associated with the material. This part is not considered in this work. 

(Eq.  4.4-1) 



 

J-Tube Pull-in of Rigid Risers 

 

Rev 

 
Page 

21(91) 

Date 

2015-01-20 
Sign 

 

 

 

5 ANALYTICAL CALCULCULATION OF PULL-IN FORCE 

5.1 General 

This Section briefly describes the theoretical explanations of the pull-in mechanics and 

suggests a solution to the problem. For more details about the mechanical process see Ref. /4/. 

The mechanical analysis of pull-in procedure can be divided in several parts, Figure 5.1-1. 

Each part requires examination of Newtonian forces. Before proceeding with further analysis, 

a smooth contact between the riser and the J-tube’s interior was assumed. The only additional 

aspect contributing to pull-in force after step 6 is the gravitation in relation to the riser’s own 

weight passing through the horizontal part of the J-tube. 

 

 

Figure 5.1-1 The main six steps of riser pull-in 

 

5.2 Step 1 

When entering the bell-mouth of the J-tube, the pull-head is subjected to a force with a 

magnitude that has to be slightly greater than the back-tension of the pipeline. Back-tension 

occurs on the downside of the pipeline which faces the seabed. It happens due to the lay 

vessel’s movement in the opposite direction throughout pipe-laying as well as the friction 

between the seabed and the pipe. The force on the pull-head is caused by the winch, which 

creates wire tension. Figure 5.2-1 illustrates the general idea for calculation of the wire 

tension in different steps of the pull-in. 
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Figure 5.2-1 Tensions created in the wire during pull-in and angles of inclinations 

 

At the first step, the tension in the lower part of the wire 1T  is equal to the back-tension and 

the pull-in force 2T  is a non-linear function of it. The obtained equation is: 

 

                                                       
 12

12

 
 eTT            (Eq. 5.2-1) 

 

This form is often referred to as the Capstan equation. Hence pull-in force for step 1: 21 TP  . 

The friction force 
wire

fric
F  in the curved part is defined as the difference between pull-in force 

and back-tension of the pipeline.  

 

5.3 Step 2 

Before reaching the bent section of the J-tube in the second part, the friction is induced due to 

the contact between the riser and the inner wall. The summation of all force vectors result in:  

 

                                                 0
nfric

 W + P + N + F


    (Eq. 5.3-1) 

 

Where Ffric is the friction force caused by riser and N is the normal force. Eq. 5.3-1 comes 

from a free body diagram analysis of an incremental part of the pipe at equilibrium state, 

Figure 5.3-1. 
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Figure 5.3-1 Force equilibrium for calculation of pull-in load  

 

Finally, the tension at the top part, 2T , of the pull-in wire is determined in the same manner as 

previously with the only difference coming from addition of contributions from the back-

tension, the weight of the riser and friction force caused by the same. The pull-in force at step 

2 is given in Eq. 5.3-2. 
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 eLWLWTP        (Eq. 5.3-2) 

 

5.4 Step 3  

In the third step, while entering the curved segment of the J-tube, the riser is experiencing 

bending. The physics of the elastoplastic bending can be derived from the knowledge of the 

geometrical characteristics of the formation; J-tube ID, riser OD and the bend radius of the J-

tube. The pull-in force at step 3 is given in Eq. 5.3-3. 
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The bending of the riser is followed by a number of different loads. To get a better 

understanding of the origins of these forces, it is possible to determine the coordinates for the 

riser’s contact points against the J-tube’s inner wall. According to Ref. /4/, the distance 

between contact points is the same during the entire pull-in procedure, which eases the 

formulation of equations for bending, see the left side of Figure 5.4-1.  
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Figure 5.4-1 Schematics of the contact loadings at particular points 

 

5.5 Step 4 

The knowledge about bending properties of the rigid riser allows establishing contact points. 

The analytical calculations of the pull-in force in following steps has the similar approach as 

the previous ones and include more complex derivations, which are beyond the scope of this 

project. The pull-in force for step 4 is given in Eq. 5.3-4. 
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                       (Eq. 5.5-1) 

 

5.6 Step 5 

While undergoing bending, the magnitude of the required pull-in force increases due to the 

stiffness resistance of the riser. At some point, the prevailing residual curvature of the riser 

causes the pull-head to lose contact with the J-tube inner wall. Hence, no friction force is 

accounted for. The pull-in force for step 5 is given in Eq. 5.3-5. 
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5.7 Step 6 

After exceeding the curved segment of the J-tube, elastic restoring of the riser tries to push it 

back in, requiring an increased pull-in force. An additional increase of force is needed in order 

to overcome a straightening of the riser in the J-tubes longest section, right side of Figure 

5.4-1. Also, when reaching the topside of the J-tube, the weight of the riser is contributing to 

the maximum pull-in force, due to the higher length of the pipeline. rW  increases when the 

riser is being moved upward.  The equation for fifth and sixth steps are identical except the 

magnitude of rW , 65 PP  , where, 6P  is the maximum pull-in force. 

Maximum force can be expected to occur while entering the bending section of the J-tube, 

while leaving it and at the J-tube topside.  
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6 SOFTWARE SCREENING 

6.1 General 

This master thesis focuses on four provided FE codes: LS-DYNA, ANSYS, SIMLA and 

RIFLEX. LS-DYNA and ANSYS are two commercial FEA tools whereas SIMLA and 

RIFLEX are tailor-made and oriented for engineering analyses of offshore applications during 

design, installation and operation. Prior to choosing two of these numerical codes an in-depth 

analysis was performed considering relevant aspects of this project. For all types of FE 

software the time integration method plays a decisive role in sense of numerical stability, 

which is important to consider before performing any structural simulations. Numerical 

stability is directly dependent on the behavior of the solution as the time step is increased. 

Generally, two types of integration algorithms are widely used in FEA, intended for obtaining 

numerical solutions of time-dependent ordinary and partial differential equations. They are: 

 Explicit method – referred to problems that have a direct solution of the dependent 

variables in terms of known quantities. Stability of this method is mainly obtained 

only if the time step is smaller compared to a critical one originating from the largest 

natural frequency of the structure, Ref. /5/. 

 Implicit method – contra the explicit method, problems are typically solved by 

defining a set of equations consisting of dependent variables for which an iterative 

technique is needed. This method is typically unconditionally stable which indicates 

that time steps can be chosen without any limitations, Ref. /5/. 

A summary table including pros and cons for the four FE programs is in Appendix A. 

 

6.2 Properties of LS-DYNA 

LS-DYNA is a general purpose finite element software that allows performing simulations of 

complex problems. The main areas of applications are: automobile, aerospace, military and 

manufacturing. Initially it was designed for transient dynamic problems with high non-

linearity. Its core for determining the solution is built on an explicit time integration method, 

which is a minor modification of the typical central differential system that assumes a linear 

change in displacement over each time step. In order to solve non-linear, contact and impact 

problems LS-DYNA uses Newton-Raphson method where the applied load divides into 

sequences of load increments.  

It must be emphasized that besides quasi-static analysis the application of LS-DYNA is 

directed to crash and tenant simulations, metal forming, ballistics or in general to problems 

related to contact. At recent time the fluid-structure interaction has gained full attention. 

Discretization of many problems has been dominated by shell elements as well as beam and 

solid elements. There are more than 100 defined material models available, starting from 

linear material behavior continuing with highly non-linear material properties. Other existing 

options contain many rate-dependent, viscoelastic/viscoplastic, creep and foam formulations 

as well as failure mechanisms. Besides all predefined material models a user-defined material 

model is also available. 
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Looking into the heart of LS-DYNA the robust and computationally efficient contact 

algorithms can be divided into three different methods: the kinematic constraint method, the 

penalty method and the distributed parameter method. However, the contact regions can be 

defined wherever it is desired, with any kind of precision, either for the selected part only or 

the whole model, Refs. /6/, /7/ and /8/. 

 

6.3 Properties of SIMLA 

SIMLA is non-conventional software from where the available information is limited. 

However, the main purpose of this program is to manage issues directed to offshore pipeline 

during design, installation and operation. The numerical engine is programmed using 

integration of numerous levels of response resolution into a single FE solver. Features 

include: catenary, 2D and 3D FEM solutions with 4/6 and 8/12 degrees of freedom per each 

element, in diverse material models. The advantage of using SIMLA is the visualization 

module that illustrates graphical resolution of elements used, such as pipelines, seabed, terrain 

etc. Graphical visualization allows seeing the full installation process, Ref. /9/. 

 

6.4 Properties of ANSYS 

The main part that differ ANSYS from LS-DYNA is its implicit FE programming which uses 

different solution procedure and time integration method. Explicit time integration can also be 

used but in combination with LS-DYNA solver. It is an external expansion package that is 

available for ANSYS users. The broad usage areas of applications are: automobile, aerospace, 

construction, energy, healthcare, industrial equipment, rotating machinery, marine etc. The 

software is generally aimed at static, dynamic and multi-physic analyses. The time integration 

method is built on Newmark Forward Differencing theory which assumes a constant average 

acceleration over each time step. Solutions of non-linear equations are also based on Newton-

Raphson method which uses both direct and iterative solvers for the set of linear equations. 

ANSYS contains a large amount of element types including shell, beam, solid, pipe elements 

etc. The material library also includes a variety of isotropic, orthotropic, anisotropic materials 

and rate-dependent, viscoelastic/viscoplastic, creep formulations etc. User-defined options for 

material properties are also available. Contact algorithm is implemented with Lagrange and 

Penalty methods, where only two prospective contact surfaces are to be specified, Refs. /6/, 

/8/ and /10/. 

 

6.5 Properties of RIFLEX 

RIFLEX, similar to SIMLA, is not either conventional software package. The program’s 

major usage is static and dynamic analyses of slender maritime constructions. In RIFLEX the 

explicit pros are: accurate efficiency, formulation of non-linear time domain, high modelling 

flexibility and constant updates of model tests as well as full-scale experiments. Typical 

application areas are: flexible risers, umbilicals, pipe lying, seismic cables etc. with other 

words, any types of marine structures, Ref. /11/. 
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7 MODELING 

7.1 General 

The outcome of the software screening is presented in matrix form in Appendix A. As a result 

of the screening, in line with the matrix and accessibility of different software programs at 

REINERTSEN, SIMLA and ANSYS were chosen. 

Provided computer resources at REINERTSEN are: 2 CPU with 2.40 GHz, 12 GB RAM and 

2 GB of dedicated video memory.  

 

7.2 SIMLA 

SIMLA was initially developed by MARINTEK in 2000 as an in-house FEA tool for 

analyzing offshore structures. It is particularly good for examining rigid risers, pipelines, 

umbilicals and other subsea constructions. 

 

7.2.1 Pre-Process 

The geometry design of the pull-in procedure in SIMLA consists of node composing and is 

divided into three parts: Sea, Pipe and Wire & J-tube. The idea was to combine the nodes into 

elements, give material properties and simulate the system from the moment the pipeline is 

laying on the seabed, Ref. /12/.  

Pipe elements were defined as one (1) meter 3D beams with two nodes. The accessible 

element types in SIMLA, for definition of the construction and its materials, are described in 

Appendix E. Here, both pipeline and J-tube are of elastoplastic material type, whereas the 

wire has a linear behavior. The connection between the pipeline and the seabed was 

established as well as the connection between elements of the bell-mouth and the pipeline and 

wire.  

Initial orientation of the element coordinate system was defined. For pipe elements, the 

position of the xy-plane of the local coordinate system relative to the global was specified. 

This type of element orientation for contacts includes so called “euler angles”, whereas a 

position vector R of one point in the plane of the local y-axis have to be defined for design 

cases with pipes. 

