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Abstract. Deepwater pipelines are designed to withstand, without collapsing, the external pressure 
and bending imposed on them, either by the laying process or by the topology of the sea bottom. In 
previous publications CINI researchers have developed finite element models to predict collapse loads 
and collapse propagation loads. 
Large diameter pipes for onshore and offshore applications are manufactured using the UOE process. 
The manufacturing process consists in the cold forming of heavy plates followed by welding and then 
by an expansion. First the plate is pressed along its edges, formed into a U-shape and then pressed 
into an O-shape between two semicircular dies. Afterwards the pipe is welded by SAW process and 
finally is expanded. 
In this paper we develop a 2D finite element model to simulate the UOE process and the structural 
behavior of the formed pipes in external pressure collapse tests. Using the developed model we can 
analyze the effects of the process parameters in each forming step on the final geometry and structural 
properties of the pipe.  



 

1 INTRODUCTION 

The UOE process is composed by a cold forming stage, then the SAW welding and finally 
an expansion. During the forming stage the plate edges are bent into a circular shape using a 
press; afterwards the plate is formed in the “U” press followed by the forming in the “O” 
press. Then the formed plate is welded, using the SAW process, to produce a pipe. Finally this 
welded pipe is expanded with a mechanical expander. This manufacturing process introduces 
plastic deformations and residual stresses in the initial unstrained plate material.  

A 2D finite element model is developed to describe the UOE process. The data that we use 
for the model input is obtained from CONFAB specifications (process and tooling).  

The manufacture processes of a 12.75” OD 0.5” WT X60 and of a 18.0” OD 1.0” WT X60 
UOE welded pipes are modeled.  

A sensitivity analysis aimed at the investigation of the effects of the steel’s strain hardening 
and of some process parameters on the pipes structural behavior is performed using the 
developed finite element model.  

We compare the numerical results with the experimental ones obtained at C-FER 
Technologies (Edmonton, Alberta, Canada). 

2 FINITE ELEMENT MODEL 

For the numerical simulation of the UOE process, a finite element model using the Q1-P0 
plane strain element in the ADINA general-purpose code (ADINA SYSTEM, K.J. Bathe, 
1996) was developed. The numerical model was developed using a material and geometrical 
nonlinear formulation, taking into account large displacements/rotations but small strains 
(K.J. Bathe, 1996). Regarding the elasto-plastic material model, we use the von Mises 
associated plasticity model with a linear kinematic hardening.  

During the collapse tests performed at C-FER the tensile / compressive hoop yield stresses 
were determined for fibers located close to the OD and ID respectively. Hence, we use as the 
yield stress of the unstrained material: 
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Where y
+σ̂  is the internal diameter sample, tensile test; y

−σ̂  the internal diameter sample, 

compressive test; y
+σ(  the external diameter sample, tensile test and y

−σ(  the external diameter 
sample, compressive test (see Figure1). 

The forming tools are modeled as rigid bodies and we use a sliding nodes contact algorithm 
to simulate the contact between the tools and the plates (ADINA SYSTEM, K.J. Bathe, 1996). 
Symmetry conditions are considered for the model. The plate is modeled with 4 elements 
through the thickness and 100 elements along the width, for the 12.75” OD pipe, while for the 
18” OD pipe the amount of elements along the length is 155 (see Figure 2). Since the 
objective of our model is to determine the effect of the forming process on the external 
collapse pressure of the pipes, we established the mesh to be used using the simple test 
reported in Figure 3. 
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Figure 1. Material model. 

 
PIPE Width [mm] Wt  [mm] 

12.75” OD 0.5” WT X60 488.75 12.7 
18” OD 1” WT X60 678.27 25.4 

Figure 2. Plate dimensions. 
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18” OD pipe 

Figure 3. Effect of the finite element discretization on the external collapse pressure of a pipe 

3 TOOLING 

The first step of the manufacturing process is the edge press, during this process, the upper 
tool is fixed and the lower tool is moved in the Z direction. Figure 4 shows a representation of 
the real process vs. the FEM model.  

Then the forming process continues with the “U” press, where the plate is formed into a U-
shape (see Figure 5).  

Afterwards, the forming process continues in the “O” press, where circumferential 
compression is applied to form an O-shape. To achieve this, two semi-cylindrical dies press 
the U-shape. Figure 6 compares the actual process with the FEM model.  

At the point of maximum compression, the nodes of the pipe are fixed in the horizontal 
edge at the symmetrical axis. This is the way that the welding process is simulated. 
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Finally, a radial expansion is applied in order to obtain the final shape of the pipe. An 
internal mandrel with eight expansion segments is used for the OD 12.75” – WT 0.5” pipe and 
ten expansion segments for the OD 18” – WT 1” pipe. The segments move in radial direction, 
and expand so as to obtain the nominal perimeter when the load is released. Figure 7 
compares the actual process with the FEM model. 

 

 

 

 
 

 

 

 

 
 

Figure 4. Edge press: real process and FEM model 

 

 

A) The pear goes down in the middle of the plate and pushes it up to contact the roller 

 

 

B)  The pear continues going down up to a distance from the base that equals the 
plate thickness 
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C) The pear and the base go down together, keeping a distance of one plate thickness 
between them. So the roller starts moving to the symmetry axis 

 

 

D) The pear moves to its limit and the load is released; then the plate is formed into an 
“U” shape 

Figure 5. “U” Press: actual process and FEM model 

 
 

A) The press starts pressing 

 
 

B) Maximum compression up to near 1.0% lower than the final diameter of the pipe 




