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Efficiency and Economy of y y
Automating Displacements for 

FPSO Pipe Stress Analysis.
Bob Robleto & Jim Williams

Pipe Stress Considerations on an FPSO

Because Floating Production, Storage, and Offloading (FPSO) modules 
experience significant deflections from wave motion and deck bending. On 
board piping must be analyzed to assure that it is suitably designed for high 
cycle fatigue. This is done using the Palmgren-Miner rule by keeping 
accumulated damage to a value less than 1 0 from deflections occurring duringaccumulated damage to a value less than 1.0 from deflections occurring during 
transportation from ship yard to final mooring, hog and sag due to cargo 
transfer, thermal displacements due to operation, wind, and wave loading. 

In order to simplify the acceptance criteria, it is very beneficial to convert 
accumulated damage into an allowable stress range so that pipe stress 
engineers can evaluate fatigue in a manner similar to ASME B31.3 stress 
range. This is not discussed in detail here, but can be done using methods from 
PD5500, DVN publications and the Fatigue Handbook: Offshore Steel , p g
Structures Probabilistic Fracture Mechanics; Tapir 1985. 

.



5/28/2010

2

Pipe Stress Considerations on an FPSO

Fatigue allowable - example. This will eventually  be replaced by ASME B31.3 
App W methods.

Ship Motion – Hog & Sag

To consider the effects of deck bending and module sway hull deflection data is 
used to compute displacements at restraint points in the pipe stress analysis 
model. Multiple loading cases require this process to be repeated for each 
loading case being considered. Following are illustrations of the ship motions 
that are analyzedthat are analyzed.
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Ship Motion – wave action
pitch & roll;  surge & heave; sway & yaw; list and trim

Pipe Stress Considerations on an FPSO

An FPSO analysis normally requires 7 loading cases to accumulate fatigue 
damage:

1. Thermal
2. Sustained weight & pressure2. Sustained weight & pressure
3. Hog/sag 
4. Wind
5. On-site wave loading
6. In-transit wave loading
7. Extreme loading case; hurricane or peak wave
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Utilize Hull Data to Compute Module 
Displacements

Hull Data is used as the starting point for obtaining the displacements for the 
loading conditions to be analyzed. This data is usually in tabular form 
containing hull displacements and associated moments for low cycle events 
such as loading and unloading and high cycle events where the displacements 
of the hull are at a maximum or minimum for a 100 year storm Below is aof the hull are at a maximum or minimum for a 100 year storm. Below is a 
sample excerpt from a table in a naval architects report. 

Utilize Hull Data to Compute Module 
Displacements

This data can be curve fit to provide deck deflections and rotations along the 
length of the vessel using Roark’s beam formula.

Using simple boundary conditions, integration constants can be computed and 
subsequent integration provides slopes and deflections at any point on the 
deck. This results in much smoother data steps than table lookups and 
interpolations can provide
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interpolations can provide. 

Using the computed deck motion and structural mechanics we can compute 
module deflections for any point along the deck or in a module.
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Create a Pipe Stress Model and 
Locate Restraints

The Pipe Stress engineer must first create a Caesar II input file. This can be 
done most efficiently using a PDMS to Caesar interface to automatically create 
a Caesar II neutral file for import or it can be entered manually from a 3D model 
extract or isometrics. 

The preferred restraint nodes are identified and directional restraints are 
applied to the node with a corresponding connect node. The connect node will 
contain the displacement data that is computed by the displacement generator.

Sample Caesar II Stress Isometric
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Export the Caesar II Geometry

After the Caesar II model is complete and back checked it’s time to export the 
neutral file. This is done using the external interface feature in the Caesar II 
menu as shown below.

Sample Neutral File
The neutral file is a text file echo of the input. The original geometry with the 
restraints is used to create the input neutral file. A sample displacement section 
of a neutral file before and after processing is shown below. In this format 
9999.99 represents a blank field.
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Generating Displacements at 
Restraints

The next step is to process the neutral file using an EXCEL macro that reads 
the file and replaces the blank displacements on the connect nodes with actual 
module deflections based on the restraints’ three dimensional coordinates 
relative to the ships origin. 

Generating Displacements at 
Restraints

Enter the calculation number, node, and ship coordinates to enable the 
displacement generator to compute displacements. 
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Generating Displacements at 
Restraints

After the file is loaded and the analyst is satisfied that it’s correct he processes 
the file to compute displacements. 

Re-import Neutral File into Caesar II 
for Analysis

The next step is to re-import the neutral file into Caesar II for analysis. This is 
done using the Caesar II import utility. This new file complete with 
displacements replaces the previously exported filedisplacements replaces the previously exported file.
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Re-import Neutral File into Caesar II 
for Analysis

Following is an example of a converted Caesar II file with imported 
displacements.

Re-imported Neutral File 
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Summary

By applying a significant amount of automation substantial schedule time and 
cost savings can be achieved by the pipe stress group for both engineering 
contractor and ownercontractor and owner.

Questions?