Further, the contact surface has been defined along the contact interface. Numerical data of 

the surface topography was uploaded to SIMLA.  

The contact interface card was coded to characterize the interfaces between the three parts of 

the model. Geometry dimensions of the pipeline, the J-tube and the wire were set with 

element property cards. Boundary conditions and constraints were also defined to fixate the 

system at required positions. Load specifications included a back-tension to create a tension 

from the lay vessel. According to Ref. /1/, the part of the riser that is in contact with the 

seabed is 50 m long, see Figure 7.2-1.  
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Figure 7.2-1 Actual scenario of pull-in process 

 

This model was created by laying the whole length of the pipeline along the seabed, as seen in 

Figure 7.2-2, and excluding friction between the riser and the seabed. The contribution of this 

friction was included in back-tension calculations as described in Ref. /1/.  

 

 

Figure 7.2-2 Modified and simplified version for modeling of pull-in process 

 

A time history card was created in order to control the load steps. 
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7.2.2 Contact Formulation 

As stated before, this problem mainly consists of contact loadings. Initial coordinate system is 

shown in Figure 7.2-3. Contact for seabed with other structure components was assumed to 

have elastoplastic material behavior with kinematic hardening in x- and y-directions as well as 

hyperelastic/non-linear elastic material behavior in z-direction. 

Contact relation between J-tube & wire and J-tube & pipe was defined as isotropic contact. 

Material behavior was defined as elastoplastic in x-direction and hyperelastic in z-direction, 

see Appendix F. The motion in y-direction was constrained, thus no need for defining this 

setting. 

7.2.3 Mesh 

The meshing in SIMLA is regulated in the control card, where the number of integration 

points responds to the visual rendering of the construction. Mesh of the structure is shown in 

Figure 7.2-3. 

 

 

Figure 7.2-3 Mesh visualisation of pull-in model 

 

7.2.4 Modeling Steps with Corresponding BC and Constraints 

To perform a simulation with several steps in SIMLA, additional restart files have to be 

created. This is due to changes in boundary conditions and operational loads. The program 

cannot recognize and perform the whole simulation with different boundary conditions in the 

same script.  

The following steps have been considered and further description is given below: 

 Autostart: Start-up, forming a J-tube by bending a pipe  

 Restart 1: Wire and riser centralized, tension of pull-in wire  

 Restart 2: External pressure and gravity are inflicted 

 Restart 3: Simulation of pull-in procedure 

The startup script included a riser and a pipe lined up in a horizontal position and at stress free 

state, shown in Figure 7.2-4. 
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Figure 7.2-4 Initial geometry of the pull-in arrangement 

 

By defining the boundary conditions and prescribed displacements in particular nodes, the 

pipe was bent into a requested J-shape, Figure 7.2-5, lately called J-tube. The wire was pulled 

through the J-tube and attached to the riser. In this case, the wire was centralized, and the idea 

was to initiate the impact of gravity so it would come into contact with the J-tube’s inner 

walls. 

 

 

Figure 7.2-5 Bending of initial geometry which gives a correct structure 

 

The next simulation took into account the previous step by toggling restart option on in the 

time sequence card, instead of stress free state. Additional boundary conditions were 
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introduced, as seen in Figure 7.2-6, including a prescribed displacement at the end of the wire, 

indicating a pull-in load from the winch.  

 

 

Figure 7.2-6 The difference in wire positioning between the two first simulations 

 

In the following step, a control parameter for dynamic analysis was introduced. In order to 

ensure a softer contact with the J-tube, an element damping in z-direction was added. SIMLA 

allows for switching ramped loadings on in a smooth manner, which is convenient when 

exceeding the bent section of the J-tube due to the pull-in. The pull-in was done in the time 

history card by adding a function with the shape of a half cosine period, starting at zero slope. 

Figure 7.2-7 shows additional displacement of the wire. 

 

 

Figure 7.2-7 The difference in wire positioning between the first and third simulations 

 

The last input file included the visualization card that defines the pipeline, J-tube and wire 

nodes. By running the solver the whole procedure of the pull-in was simulated. Preliminary 

motion behaviour of the riser is seen in Figure 7.2-8 and as predicted, while reaching the final 

stages of the pull-in process, the pull-head is curled in, which creates additional friction, see 

Figure 7.2-9.  

 

 

Figure 7.2-8 Last step of the simulation that finishes the pull-in procedure 
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The aim of the three first steps was to achieve a desired shape of the arrangement, fixating 

every part in a particular way, and then releasing both the wire and the pipeline by letting the 

gravity affect the mechanics of the pull-in. 

 

 

Figure 7.2-9 The riser exceeding the top of the J-tube 

 

Autostart 

As stated, boundary conditions (BC) are a crucial component for this type of approach for 

modeling a pull-in process. Instead of creating a complete geometry it is easier to generate a 

straight tube and then bend it into a J-shape.  

It is convenient to perform equal action on the wire and the J-tube, while preparing the 

arrangement for dynamic simulation. Fixating both at the initial node prevents the model from 

unwanted shifts at the start position. The same goes for the pipeline. 

Different constraints are inflicted to get the correct geometry, including constraint equations 

and prescribed displacements.  

Restart 1 

The wire is aligned along the vertical axis, so it does not slip away, by fixating it in the radial 

direction. Furthermore, it has to be centralized within the J-tube in order to achieve stable 

positioning. According to Ref. /1/, most of the J-tube’s horizontal part on the platform passes 

through a concrete section and the rest is fixed by anchor supports. However, in the analysis, 

the whole J-tube is completely fixed. 

Restart 2 

The final node of the wire is subjected to a displacement to simulate the pull-in of the winch 

and from now on, the constraints remain unchanged. 

Restart 3 

The only desired motion of the wire at this point is along the vertical axis. To ensure stability 

of the system, the vertical straight part of the wire is fixed so it can be centralized in the J-

tube. Appendix F shows all applied BC. The pull-in is simulated here. 
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7.3 ANSYS  

The simulations were performed in ANSYS Workbench static solver. The pipeline length was 

modeled as 315 m to ensure that there is adequate span for the riser to reach 2 m above the J-

tube top flange, and in addition leave some length on the seabed.  

Three different models have been analyzed: 

1. 3D Solid Elements – Model 1 

2. Line Bodies – Model 2 

3. Combination of 3D Elements and Line Bodies – Model 3 

All models designed in this study are summarized in Table 7.3-1 where distinct characteristics 

are presented. 

 

Modeling 

Properties 
Model 1 Model 2 Model 3 

Modeling 

formulation 
Symmetry Full Full 

Modeled parts 

and 

corresponding 

element type 

Riser with pull-head – 

SOLID186 

J-Tube – SOLID186 

Seabed – SOLID186 

Riser – BEAM189 

J-Tube – BEAM189 

Wire – BEAM189 

Riser – BEAM188 

J-Tube – SHELL281 

Wire – BEAM188 

Seabed – SHELL281 

Contact 

elements 

Riser/Seabed, Riser/J-Tube 

and Wire/J-Tube – 

CONTA174/ TARGE170 

Riser/J-Tube and 

Wire/J-Tube – 

CONTA176/ 

TARGE170 

Riser/Seabed, Riser/J-Tube 

and Wire/J-Tube – 

CONTA175/ TARGE170 

Contact type 

and formulation 

Riser to Seabed –

Frictionless, Pure Penalty 

Riser to J-Tube – 

Frictional, Pure Penalty 

External mass to Seabed –

Frictional, Pure Penalty 

Manually defined 

using APDL 

commands 

Riser to Seabed –

Frictionless, Pure Penalty 

Riser to J-Tube – 

Frictional, Augmented 

Lagrange 

Wire to J-Tube – 

Frictionless, Pure Penalty 

Total amount of 

Elements 
12590 3093 28959 

Total amount of 

Nodes 
97224 9281 85559 

Back-tension  External mass Force Force 
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Modeling 

Properties 
Model 1 Model 2 Model 3 

Gravity Load Yes No Yes 

Material 

nonlinearity 

Riser – elasto-plastic 

Pull-head – elastic 

J-Tube – elastic 

Seabed – elastic 

Riser – elasto-plastic 

J-Tube – elastic 

Wire – elastic 

Riser – elasto-plastic 

J-Tube – elastic 

Wire – elastic 

Seabed – elastic 

Total Pulled 

Distance 
73 m 88 m 116 m 

Weak Springs Switched off Default 
Switched to on with a 

factor of 50  

Newton-

Raphson Option 
Unsymmetric Full Unsymmetric 

Simulation time  66 hours 28 hours 12 hours 

Table 7.3-1 Summary of all tested models in ANSYS 

 

7.3.1 Model 1 

The 3D model was created using solid elements and comprised of 5 main parts: the riser, 

external mass at the end of the riser, pull-head, J-tube and seabed. The entire geometry was 

created in ANSYS module Design Modeler. All dimensions are the same as in Ref. /1/, 

besides the vertical distance between the J-tube and seabed which is zero as well as no wire 

was considered. Furthermore, a symmetry condition for the entire geometry was considered. 

All constituent parts are presented in Figure 7.3-1. Also, no support anchors were taken into 

account due to modeling complexity and instead the whole J-tube was fixed. The seabed was 

also fixed in all directions. A non-linear material, see Figure 4.4-2, was assigned to riser, 

elastic material for J-tube and elastic material with increased density for the external mass and 

material with increased stiffness (Young’s modulus) for the pull-head. The coefficient of 

friction between the external mass and seabed was set to 0.1 and 0.3 between the riser/pull-

hed and J-tube while frictionless contact was defined between the riser and seabed. The back-

tension from the lay vessel was defined by using the friction force from external mass, which 

has high density in order to match the desired quantity of the desired force, 165 kN. 
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Figure 7.3-1 Constituent parts of the model 1 

 

Complete modeling procedure was performed in accordance with Ref. /13/, and detailed 

modeling can be found in Appendix B. 

 

7.3.2 Model 2 

The entire geometry, comprised of beam elements, was created in ANSYS Design Modeler 

with required dimensions according to Ref. /1/. A core distinction between solid or shell 

elements is that beam elements are created as single lines with defined cross-section. Figure 

7.3-2 illustrates the whole geometry including shaded exterior.  

Following assumptions and simplifications were made: 

 No bell-mouth was modeled 

 The Riser is initially located inside the J-tube horizontal part and no inclination of 

horizontal J-tube section was considered 

 No seabed was taken into account 

 No gravity force was defined in the simulation 

The model consists of three parts, namely the riser, wire and J-tube. The riser and wire were 

modeled as one part which means that they share the same connection node but both were 

assigned to respective circumferential dimensions. The wire was modeled as multiple line 

segments in order to mimic a chain. The material with plasticity as Figure 4.4-2 presents was 

assigned to the riser and the rest was set to elastic. Contact elements were assigned to the parts 

using manually written APDL script. The coefficient of friction between the riser and J-tube 

was set to 0.3 and between the wire and J-tube to 0.1. All modeling steps and configurations 

are presented in detail in Appendix C. 
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Figure 7.3-2 Constituent parts of the model 2 

 

7.3.3 Model 3 

This model includes less assumption in the modeling compared to the previous ones. Four 

parts were created; seabed and J-tube of thin shell elements, riser and wire of beam elements, 

see Figure 7.3-3 for visual presentation. A rough assumption in this simulation is the wire 

modeled as a solid pipe with a large thickness. A non-linear elasto-plastic material was 

defined for the riser, having the same stress-strain behavior as illustrated in the Figure 4.4-2, 

and the other components were assigned to linear elastic material properties. Frictionless 

contact was set between the riser and seabed as well as between wire and J-tube, but frictional 

contact was defined between the riser and J-tube, with a friction coefficient of 0.3. The 

modeling design is presented in Appendix D. 

 

 

Figure 7.3-3 Constituent parts of the model 3  
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8 RESULTS 

8.1 Analytical 

In order to calculate the pull-in forces Ramberg-Osgood coefficients were estimated. 

Ramberg-Osgood relationship is seen in Eq. 8.1-1. 

 

                                                                 









 












0

0

EE
                              (Eq.  8.1-1) 

 

In Figure 8.1-1, the red line represents the estimated Ramberg-Osgood curve which closely 

matches to the blue line used as the strain-stress curve in the analysis. 

 

 

Figure 8.1-1 Ramberg-Osgood approximation model curve 

 

Constants α = 0.1 and β = 80 were iteratively adjusted to the approximated Isotropic Linear 

Hardening curve. The RMS error for these two curves was estimated to 4.4 % up to last 

estimated intersection point. The last intersection between the curves was chosen to 555 MPa 

which is the maximum stress that occurs in the PIP solution in the riser and is extracted from 

ANSYS Model 1 analysis. A full MATLAB code is attached in Appendix H. 

The numerical values for the PIP configuration of the pull-force at all six steps from Figure 

5.1-1 are presented in Table 8.1-1, where the final registered pull-force is 766 kN.  
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Steps 1 2 3 4 5 6 

Pull-force Pn 165.0 kN 171.6 kN 461.6 kN 356.9 kN 587.5 kN 766.5 kN 

Total pulled distance 0 m 25 m 31 m 55 m 70 m 306 m 

Table 8.1-1 Pull-in force for PIP configuration at different steps 

 

Wire contribution has been discounted in the pull-in force results. Computation of the pull-in 

forces were performed in MATLAB according to Ref. /4/, see Appendix G. 

 

8.2 SIMLA 

8.2.1 Monobore Pipe Solution 

Figure 8.2-1 shows the graph for the pull-in force. The maximum value of 477 kN occurs at a 

most top of the J-tube and the final value of 460 kN at the final, exiting the J-tube. The force 

was gauged at the most front element of the riser. The time sequence does not respond to the 

actual time of the pull-in procedure, but is rather a way of controlling loadings in the 

simulation. The riser passes 3 m for every “second” of the simulation before reaching the 

point for the maximum value of pull-in force. 

 

 

Figure 8.2-1 Pull-in force for monobore pipe installation as a function of time sequence 
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Figure 8.2-2 shows the maximum stresses developed in the riser’s axial direction during pull-

in. Positive values indicate tension, maximum 507 MPa, whereas negative values represent 

compression of the pipe, maximum 534 MPa. The results are extracted in longitudinal 

direction and from the mean surface of the riser.  

 

 

Figure 8.2-2 The maximum axial stresses in tension and compression for single pipe solution 
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8.2.2 Pipe-In-Pipe Solution 

A graph of the pull-in force is illustrated in Figure 8.2-3 showing the maximum value of 695 

kN that occurs at the most top of the J-tube and the final value of 665 kN, exiting the J-tube 

The force was gauged at the most front element of the riser. 

 

 

Figure 8.2-3 Pull-in force for pipe-in-pipe installation as a function of time sequence 
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Total accumulated strain of the pipeline was measured to 1.23 %. The accumulated strain is 

the total longitudinal strain for elastoplastic pipe elements. Figure 8.2-4 illustrates strained 

regions of the pipe from different angles. 

 

 

Figure 8.2-4 Different view perspectives of accumulated total strain on the riser for PIP solution 

 

Subtracting the elastic part from the total accumulated strain gives the plastic strain. 

%9.0pl

eltotpl








 

The elastic strain of the pipe can be obtained from Figure 4.4-2 and is 0.274 %. 
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Figure 8.2-5 shows maximum stresses developed in the riser’s axial direction during pull-in. 

Positive values indicate tension, with a magnitude of 511 MPa, whereas negative values 

represent compression of the pipe, with a magnitude of 534 MPa. The results are extracted in 

longitudinal direction and from the mean surface of the riser. 

 

 

Figure 8.2-5 The maximum axial stresses in tension and compression for pipe-in-pipe solution 

 

Each simulation took approximately 2.3 hours. 
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8.3 ANSYS 

8.3.1 Model 1 

Due to the excessive simulation time for J-tube pull-in, a shortened version was considered 

with the same modeling properties both for the monobore pipe and PIP configuration. The 

length of the vertical J-tube part was decreased to 15 m and the length of the riser was reduced 

to 80 m. The pull-force results were gathered at the place where prescribed displacement was 

applied and strain results are gathered from the whole riser.  

According to Ch. 5, the only difference between step 5 and 6 is the magnitude of Wr. The 

remaining vertical length is 231 m, at top of which the maximum pull-in force occurs. The 

inclination of the J-tube’s vertical part is 1.7°. The total pull-in behavior along the pulled 

distance for monobore pipe is presented in Figure 8.3-1. The maximum pull-in force is 582 

kN. The dashed line is a manually added contribution to the pull-in force, which was 

evaluated in the same manner as the pull-in force in analytical solution from step 5 and 6. 

 

 

Figure 8.3-1 Illustration of pull-in force for monobore pipe 
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The maximum registered pull-in force for PIP configuration is 717 kN and its behavior is 

presented in Figure 8.3-2. 

 

 

Figure 8.3-2 Illustration of pull-in force for PIP configuration 

 

Figure 8.3-1 and Figure 8.3-2 shows the pull-force plotted on the pull-in length. At the initial 

position, the riser is located at rest whereas the final position shows the pulling force required 

to pull the riser 2 m above the J-tube top flange. However, the pattern of the evolving force 

during the pull-in looks similar for both pipe configurations. As can be seen in both cases, the 

back-tension is a starting pull-force which then linearly increases by effect of friction between 

the objects. During the bending part the force has been increased abruptly. When the bending 

part is successfully passed, and the riser enters the vertical part of the J-tube, the force is 

decreased which lately is continuously increasing by the effect of the gravitational force. 

Before the riser comes out from the J-tube, the maximum pull-force is obtained. It was also 

registered from the simulation that for the monobore pipe, the decrease in force, from the 

point it leaves the J-tube and reaches 2 m above the J-tube flange, was 7 kN. For the PIP the 

drop was as much as 11 kN. 
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The elastic and plastic strains for the PIP configuration are shown in Figure 8.3-3. The top 

plot shows the total strain change within the pull-in length and the bottom plot shows the 

plastic strain. The maximum obtained total strain was registered to 0.90% and maximum 

plastic strain to 0.72%. The yielding strain, 0.25%, is also pointed out in the plots, where it is 

clearly seen that plastic strain is initiated after the yielding strain.  

 

 

Figure 8.3-3 Total and plastic strains with respect to pulled pull-in length 
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The distribution of the plastic strain along the riser is shown in Figure 8.3-4. It can be noted 

that the maximum plasticity occurred on the tension side of the riser when it firstly entered the 

bending part of the J-tube and it remained during the rest of the pull-in process. When the top 

end of the riser has passed through the bending part it can be seen that the rest of the riser still 

plasticize but not with the same magnitude as initially. 

 

 

Figure 8.3-4 Distribution of plastic strain along the riser 

 

The von Mises stress distribution is presented in Figure 8.3-5. The maximum stress occurs 

after 30 m of pull-in with a value of 553 MPa. 

 

 

Figure 8.3-5 Von Mises stress distribution along the riser 
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Maximum penetration within the elements was measured to 11 mm that only occurs between 

the external mass and seabed. But the maximum penetration between the riser and the J-tube, 

with a value of 5 mm, only occurs at the transition between the bell-mouth and vertical part of 

the J-tube as well as at the top end of the J-tube. The schematic picture of the locations is 

presented in the Figure 8.3-6. 

 

 

Figure 8.3-6 Maximum penetration among the elements 

 

8.3.2 Model 2 

Following results were obtained for the monobore pipe only. Due to the unrealistic results 

analyses for PIP configuration was not performed.  

Total deformation of the riser after pull-in of 88 m is presented in Figure 8.3-7. The reason for 

not pulling the riser fully up to the J-tube top flange was due excessive simulation time. 

 

 

Figure 8.3-7 Bending behavior of riser in J-tube 
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The pull-in force behavior is illustrated in Figure 8.3-8, where it can be noted that after 88 m 

the maximum pull-in force is 196 kN.  

 

 

Figure 8.3-8 Illustration of pull-force during the pull-in 

 

When the riser passes the bending part the force variation is linear with a back-tension value 

of 165 kN, and it starts to increase after it has passed the bending; i.e. when the riser reaches 

the vertical part of the J-tube. Thereafter, the force is increased to 195 kN and remains 

constant during the rest of pull-in. 

 

8.3.3 Model 3 

Following results were obtained for the monobore pipe only. Due to the unrealistic results 

analyses for PIP configuration was not performed.  

The deformation of the riser was arbitrary aborted when pull-in reached 116 m. Figure 8.3-9 

shows the variation of pull force during the pull-in. The maximum pull-force at this stage was 

registered to 5.5 MN. It is notable that pulling starts with a force equal to the back-tension 

which then increases, to a value of 490 kN until the riser enters the J-tube, and then it 

accidently drops, to a value of 200 kN, and for the rest of the process the force increases 

almost linearly.  
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Figure 8.3-9 Variation of pull force during a pull-in of 116 m 

 

8.4 Comparison 

Table 8.4-1 shows the compared values between results obtained in this work and the results 

obtained in the in-house study Ref. /1/. 

  

Quantity ABAQUS ANSYS Model 1 SIMLA Analytical 

Pull-in force – single pipe N/A 582 kN 476 kN 572 kN 

Pull-in force – PIP 729 kN 717 kN 695 kN 766 kN 

Accumulated plastic strain – PIP 0.9 % 0.7 % 0.96 % N/A 

CPU time – PIP N/A 66 h 2.3 h Instant 

Table 8.4-1 Comparison of the obtained results 

 

The comparison between the ANSYS, SIMLA, analytical as well as ABAQUS pull-force, for 

the PIP configuration, is illustrated in Figure 8.4-1.  
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Figure 8.4-1 Graphical comparison of results for different models 

 

Figure 8.4-1 shows the behavior of the pull-in force in three different models which is 

identical to the description presented in Ch. 5 and the six steps of pull-in mechanics according 

to Figure 5.1-1. 

The percentage difference of obtained results is presented in Table 8.4-2, where the negative 

and positive signs indicate decrease and increase respectively for the reference value. 

 

Deviation 
ABAQUS 

to ANSYS 

ABAQUS 

to SIMLA 

ABAQUS to 

Analytical 

ANSYS to 

SIMLA 

Analytical 

to ANSYS 

Analytical 

to SIMLA 

Percentage -1.6 % -4.5 % +5.1 % -3.1 % -6.4 % -9.3 % 

Table 8.4-2 Percentage deviation of pull-in forces for PIP configuration  
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9 DISCUSSION 

9.1 General 

The following sections present an interpretation of the acquired results from the software 

programs and comments on their performance. Thoughts about the approach in general, 

obtained results and comments about the project as a whole are also presented.  

The main purpose of the study was to examine and investigate the most suitable way of 

modeling and simulating a pull-in process of a riser through a J-tube in respect of 

REINERTSEN’s available resources. 

Monobore pipe has not been accounted for in the result discussion due to lack of reliable 

referential simulations.  

One of the reasons for the difference in the outcome between software may depend on 

absence of material curve information from Ref. /1/. Because of that, a perfectly linear 

hardening was assumed. Also, the analytical results may differ due to the Ramberg-Osgood 

coefficients were iterated manually without knowledge of the material properties. This 

method is an approximation and generates an error per se. The deviation compared to other 

methods is noticeable according to Table 8.4-1. The other reason for deviations in results 

when comparing ANSYS with SIMLA is the solver type, where the ANSYS uses static solver 

and SIMLA has an option for dynamic analysis. 

Figure 8.4-1 indicates a noticeable drop in the pull-in force from step 3 to step 4, which is due 

pull-head losing contact with J-tube’s inner wall. The whole behavior of pull-in force 

generally responds to the mechanical characteristics described in Ch. 5. The reason why 

maximum pull-in force occurs before reaching the final position, as seen in Figure 8.4-1, is 

because when the pull-head exits, it loses contact with the J-tube’s inner wall. After this point, 

there is no scraping anymore, which reduces the magnitude of the pull-in force. 

 

9.2 SIMLA 

Among the given FEM software, SIMLA, with its 2.3 hours simulation time, is the most time 

efficient choice for proceeding with this type of calculations. The deviation from the 

maximum pull-in force obtained in ABAQUS is 5 % and can hence serve as a reasonable 

recommendation. 

As shown in Table 8.4-1, obtained results indicate a good reliability of the SIMLA model. 

According to Ref. /1/, the extracted value for the maximum pull-in force excluded the 

contribution from the wire which was separately added to the final result. This contribution is 

1 kN and comes from 1 m hanging wire from the pull-head up to the winch at the end of the 

procedure. The pull-in force in this simulation was extracted from the most front element of 

the riser and did not either include the contribution from the wire. In reality, the wire’s 

contribution should be larger due to the frictional forces acting during pull-in. 

Obtained results are generally plausible and can be used as a basis for further work. Although 

accumulated plastic strain is almost the same, Table 8.4-1, there is no material behavior curve 

presented in Ref. /1/, which is an uncertainty factor. That is why it is not possible to discuss 

reliability of these results. 
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The method of geometry modeling can be improved by creating a complete J-tube and thus 

get rid of the unwanted stresses occurring during bending in the first step. This way, the real 

stresses in the J-tube can be extracted and an integrity check could be performed. This could 

mean changing the BC for the system.  

For simplicity of scripting, element size in the modeling was set to 1 m. It should be noted 

that the accuracy of maximum pull-in force may increase if the element size is lowered, which 

is to be consider in future investigations. 

Time increments in simulations have a significant role in both visualization of the pull-in 

process and CPU time. Due to insufficient time, no parametric studies were performed. The 

time increments’ change could also contribute to pull-in force and should be varied in 

parametric studies to check the impact on the results. 

The simplified model of the riser did not include pull-head which generates a lower pull-in 

force. According to Ref. /1/, CoF between the pull-head and the J-tube is 0.5 and 

consequently the maximum value for pull-in force should be larger than 695 kN. A parametric 

study from Ref. /4/ and analytical investigation states that increasing the CoF between pull-

head and J-tube from 0.3 to 0.5 results in an additional contribution to the pull-in force of 

approximately 50 kN. This would change the deviation from 5 % to 2 %. This fact has to be 

considered in further studies of J-tube pull-in analyses. 

As shown in Figure 8.2-5, the maximum stresses occur in compression when the riser passes 

through the bending curvature. The bending together with contact loading generates higher 

compression stresses, which is the reason for the larger negative value in both pipe 

configurations. Maximum stresses in the material decreases after exceeding the bend radius of 

the J-tube. Figure 9.2-1 is a principle for stress distribution in bending, which is relevant for 

understanding the mechanics of the results obtained. 

 

 

Figure 9.2-1 Stress distribution for bending 

 



 

J-Tube Pull-in of Rigid Risers 

 

Rev 

 
Page 

54(91) 

Date 

2015-01-20 
Sign 

 

 

 

9.3 ANSYS 

Several methods were prepared; see Table 7.3-1, the first simulation comprised of solid 

elements, a second simulation of beam elements and a third simulation was a combination of 

beam and shell elements. The first model appears to be accurate compared to above reference 

values but the two other methods resulted in deviating outcome.  

For the simulation with solid elements in 3D, the main problem occurred with convergence 

due to the contact formulations and element distortion. 3D models are generally more time 

consuming, especially when such large components are involved and limited computer 

resources are available. This type of analysis includes a highly non-linear deformation which 

is being solved in the static solver, which means that inertia of moment is not taken into 

account. Together with an approximated stress-strain curve used in the analysis, this may lead 

to convergence complications. The final simulation converged but with given resources it is 

not optimal for being solved for the whole formulation as it was concluded to use a shortened 

version. 

In the simulation where only line bodies are involved, the obtained deformations seem to be 

very similar to the expected ones but other results, such as pull-in-force and von Mises 

stresses deviates a lot. Also, the simulation time was unexpectedly long and it was concluded 

to reject that simulation.  

Furthermore, a combination of shell/beam elements was used. The most appealing with this 

simulation is its least simplified geometry formulation. The largest assumption here was to 

model a wire as a solid pipe with wide circumferential thickness corresponding to the real 

value, which implied a different riser deformation when the riser was lifted up to the bell-

mouth and during the vertical pull-in. After a pull-in of 116 m, the deformations looked 

dissimilar to what was expected and so does the huge pulling force. Hence, this simulation 

was also excluded.  

All three simulations were very sensitive to variations in pull-in length and/or back-tension. 

For the short pull-in sequences, the simulation time was less compared to simulations with 

higher pull-in sequences where the solution time increased accordingly. Similarly for the 

back-tension, high values resulted in higher solving time and created instabilities in the riser. 

The main reason for this could be that non-linear processes are being solved in a linear solver. 

It implies that series of iterative linear approximations are utilized using Newton-Raphson 

approach. Hereby loads in the structure have to be applied with lesser increments or increased 

convergence tolerances. The first affects the simulation time and the second the admissible 

error in the results. The main reason for the long solution time, in current models, is increased 

increments of load steps and substeps. 

 

9.3.1 Model 1 

Due to complex dynamic processes, the problems with 3D models can arise from very large 

deformations, large strains that causes element distortion, contact issues, contact sliding with 

high friction coefficients, large 3D components, symmetry boundary and force/pressure based 

loads, Ref. /14/. It is apparent that the main difficulty with the model was convergence, which 

may be due to contact and element formulation issues. The system was adjusted so that rigid 

body motion could not occur, which usually affects the convergence relaxation. This was done 
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using reasonable supports and/or displacement controlled solutions and parts were adjusted so 

that initial gaps were excluded. Also, different friction coefficient values were varied and 

tested, pinball radius was added between each contact pair and line search was turned on due 

to large deflections. 

Regarding mesh suitability, a uniform definition of mesh was assigned to the model, and 

when the output was analyzed the automatically generated elements, SOLID186, seemed to be 

well suited for such models. Higher order elements for curved surfaces were adopted which 

theoretically should lead to time savings. The initial model resulted in element distortion on 

the pull-head, eventually causing very high resistance loads. The first attempted method of 

correcting it was to increase the Young’s modulus for the material of the pull-head. Another 

attempt was defining the pull-head as totally rigid body, but that implied further problems 

with defining contact and displacement condition, where pull-in occurs, on one of its vertexes. 

The final and accurate improvement was made when the plasticity for the material was 

removed which led to removed element distortion.  

As a final optimization, force equilibrium and unbalance was enhanced by using reasonable 

contact stiffness, the same for both contact pairs with a value of 0.01. Load steps were 

adjusted to the increasing force using small load increments, and contact algorithms were 

tested. But according to suggestions from ANSYS help documents, the most applicable 

algorithm to use in this simulation is Pure Penalty with restricted penetration. Altogether, it 

resulted in a small penetration factor.   

The simplification in modelling a pull-in i.e. no wire meant one less contact pair and less 

created elements in the simulation, which affected the convergence related issues. The 

deformation of the riser’s pull-head is highly dependent on the pull-in trajectory, which 

eventually was comprehended. It may lead to a different riser deformation but in general the 

final results should not be much affected, as it only means one less contact point than the real 

case deformation. 

Above presented trials as well as deep understanding of the problem brought the study to a 

point when the simulation started converging but in order to get the results of full pull-in 

formulation it was necessary to have better performing computers or creating a reduced 

model, of which the latter was chosen. The deviations in results are low compared to the given 

reference which comprises 1.6 % for pull-in force, see Table 8.4-2. However, the main 

difference among the tested methods, shown in Figure 8.4-1, is the ANSYS approximation of 

the wire, which automatically leads to a different deformation of the riser at initial contact 

stages and the final pull-force. It is worth to mention that when the mesh of the system was 

refined i.e. the amount of elements increased; the pull-force decreased. A coarse and a fine 

mesh simulations were performed with 3402 and 12590 elements respectively. The finer mesh 

gives lower value for the pull-in force. This difference is approximately 70 kN. Additionally, 

the CoF of the pull-head was set to 0.3. Refining mesh and adding the pull-head CoF 

according to Ref. /1/, as discussed before in Ch. 9.2, should reduce the result deviations 

between ANSYS and ABAQUS simulations. 
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9.3.2 Model 2 

The first advantage of this model is the lesser amount of elements/nodes generated compared 

with other models. Another advantage is manually defined contact elements in APDL option 

in Workbench, see Appendix B. The idea was to use this contact element that is more 

compatible with pipe purposes, hoping this would result in faster simulation time and more 

accurate results. However, the results generated were not good enough for further 

consideration. The main problem was the long simulation time combined with contact based 

issues. Efforts were put on optimizing the model using similar approach that was described in 

the previous chapter, namely examining each affecting part separately, but in the end it didn’t 

result in noticeable improvements.  

The behavior of the pull-in force, as seen in the Figure 8.3-8, corresponds to the unexpected 

behavior. At the beginning, the force was equal to the back-tension. When pulling had been 

initiated and the riser reached the bending part of the J-tube, the force had increased a little. 

When passed the bent part, the force started to increase even more, which is not reasonable 

compared to previous analyses. The absence of the gravity and its effect on the outcome 

should be taken into consideration. But it is important to realize that bending equations are 

independent of the mass. However, the dissimilarity may be caused by the applied settings in 

the simulation or by the method with which it was solved.  

 

9.3.3 Model 3 

The impact from modeling the wire as a solid beam was the changes to the deformation of the 

riser. In Figure 9.3-1 the deformation process is illustrated in various stages. The effect of the 

wire is notable at the entrance stage and before the riser reaches the J-tube’s bent part. The 

reason for causing such deformations is the initial modeling of the wire. In order to draw the 

wire from bell-mouth down to the riser, an edge along the wire at bell-mouth was created. The 

wire segments are connected with fixed joints, which mean that during pull-in the wire has to 

overcome the bending of itself first. 

 

 

Figure 9.3-1 Deformation procedure of the riser 
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The pull-in force is continuously increasing the higher the riser is being pulled. Compared 

with other results the force should be much lower at the final pull-in than 5.5 MN after 116 m, 

and therefore the results are not reliable.  

 

9.4 Experience 

9.4.1 SIMLA 

SIMLA is a niche product developed for solving problems of subsea nature. There is little 

information about its usage, which prolongs the learning time. Studying an existing script 

showed to be the easiest way to get started with the programming 

The solution converged after only two hours. The analysis time was manageable and the 

overall results could be improved further by polishing the boundary conditions and creating a 

more realistic model. As an example the riser should be modeled in S-shape at the rear half in 

order to represent the pipe-laying process.  

When designing a script consisting of several restart codes the file responding to numerical 

and visual data has to be manually updated after each simulation, which can cause misleading 

results if overlooked.  

The contact formulation of the model was not common. It required defining a contact element 

and matching it with parts to which it belong, instead of bonding two or more surfaces. Each 

contact can have specific properties, depending on the type of contact. SIMLA has settings for 

defining common parts of subsea structures, which simplifies the definition, for example 

seabed, sea and bell-mouth.   

Almost every FEA tool has an option of refining and customizing the meshing of the model. 

There is no such alternative in SIMLA, which excluded a major part of the regular pre-

processing. On one hand it is confusing to not be able to control the outcome through 

meshing; on the other hand it simplifies the process by proposing a default setting for this 

option. 

The modeling of the J-tube by deforming a pipe into a J-shape, led to unwanted stresses in the 

J-tube and made it difficult to extract the true stresses due to pull-in. This could be avoided if 

designed properly from the beginning. Although the J-tube was defined as elastoplastic pipe 

element, it was practical to add a linear material behavior in order to avoid failure while 

bending it in the first simulation. 

There are still a couple of options in SIMLA that requires further research in order to establish 

the full impact on a solution. These include external forces, as mentioned before, and 

time/control settings. 
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9.4.2 ANSYS 

Model 1 

The biggest problem in this simulation was contact issues and long simulation time. As 

described in the Discussion chapter, section 9.3.1, the optimizations were performed in 

accordance with ANSYS advice and the outcome seemed reasonable. Initial geometry 

included the wire and a lot of time was spent on creating a functional model. The wire was 

modeled both using solid elements and line body elements and was connected to the riser in 

different ways, both using bonded contact and joints. An important detail was to not make the 

wire radius too small; otherwise the mesh problems would occur in thickness direction. The 

mesh in 3D models plays a vital role. For example, when changing Element Midside Nodes 

property it is essential to select an appropriate setting in order to make it work. “Kept” setting 

creates 2
nd

 order elements whereas “Dropped” creates 1
st
 order elements. When setting it to 

“Dropped” for example, middle nodes were added for each element which can be essential in 

any kind of simulation. Depending on which setting is selected, the corresponding element 

type is created. It is very important to define proper mesh in thickness dimension, for example 

using Sweep tool, otherwise an uncontrollable mesh will be created. Contact problems 

generally require mesh sizes of similar dimensions. When a mesh sensitivity study was 

performed, it was noted that a mesh size on contact and target body has to be same. Another 

issue concerns the back-tension, which was assigned on the riser’s back end but it conveyed 

problems in convergence. A possible explanation could be instabilities in the riser. One 

should also be careful using symmetry condition in the geometry so that the origin of the force 

in the symmetry direction is controlled. 

It is highly recommended to close initial contact gaps between objects that are meant to be in 

contact. Contact failure can otherwise lead to convergence problems, if no other properties, 

such as pinball radius are used.    

 

Model 2 

As mentioned earlier, a lot of work was put in to optimize this model. Firstly, the J-tube was 

modeled with initial incline. For short pull-in length and small geometry, with the same 

settings as in previous simulation, a solution was obtained. Secondly, when the geometrical 

inclines were removed, plasticity was applied and the J-tube was fixed only at two vertices, 

one where the bell-mouth is located and one at the top flange. A solution was generated but 

only for short pull-in length and small geometries. The convergence tolerances have been 

checked for different values, but it only resulted in larger errors of the outcome. However, due 

to the non-complete control over the simulation, which is uncommon when coding in APDL 

scripts, it was difficult to define the root of the problem.  

 

Model 3 

A very important aspect to mention about this model is that when link elements were set for 

the wire, which is the most logical way of modeling in an FE solver, it caused problems with 

contact formulations. A possible explanation is that ANSYS creates a force in transversal 

directions, but link elements are not suitable for withstanding bending loads, and therefore 
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convergence does not occur. The wire and consequently the riser, failed to create contact with 

the J-tube. See the Figure 9.4-1. 

 

 

Figure 9.4-1 Contact loss between the parts 

 

The same problem occurred when optimizing the dimensions of the wire, the radius was 

altered with different values, a hollow section was assigned and shorter line segments were 

created. Also, the material was changed to make it softer and plastic. Pipe elements instead of 

beam were tested for the riser, which actually created more integration points along the riser, 

but led to no convergence in radial direction and longer simulation time. The mesh did not 

have much impact. A relaxation of the convergence tolerances was also considered where 

rotational convergence was removed, predictors were switched off, line search was turned on 

and the contact stiffness parameters were analyzed. But it either resulted in no convergence or 

in contact loss. Different methods of defining a back-tension as well as connecting the wire 

and riser were also examined. The back-tension in the model is defined via a single point 

force, but it is also possible to define it using a bolt pretention tool, where one end is “fixed” 

at the connection with the wire (wire being pulled in opposite direction) and the other end is 

free. Furthermore, joining the connections of the wire to the riser as well as wire line 

segments were tested, using joint and contact properties. 

 But in the end, the only effective method was when wire and riser were joined as one part, 

which means that they share the same connection node. These issues have been discussed 

with ANSYS support where they advised not to consider that simulation and rather make 

more simplifications of the geometry and maybe try an alternative model. The principal 

suggestion was to model everything as solid elements at the expense of estimation time. 
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9.5 Further Work 

With all the assumptions presented within this report, accuracy of simulations could be further 

improved. Following recommendations should be considered: 

 SIMLA: Model J-tube with its initial formation, including anchor supports, in order to 

check the J-tube’s integrity. Since the J-tube is being bent from the first step, the initial 

stresses occur here, which lately constrains the analysis of the J-tube. 

 SIMLA: Investigate time increment variation for storing results and visual post-

processor 

 SIMLA: Reduce element size of the structure for more accuracy 

 SIMLA: Model the wire with other element types ANSYS: Create a wire model  

 ANSYS: Create a model in Classic ANSYS using only APDL scripting 

 ANSYS: Perform a mesh analysis on Model 1 in order to check the possible error in 

the outcome 

 ANSYS: Use a dynamic solver instead of static solver 

 ANSYS: Include anchor supports in initial geometry 

 It is recommended to have a proper material data for more precise result. 

 For realistic procedure coating and centralizers should be modelled in order to see the 

exact load distributions in the Pipe-in-Pipe solutions. 

 A case study should be performed to get a better understanding of the reliability of the 

model. Parameters such as coefficient of friction, J-tube bend angle and radius as well 

as bell-mouth entrance angle should be varied. Clearance between pipeline and J-tube, 

back-tension, external as well as internal loads that may occur from waves, 

temperature differences and different mediums transported in the pipe should also be 

varied and analyzed. 

 Analyze the integrity of the J-tube (maximum contact forces, limits before rupture 

etc.) 

 2D-simulation should be taken into consideration for CPU time efficiency 

 Simulate the model with real pull-head size and CoF of 0.5 

 Perform buckling analysis according DNV to check the integrity of the riser 
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APPENDIX A: SCREENING MATRIX 

The software screening is summarized in a matrix, Table A-1, where issues relevant to the subject are covered, including properties. The 

blue rectangle indicates positive mark and red indicates negative mark. For the software SIMLA and RIFLEX some areas are unknown 

due to limited information. The best software matching the problem of J-Tube is LS-DYNA, then ANSYS, SIMLA and lastly RIFLEX. 

However, the factor that is the most important, is the number of licenses and expertise provided by RE. Hence, ANSYS and SIMLA 

were chosen. 

 

Issue LS-DYNA ANSYS SIMLA RIFLEX 

Usually used for 

Transient dynamic, large 

deformation, 

Highly non-linear 

problems 

Static and dynamic 

structural analysis, heat 

transfer, fluid/acoustic 

and nonlinear problems 

Nonlinear 3D FEM 

static and dynamic 

analysis, simulation of 

pipe laying, evaluation 

of laying stability 

Small bending 

stiffness, large 

deflection, non-linear 

cross section 

properties 

Usage area 

Automobile, aerospace, 

construction, military, 

manufacturing, 

bioengineering, 

(offshore, marine) 

Aerospace, automotive, 

construction, energy, 

healthcare, industrial 

equipment and rotating 

machinery, marine 

Offshore pipelines, 

riser, umbilical’s, 

inspection of free spans 

Flexible marine riser 

systems, slender 

structure (steel 

pipelines, risers, 

umbilical´s,) 

Analysis type Explicit Implicit N/A N/A 

Capabilities 

GUI     

Flexible in job 

environment ( .txt 

file) 
  N/A N/A 

CAD import .iges, .stp, .vda .iges, .stp, .asm   

“One window*”     

2D     

3D     

Axisymmetry   N/A  

Nonlinear/Transient 

dynamics     

Quasi-static 

simulations   N/A N/A 

Linear static     

Failure analysis    N/A 

Structural-thermal 

coupling     

Multiphysics    N/A 

Multiple Load 

Cases    N/A 

Choice of solver     

Motion simulation     

Solver 

independent*     

Material Library 

Metals   N/A N/A 

Plastics   N/A N/A 

Concrete & Soils    N/A 

User-defined     

Isotropy, 

orthotropy and 

anisotropy 
   N/A 

Element Library 

Beams 
Standard, trusses, 

discrete, cables and 

welds 

Elastic, plastic, thin-

walled, 2D and 3D 

(BEAM3, BEAM4) 

Linear, elastoplastic, 2-

noded 2D & 3D  
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Issue LS-DYNA ANSYS SIMLA RIFLEX 

Shells 

3, 4, 6 and 8 nodes 

including 3D shells, 

membranes, 2D plane 

stress, plane strain and 

axisymmetric solids 

8 nodes, 3D shells, 

membranes, 2D plane 

stress, plane strain and 

axisymmetric solids 

(SHELL63, PIPE16) 

N/A N/A 

Solids 

4 and 10-node 

tetrahedrons, 6-node 

pentahedrons and 8-node 

hexahedrons 

3, 4, 8, 10, 20 nodes 

both 2D and 3D, very 

larg element libray 

(SOLID45, SOLID70) 

N/A N/A 

Discrete Elements Springs and dampers 
Spring and dampers 

(COMBIN14) 

Spring and damper (2D 

& 3D) 
N/A 

Contact Algorithms 

Sensitivity to 

contact formulation     

Flexible body 

contact   N/A N/A 

Flexible body to 

rigid body   N/A N/A 

Eroding contact   N/A N/A 

CAD surfaces   N/A N/A 

Other properties 

Easy to 

use/navigate     

Intuitive     

Logic     

Thorough help files     

User support     

Result managing Easy Easy Easy enough Easy enough 

Economic expense Available in-house Available in-house Available in-house Available in-house 

Complexity grade     

Learning time     

Availability of 

examples/tutorials 

and information 
    

Available expertise 

in the organization 
Few Several Several Few 

Amount of 

available licenses at 

RE 

1 

Prepost: 4+1 

Structural batch: 5 

Mechanical: 1 

6 3 

Pipe compatibility     

Pipe-in-pipe 

compatibility     

Total amount of 

advantages 
25 30 15 12 

Total amount of 

disadvantages 
8 4 9 10 

Stands for +1/ yes/high/good/exists,   -1/no/bad/low, N/A – 0/not available. 

Table A-1 Software screening matrix 
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APPENDIX B: ANSYS 3D SOLID ELEMENTS 

Geometry 

In Figure B-1 an illustration of the entire 3D model is presented with its constituent parts. 

 

 

Figure B-1 Illustration of the geometry used in the model 

 

The back-tension force was modeled as additional weight on the end of the riser. The force is 

modeled using the material density and further considering the friction coefficient. The pull-

head was modeled as a rigid body. As can be seen in Figure B-2, both top- and back side of 

the riser has rounded ends in order to exclude sharp edges and corresponding convergence 

problems.  

 

 

Figure B-2 Extern part representing force on the back side of riser in form of extra mass 
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Material 

In this highly non-linear analysis a material with plasticity has to be considered due to very 

large deformations. It was concluded to make use of a Bilinear Isotropic Hardening in order 

to define the plasticity region, for all parts, based on existing material data; the stress-strain 

curve is the same as in previous model. 

In this model three different materials were used, where the first represents structural steel 

according to Ref. /15/. The second material card includes a Young’s modulus which is 100 

times larger than the first one in order to define rigid pull-head, and finally, the third material 

with corresponding density used for external mass to define back-tension. 

 

Mesh 

Mesh was created using Sweep Method, which is well suited for all solid bodies in the model. 

The elements created are quadrangular and are easily customized; see Figure B-3 for visual 

guideline and exact properties. The advantage of using sweep method is that the mesh size 

through the thickness is equal to thickness size which prevents potential uncontrolled meshing 

in that dimension. 

 

 

Figure B-3 Schematics of defined mesh on the entire model 

 

Properties used in Sweeping method, Ref. /16/: 

 Element Midside Nodes set to kept, which brings higher order elements and therefore 

more precise results and better convergence. 

 Src/Trg Selection set to Manual Source and Target; sweeper revolves the mesh 

around shared edges/vertices.  This property is useful when the source and target of a 

sweeping body shares vertices and/or edges.   

 Type set to Number of Divisions that is hard constraint on desired interval and 

Element size is the opposite. 

Additional configuration for mesh was also carried out via Edge Sizing, see Table B-1. 
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Part Method Number of Divisions Element Size 

Riser Sweep 1000 N/A 

Pull-head Sweep 6 N/A 

J-tube Sweep 200 N/A 

Bell-mouth Sweep 30 N/A 

Seabed Face Sizing N/A 0.5 m 

Table B-1 Different approaches used for respective part in the model 

 

In Figure B-4 illustrative mesh settings are presented. 

 

 

Figure B-4 Schematics over defined edge sizes 

 

Typically for 3D simulations, SOLID186 volume elements were created. Generated element 

matrix can be found in the Solution Information output file, see Figure B-5. 

 

 

Figure B-5 An extract from Solution file ANSYS shows automatically generated mesh elements 
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This element was selected by ANSYS Mechanical by default as the most suitable for this type 

of problem. More detailed information about this element can be found in Ref. /17/, 

summarized characteristics of the element are: 

 3D, 20 node solid element having three degrees of freedom per each node, all 

translational, x, y and z directions. 

 Supports high variety of material behavior, plasticity, creep etc. 

 Compatible for simulations with large deformations and strains 

 Can have any spatial orientation 

 

 

Figure B-6 Characteristics of SOLID186 element and CONTA174/TRARGE170 contact pair 

 

Besides the solid elements the contact pair CONTA174 and TARGE170 was also generated, 

see Figure B-6. For more information see Ref. /18/.  

Some basic characteristics of the contact element are presented below: 

 Often used when contact/sliding is present between 3D bodies as well as deformable 

surface exists 

 Obtains the same geometric characteristics as SOLID186 element face due to their 

connectivity 

 The contact is being established only when two separate surfaces penetrates each other 

such that they become mutually tangent 

 

 

Symmetry Condition 

The problem was solved in the symmetric formulation that was obtained using the Symmetry 

tool in Design Modeler for gaining better time efficiency.  

 

Contact  

Three contact pairs were created, one for riser/seabed, external mass/seabed and between 

riser/J-tube. Defined properties and contacts are presented in Figure B-7 and shortly explained 

below.  
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Figure B-7 Properties and illustration of contact 

 

 Type of contact set to frictional, which allows sliding with coefficient of friction of 

0.1 for contact pair 1 and 0.3for contact pair 2. Behavior is asymmetric, since it is not 

of interest to gather information about the deformation as well as stress-strain state of 

the seabed, which simplifies the calculations. However the J-tube was set to be fixed 

along all faces, its deformation and stresses were not accounted for. 

 Formulation selected to Pure Penalty, which is the best for large geometries, good 

convergence behavior and supports Symmetric contact. 

 Detection Method set to Nodal - Projected Normal From Contact, the location for 

contact detection was set at contact nodal points in an coinciding region of the contact 

and target surfaces. For this simulation, this method was the most accurate to 

determine the reaction force at the contact between the cylindrical and the flat faces of 

bodies. The method is time demanding. 

 Normal Stiffness Factor set to Manual. Normal stiffness factor can be varied from 

non-zero to large values. In this simulation an appropriate value of 0.01 was used 

which is typical recommendation from ANSYS for bending problems. In simulations, 

the higher value the better contact (in a sense of penetration) is being established. In 

reality it is infinite, but in ANSYS it will imply oscillation between contact and target 

surfaces which will lead to no convergence.  

 Update Stiffness set to Each Iteration, which allows the update of contact to change 

after each iteration during the analysis. Depending on which property is being set, 

ANSYS will modify the contact stiffness (raise/lower/leave unchanged) based on 

physics of the model. An advantage of setting this property is automatic determination 

of the stiffness that allows better convergence and less penetration. Additionally, more 

complex problems may converge in a Newton-Raphson sense that would not converge 

otherwise.  
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 Pinball region allows specifying the contact search size. In this model the pinball was 

used in order to cover the gap between the bodies to find the contact, otherwise there is 

a risk that ANSYS will not detect the contact at all. Initial distance between the riser 

and J-tube is about 2 m, using the pinball radius to ensure that contact indeed occurs.  

 Time Step Controls set to Automatic Bisection, a setting for convergence 

enhancement checked at the end of each substep to resolve whether high penetration or 

extreme change in contact status have occurred. This type of time step control allows 

reducing the solution time. 

 Interface Treatment chosen as Add Offset, Ramped Effects; the contact will stabilize 

gradually over several substeps within a load step. Moreover, the convergence is being 

improved for complicated interference problems. 

For more information on contact algorithms and its options see Ref. /19/. 

 

Boundary Conditions  

In this study, the only boundary conditions and constraints used are: fixed support for the J-

tubes all faces as well as seabed, standard earth gravity during all iteration steps and 

prescribed displacement for a vertex on the pull-head defined with an approximate trajectory 

that is illustrated in Figure B-8, which follow the assumed wire path.  

 

 

Figure B-8 Prescribed displacement defined on a vertex on a pull-head used instead for wire 

 

APPENDIX C: ANSYS LINE BODIES MODEL 

Geometry 

The concept that was chosen for further evaluation is modeling the riser, wire and J-tube as 

line elements, with defined circular cross-sections, in the Design Modeler in ANSYS 

Workbench. The exact geometry with dimensions can be seen in the Figure C-1. 
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Figure C-1 Illustration of the geometry used in the model 

 

The J-tube was modeled as a beam element, consisting of three sections. The first section is 

the horizontal with a length of 22 m; the second is the bending section with a radius of 20 m 

and an angle of 85.8
o
 and the third section is the vertical part, which is 269 m long. A hollow 

cross-section was defined with an outer diameter of 660 mm and wall thickness of 14.3 mm. 

The riser was also modeled as a beam element, initially located in the J-tube’s horizontal part 

with a length of 285 m. The length was adjusted to the distance needed so the riser head 

reaches 2 m above the J-tube top flange and the free end reaches the bell-mouth at final pull-

in. The hollow cross-section has following characteristics: outer diameter 328.8 mm, 

corresponding to 12”, and the same wall thickness as for the J-tube. 

Finally, the wire was also modeled using several line segments in order to mimic a chain. 

Connection between the riser and wire was modeled so that the parts share the same node. The 

path was modeled aligned with the J-tubes center line up to the straight vertical J-tube section. 

The cross-section was set to solid with a diameter of 100 mm. 

 

Material 

Material data was taken from DNV-OS-F101, Ref. /15/. The structural steel material card was 

modified adding a Bilinear Isotropic Hardening material card, for all parts, in order to 

represent plasticity of the material. Basic data was included (SMYS etc.) and other parameters 

were calculated, see Table C-1; the stress-strain curve is presented in Figure 4.4-2. 

 

General Steel data  Comment 
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Density  7850 kg/m
3
  

Young’s modulus  2E5 MPa  

Poisson´s ratio 0,3  

SMYS – X60/X65 413/518 MPa Ref. /1/ 

UTS – X60/X65 518/610 MPa Ref. /1/ 

Tangent modulus 2100 MPa 
Common praxis, where the Young’s 

modulus is divided by a factor of 100 

Table C-1 General material data 

 

Mesh 

The mesh was set up using edge sizing method with element size 0.2 m. As can be seen in 

Figure C-2, all components have the same element size. 

 

 

Figure C-2 Settings and illustration of defined mesh 

Contact 

In this simulation three APDL command cards were used in order to manually define contact 

formulation between the riser and J-tube as well as between the wire and J-tube.  

Due to the fact that the system comprises of cylindrical objects it was concluded to use 

CONTA176 and TARGE170 element types for the entire system, for more information see 

Ref. /20/. This element type is defined by two nodes and is appropriate for 3D beam/pipe to 

beam/pipe structural contact examination. In the present case the contact for this type of 

element is presented in Figure C-3. 
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Figure C-3 Principle of used contact formulation 

 

Relevant key options were selected: 

 KEYOPT(3) – 2, corresponds to beam inside beam contact type 

 KEYOPT(5) – 4, setting for automatic initial closure factor 

 KEYOPT(6) – 2, makes an aggressive contact stiffness refinement 

 KEYOPT(9) – 1, excludes both initial geometrical penetration/gap and offset 

 KEYOPT(10) – 2, updates contact stiffness after each iteration 

 

Contact stiffness was set to 0.01 to minimize convergence issues. The friction between the 

riser and J-tube was set to 0.3 and between the wire and J-tube to 0.1.  

The external APDL code used in the simulation is presented below: 

 

Card 1: 

! SETTING UP RISER TO J-TUBE CONTACT 

! 

! USER NEEDS TO DEFINE CONTACT AND TARGET RADIUS 

! 

! TARGET RADIUS NEEDS TO BE NEGATIVE FOR PIPE IN PIPE CONTACT (SEE MANUAL FOR CONTA176) 

! 

! INNER PIPE AND OUTER PIPE MUST BE IDENTIFIED WITH NAMED SELECTION: OUTERPIPE AND 

INNERPIPE 

T_RAD=-0.330 ! TARGET RADIUS 

C_RAD=0.1615 ! CONTACT RADIUS 

*GET, MAX_ETYPE, ETYP, 0, NUM, MAX !FIND MAXIMUM ELEMENT TYPE 

 

*GET, MAX_RCON, RCON, 0, NUM, MAX !FIND MAXIMUM REAL CONSTANT SET NUMBER 

*GET, MAX_MATNUM, MAT, 0, NUM, MAX !FIND HIGHEST MATERIAL NUMBER DEFINED 

/PREP7 

ET_CONTA=MAX_ETYPE+1 

ET_TARGET=MAX_ETYPE+2 

R_PIPEINPIPE=MAX_RCON+1 

MP_PIPEINPIPE=MAX_MATNUM 

ET, ET_CONTA, 176 

KEYOPT, ET_CONTA,  6, 2 

KEYOPT, ET_CONTA, 10, 2 

KEYOPT, ET_CONTA,  3, 2 
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KEYOPT, ET_CONTA,  5, 4 

KEYOPT, ET_CONTA,  9, 1 

ET, ET_TARGET, 170 

R, R_PIPEINPIPE, T_RAD, C_RAD, 0.01 

MP, MU, MP_PIPEINPIPE, 0.3  ! FRICTION 

! CONTACT ELEMENTS: 

CMSEL, S, INNERPIPE 

NSLE 

TYPE, ET_CONTA 

REAL, R_PIPEINPIPE 

MAT, MP_PIPEINPIPE 

ESURF 

! TARGET ELEMENTS: 

CMSEL, S, OUTERPIPE 

NSLE 

TYPE, ET_TARGET 

ESURF 

ALLSEL 

/SOLU 

 

Card 2: 

! SETTING UP WIRE TO J-TUBE CONTACT 

! INNER PIPE AND OUTER PIPE MUST BE IDENTIFIED WITH NAMED SELECTION: OUTERPIPE AND 

INNERPIPE_2 

T_RAD=-0.330 ! TARGET RADIUS 

C_RAD=0.050 ! CONTACT RADIUS 

*GET, MAX_ETYPE, ETYP, 0, NUM, MAX !FIND MAXIMUM ELEMENT TYPE 

*GET, MAX_RCON, RCON, 0, NUM, MAX !FIND MAXIMUM REAL CONSTANT SET NUMBER 

*GET, MAX_MATNUM, MAT, 0, NUM, MAX !FIND HIGHEST MATERIAL NUMBER DEFINED 

/PREP7 

ET_CONTA=MAX_ETYPE+1 

ET_TARGET=MAX_ETYPE+2 

R_PIPEINPIPE=MAX_RCON+1 

MP_PIPEINPIPE=MAX_MATNUM 

ET, ET_CONTA, 176 

KEYOPT, ET_CONTA,  6, 2 

KEYOPT, ET_CONTA, 10, 2 

KEYOPT, ET_CONTA,  3, 2 

KEYOPT, ET_CONTA,  5, 4 

KEYOPT, ET_CONTA,  9, 1 

ET, ET_TARGET2, 170 

R, R_PIPEINPIPE2, T_RAD, C_RAD, 0.01 

MP, MU, MP_PIPEINPIPE2, 0.1  ! FRICTION 

! CONTACT ELEMENTS: 

CMSEL, S, INNERPIPE_2 

NSLE 

TYPE, ET_CONTA2 

REAL, R_PIPEINPIPE2 

MAT, MP_PIPEINPIPE2 

ESURF 

! TARGET ELEMENTS: 

CMSEL, S, OUTERPIPE 

NSLE 

TYPE, ET_TARGET2 

ESURF 

ALLSEL 

/SOLU 

 

Card 3: 

! An extra command card in order to get convergence, see Ref. /5/ for more information 

pred,off ! Predictor-Corrector Option, intended for the discretization in time, 

accelerates !the convergence  
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cnvtol,f,,0.01,1,0.01 ! Convergence criteria, default tolerances are set and L1 norm is   

!chosen in order to get convergence 

bcso,,incore ! Optimizing usage of cores and RAM memory 
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Boundary Conditions and Constraints 

Several constraints were defined for the geometry, where the J-tube is fixed along the 

horizontal and bend parts but vertical part was divided into nodes, representing anchor 

clamps, located at the same positions as Ref. /1/ report used. The riser and wire were 

constrained in z-direction but free in x and y (global coordinate system), the last node at the 

end of the riser, where the back-tension is present, was even constrained in y-direction. 

Prescribed displacement was defined at the top vertex of the wire, where pull-in starts at step 

2 with 30 m and is 80 m at step 3. The analyses settings were adjusted so that convergence 

could occur easier. As can be seen in Figure C-4, the total amount of steps were chosen to 3, 

with initial substeps value of 100, minimum substeps of 1 and maximum substeps of 1000, 

when tension in the wire/riser starting to adapt without any pull-in. At steps 2 to 3, when pull-

in is commenced, the initial substeps were set to 2000, minimum substeps 500 and maximum 

substeps 5000. Furthermore, the adjustments were made in nonlinear controls settings. At the 

first step, force convergence was set to 0.005 for tolerance and 0.01 as minimum reference, 

recommended values by Ref. /21/. Displacement convergence value was set as a default value 

and tolerance to 0.005 with minimum reference 0. At steps 2 and 3, the rotation convergence 

was removed and line search was activated.   

 

 

Figure C-4 Properties of set up for boundary conditions and analysis settings 
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APPENDIX D: ANSYS MIX OF 3D ELEMENTS AND LINE BODIES 

Geometry 

This is the most exact simulation, where all parts are modelled in the most realistic way, 

Figure D-1.  

 

 

Figure D-1 Illustration of the geometry used in the model 

 

Material 

The material was set as Bilinear Isotropic Hardening as in the other models. However the 

plasticity was only defined for the riser and wire, the J-tube was set to structural steel fully 

elastic material. 

 

Mesh 

 

 

Figure D-2 Schematics of defined mesh on the entire model 
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In Figure D-2 the properties and schematics of the defined mesh are illustrated. Hence, the J-

tube and seabed were created as shell elements and mapped face meshing was applied in order 

to smooth the mesh along the surfaces. Element size was set for the Riser and Wire to 0.2 m 

as well as for the J-tubes to 5 divisions along its circumference. The J-tube was also set to 

Quadrilateral Dominant property using Automatic Method.  

 

Contact 

 

 

Figure D-3 Illustration of contact pairs 

 

Three contact pairs were created, see Figure D-3. Two frictionless contacts were defined for 

wire to J-tube contact and for riser to seabed. The contact between riser and J-tube was 

defined as frictional with a coefficient factor of 0.3; other properties are presented in Table D-

1.  

 

Property Contact Pair 1 Contact Pair 1 Contact Pair 1 

Type Frictionless Frictional Frictionless 

Formulation Pure Penalty 
Augmented 

Lagrange 
Pure Penalty 

Normal Stiffness 

Factor 
0,01 0,01 0,01 

Update Stiffness Each Iteration Each Iteration Each Iteration 

Pinball Radius 0,2 m Default 0,1 m 

Interface Treatment 
Add Offset, 

Ramped Effects 

Add Offset, No 

Ramped Effects 

Add Offset, 

Ramped Effects 

Table D-1 Properties of contact pairs 

 

 

Boundary Conditions 
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A set of boundary conditions were applied in order to constrain the parts properly. Earth 

gravity, fixed support for the entire J-Tube and Seabed, pull-in length at the top vertex of the 

wire, Riser and Wire were constrained in translational z–direction as well as rotational around 

x– and y – directions. The back–tension was defined at the end vertex of Riser and on the 

same node a constraint in translational y – direction was applied. Predictor – corrector 

algorithm was deactivated, using APDL code, in order to let the solver go through all iteration 

steps, due to the highly non-linear process.  
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APPENDIX E: SIMLA MODEL 

 

Table E-1 shows the element types used in model 

 

 Type Description 
Element 

property type 
Material type Nodes 

Wire PIPE31 

3D beam 

constant 

axial strain and 

torsion 

Pipe Linear 2 

Riser/J-tube PIPE33 

3D beam 

constant 

axial strain and 

torsion 

Pipe Elastoplastic 2 

J-tube-to-riser 

J-tube-to-wire 
CONT126 

3D Seabed 

contact 

element (x and y 

force relative to 

last contact) 

--- 

n-dir: 

CONTACT; 

s/t-dir: 

EPCURVE, 

HYCRUVE 

1 

Bell-mouth CONT130 
3D Bell-mouth 

contact element 
Bell-mouth 

n-dir: 

CONTACT or 

ISOCONTACT; 

s/t-dir: 

EPCURVE, 

HYCURVE 

1 (3) 

Sea SEA150 Sea element --- Sea 4 

Table E-1 Element types used in modeling and their material properties 

 

 

 

 

 

 

 

 

Table E-2 shows material properties. 
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Material Type 
Density 

[kg/m
3
] 

Yield strength 

[MPa] 

Young’s modulus 

[GPa] 

Pipeline elastoplastic 7850 518 210 

Wire linear 7850 --- 207 

J-tube linear 7850 --- 210 

Sea sea 1025 --- --- 

Table E-2 Material set up for simulation 

 

Contact characteristics are shown in Table E-3. 

Contact Type x-direction y-direction z-direction 
Coefficient of 

friction 

All-to-seabed contact 
elastoplastic 

curve 

elastoplastic 

curve 

hyperelastic 

curve 
0.5 

J-tube-to-pipe isocontact 
elastoplastic 

curve 
--- 

hyperelastic 

curve 
0.3 

J-tube-to-wire isocontact 
elastoplastic 

curve 
--- 

hyperelastic 

curve 
0.3 

Table E-3 Characteristics of different contacts 
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APPENDIX F: SIMLA BC 

 

Autostart 

Tables F-1 and F-2 show BC for the autostart file.   

 

Segment  Boundary conditions 

Pipeline The initial node is fixed globally in torsion w.r.t. x-direction 

Wire & J-tube 

The initial node is fixed globally in x- and y-directions 

The initial node is fixed globally in torsion w.r.t. x- and z-directions 

Sea surface Every node in three directions are fixed 

Table F-1 Boundary conditions of the structure defined in the autostart file 

 

Segment  Constraints 

Pipeline Constraint equation function is applied to the final node in three directions 

Wire & J-tube 

Prescribed displacement at initial node as well as several oncoming nodes, 

up to the final one, which is done by twisting the geometry  

w.r.t. y-direction in order to achieve the requested J-shape 

First nodes are constrained globally, whereas the rest are locally 

The arrangement is displaced in z-direction to the certain position, in order 

to achieve the suitable distance between the seabed and the bell-mouth 

Table F-2 Constraints of the structure defined in the autostart file 

 

 

 

 

Restart 1 

Tables F-3 and F-4 show BC for restart 1 file. 

Segment  Boundary conditions 
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Wire 

Fixed at last node in x- and y-directions 

Fixed at every fifth node in x-direction 

J-tube 

Fixed at every node in every direction from bell-mouth up to a 59 m above 

the seabed 

Fixed at specific nodes in every direction 

Sea surface Every node in three directions are fixed 

Table F-3 Boundary conditions of the structure defined in the first restart file 

 

Segment  Constraints 

Pipeline Constraint equation function is applied to the final node in three directions 

Wire Prescribed displacement at last node in z-direction 

Table F-4 Constraints of the structure defined in restart 1 file 

 

Restart 2 

Table F-5 shows BC for restart 2 file. 

 

Segment  Boundary conditions 

Pipeline Fixed at initial node globally in torsion w.r.t. x-direction 

Wire 

Fixed at last node in x- and y-directions 

Fixed at last node globally in torsion w.r.t. z-direction 

Fixed at every fifth node in x-direction 

J-tube 

Fixed at every node in every direction from bell-mouth up to a 59 m 

above the seabed 

Fixed at specific nodes in every direction 

Sea surface Every node in three directions are fixed 

Table F-5 Boundary conditions of the structure defined in the restart 2 file 

Table F-6 shows BC for restart 3 file. 
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Restart 3 

 

Segment  Boundary conditions 

Pipeline 

Fixed at initial node globally in torsion w.r.t. x-direction 

Fixed at every node in y-direction 

Wire 

Fixed at last node in x- and y-directions 

Fixed at final node globally in torsion w.r.t. z-direction 

Fixed at every node in y-direction 

Fixed at the whole vertical part in x- and y-directions 

J-tube 

Fixed at every node in every direction from bell-mouth up to a 59 m 

above the seabed 

Fixed at specific nodes in every direction 

Sea surface Every node in three directions are fixed 

Table F-6 Boundary conditions of the structure defined in the restart 3 file 
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APPENDIX G: MATLAB SCRIPT, ANALYTICAL APPROACH 

clear all; clc; close all; 

Tbacktension = 165000; 

E = 210e9; 

R = 20; 

D = 631.4e-3; 

d = 323.8e-3; 

sigma0 = 518e6; 

dm = 309.5e-3; 

t = 14.3e-3; 

alpha1 = 1.7*pi/180; 

alpha2 = 85.8*pi/180 + alpha1; 

phi = 2.5*pi/180; 

mup = 0.3; 

muc = 0; 

mupp = 0.3; 

W = 236.4210; 

L1 = 22.131; 

  

P1 = Tbacktension*exp(muc*(alpha2-alpha1)); 

disp(['Pull force at step 1: ', num2str(P1/1e3), ' [kN]']) 

P2 = (Tbacktension + mup*W*L1*cos(pi/2-alpha2) + W*L1*sin(pi/2-

alpha2))*exp(muc*(alpha2-alpha1)); 

disp(['Pull force at step 2: ', num2str(P2/1e3), ' [kN]']) 

  

M0 = pi/4*sigma0*dm^2*t; 

Mp = sigma0*dm^2*t; 

M = M0+Mp; 

e0 = sigma0/E; 

  

alpha = 0.1; 

beta = 80;  

  

l1 = sqrt(((R+D)^2-(R+d)^2)/(1-2*e0*alpha*(M/M0)*(R+d)/dm)); 

tao = asin(l1/(R+D)); 

theta0 = acos(R/(R+D-d/2)); 
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L = abs(sqrt((d-D)/(e0*alpha/dm*(M/M0)-

e0*beta/dm*(M/M0)+(R+D)/2*(e0*beta/dm*(M/M0))^2))); 

  

theta = L*e0*beta*(M/M0)/dm; 

  

beta1 = alpha2 - theta; 

beta2 = phi + tao; 

  

Ffric_pipe = mup*W*L1*cos(pi/2-alpha2); 

T1 = Tbacktension + Ffric_pipe + W*L1*sin(pi/2-alpha2); 

T2 = T1*exp(-mup*(beta2-beta1)) - W*R*(sin(beta2)-sin(beta1)*exp(-

muc*(beta2-beta1))); 

  

gamma2 = phi - theta0;  

gamma1 = alpha1; 

  

P3 = ((M/R + (mupp+mup)*(M/l1)/(cos(tao)-0.3*sin(tao))+T2)/(1 + 

(mupp+mup)*sin(tao+theta0)/(cos(tao)-mupp*sin(tao))))*exp(muc*(gamma2-

gamma1)); 

disp(['Pull force at step 3: ', num2str(P3/1e3), ' [kN]']) 

  

C1 = (d/R - sigma0/E)^-1; 

C2 = (d/R - 2*sigma0/(3*E))^-1; 

l2 = d*sqrt(2*C1*(D/d-1)/((2-C1/C2) - (R/d + D/d)/C1)); 

Rp = d/(d/R - 2*sigma0/E); 

  

P4 = (M/Rp + 2*mup*M/l2 + T2)/(1 + 2*mup*(D-d)/l2); 

disp(['Pull force at step 4: ', num2str(P4/1e3), ' [kN]']) 

  

l3 = sqrt((D-d-l1^2/Rp*((1-M0/M)^2/3-0.5*(M0/M)^2))/(1/(2*Rp)-

e0*alpha*(M/M0)/d)); 

Wr1 = W*15/(cos(1.7*pi/180)); 

  

P5 = (2*M/Rp+(mupp+mup)*M/l3+2*mup*M/l2+T2+Wr1)/(1+((mupp+mup)*(D-

d))/l3+(2*mup*(D-d))/l2); 

disp(['Pull force at step 5: ', num2str(P5/1e3), ' [kN]']) 

  

h = 231; 
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Wr2 = W*h/(cos(1.7*pi/180)); 

P6 = (2*M/Rp+(mupp+mup)*M/l3+2*mup*M/l2+T2+Wr2)/(1+((mupp+mup)*(D-

d))/l3+(2*mup*(D-d))/l2);    

disp(['Pull force at step 6: ', num2str(P6/1e3), ' [kN]']) 

APPENDIX H: MATLAB SCRIPT MISC 

 

Ramberg-Osgood Approximation Curve  

 
clear all; clc; close all; 

 
E = 210e9; 
sigmay = 518e6; 
epsilony = sigmay/E; 
epsilon = 0:0.004:0.18; 
sigma = linspace(0,610e6,length(epsilon)); 
alpha = 0.1; 
beta = 80; 

  
epsilonx = sigma./E + alpha.*sigma/E.*(sigma./sigmay).^beta; 
epsilon23 = [0 
0.002466667 
0.006466667 
0.010466667 
0.014466667 
0.018466667 
0.022466667 
0.026466667 
0.030466667 
0.034466667 
0.038466667 
0.042466667 
0.046466667 
0.050466667 
0.054466667 
0.058466667 
0.062466667 
0.066466667 
0.070466667 
0.074466667 
0.078466667 
0.082466667 
0.086466667 
0.090466667 
0.094466667 
0.098466667 
0.102466667 
0.106466667 
0.110466667 
0.114466667 
0.118466667 
0.122466667 
0.126466667 



 

J-Tube Pull-in of Rigid Risers 

 

Rev 

 
Page 

87(91) 

Date 

2014-12-01 
Sign 

 

 

 

0.130466667 
0.134466667 
0.138466667 
0.142466667 
0.146466667 
0.150466667 
0.154466667 
0.158466667 
0.162466667 
0.166466667 
0.170466667 
0.174466667 
0.18]'; 

  
sigmareal = [0 
518 
520.0728502 
522.1457003 
524.2185505 
526.2914007 
528.3642508 
530.437101 
532.5099512 
534.5828014 
536.6556515 
538.7285017 
540.8013519 
542.874202 
544.9470522 
547.0199024 
549.0927525 
551.1656027 
553.2384529 
555.311303 
557.3841532 
559.4570034 
561.5298535 
563.6027037 
565.6755539 
567.7484041 
569.8212542 
571.8941044 
573.9669546 
576.0398047 
578.1126549 
580.1855051 
582.2583552 
584.3312054 
586.4040556 
588.4769057 
590.5497559 
592.6226061 
594.6954563 
596.7683064 
598.8411566 
600.9140068 
602.9868569 
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605.0597071 
607.1325573 
610]*1e6; 

  
[xout, yout] = intersections(epsilonx,sigma/1e6,epsilon23,sigmareal/1e6,1) 
ff = find(epsilon<=xout(end)); 
difference = epsilon23(1,ff+1)-epsilonx(1,ff+1); 
rmse = rms(difference); 
disp(['Root Mean Square Error: ', num2str(rmse)]) 

  
plot(epsilonx, sigma/1e6, 'r', epsilon23, sigmareal/1e6, 'b', xout, yout, 

'o k'), grid on 
xlabel('Tot. Strain %'), ylabel('Stress [MPa]') 
legend( 'Ramberg-Osgood', 'Isotropic Linear Hardening', 'Intersection 

Points, max 555 MPa') 
axis([0, 0.1, 0, 630]) 

 

Strain PIP, Model 1 

clear all; clc; close all; 

fileID = fopen('Displacement_strain.txt'); 

disp_tot = textscan(fileID, '%f'); 

fclose(fileID); 

  

fileID = fopen('Displacement_strain_plast.txt'); 

disp_plast = textscan(fileID, '%f'); 

fclose(fileID); 

  

fileID2 = fopen('strain_tot.txt'); 

strain_tot = textscan(fileID2, '%f'); 

fclose(fileID2); 

  

fileID2 = fopen('strain_plast.txt'); 

strain_plast = textscan(fileID2, '%f'); 

fclose(fileID2); 

  

subplot(2, 1, 1); 

plot(disp_tot{:,1}, strain_tot{:,1}*100, 'b', 29.432, .25, 'o k', 

30.91,9.0311e-001, 'o r'), grid on, box on 

xlabel('Pull-in length [m]'),ylabel('Strain %') 

legend('Total Strain','Yielding Strain: 0.25%', 'Maximum: 0.90') 

axis([0, 73, 0, 0.95]) 

subplot(2, 1, 2); 

plot(disp_plast{:,1}, strain_plast{:,1}*100, 'b', 29.432, .25, 'o k', 
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30.515, 7.1612e-001, 'o r'), grid on 

xlabel('Pull-in length [m]'),ylabel('Strain %') 

legend('Plastic Strain','Initial Plasticity: 0.25%','Maximum: 0.72%') 

axis([0, 73, 0, 0.8]) 

 

Pull-Force Monobore, Model 1 
clear all; clc; close all; 

  
fileID = fopen('Displacement.txt'); 
disp = textscan(fileID, '%f'); 
fclose(fileID); 

  
fileID2 = fopen('forceX.txt'); 
forceX = textscan(fileID2, '%f'); 
fclose(fileID2); 

  
fileID3 = fopen('forceY.txt'); 
forceY = textscan(fileID3, '%f'); 
fclose(fileID3); 

  
force = sqrt((2*forceX{:,1}).^2 + (2*forceY{:,1}).^2); 
forcep = [force(:,1)', force(end,1)+236*24.1*9.81, 

force(end,1)+236*24.1*9.81-8e3]; 

  
plot(disp{:,1}, forcep/1e3, 'b', 306, forcep(end-1)/1e3, 'o k'), grid on 
xlabel('Displacement [m]'),ylabel('Force [kN]') 
axis([0, 315, 0, 600]) 
legend('Pull-force', 'Maximum Force 558 [kN]') 

 

 

Pull-Force PIP, Model 1 

clear all; clc; close all; 

fileID = fopen('Displacement.txt'); 

disp = textscan(fileID, '%f'); 

fclose(fileID); 

  

fileID2 = fopen('forceX.txt'); 

forceX = textscan(fileID2, '%f'); 

fclose(fileID2); 

  

fileID3 = fopen('forceY.txt'); 

forceY = textscan(fileID3, '%f'); 

fclose(fileID3); 

  

force = sqrt((2*forceX{:,1}).^2 + (2*forceY{:,1}).^2); 
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forcep = force(:,1)'; 

extraF = [538180.000335715, 538180.000335715+179.1361e3, 

538180.000335715+179.1361e3-10e3]; 

extraD = [70.664, 306, 308]; 

  

plot(disp{:,1}, forcep/1e3, 'b', 306, max(extraF)/1e3, 'o k'), grid on, 

hold on 

plot(extraD, extraF/1e3, '--b') 

xlabel('Pull-in length [m]'),ylabel('Force [kN]') 

axis([0, 315, 0, 800]) 

legend('Pull-in force', 'Maximum pull-in force 717 kN') 

 

Pull-Force Monobore, Model 2 
clear all; clc; close all; 

  
fileID = fopen('Displacement.txt'); 
time = textscan(fileID, '%f'); 
fclose(fileID); 

  
fileID2 = fopen('Axial_force.txt'); 
forceX = textscan(fileID2, '%f'); 
fclose(fileID2); 

  
plot(time{:,1}, forceX{:,1}/1e3, 'b'), grid on, hold on 
xlabel('Displacement [m]'),ylabel('Force [kN]') 
axis([0, 90, 0, 200]) 

 

Pull-Force Monobore, Model 3 
clear all; clc; close all; 

  
fileID = fopen('Axial_force.txt'); 
axforce = textscan(fileID, '%f'); 
fclose(fileID); 

  
fileID = fopen('Displacement.txt'); 
disp = textscan(fileID, '%f'); 
fclose(fileID); 

  
plot(disp{:,1}, axforce{:,1}/1e3, 'b', 116.48, max(axforce{:,1})/1e3, 'o 

k'), grid on 
xlabel('Displacement [m]'),ylabel('Force [kN]') 
axis([0, 120, 0, 6000]) 
legend('Pull-force', 'Maximum Force 5550 [kN]') 
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