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Fixed Platform 
(suited for water depth up to 1,700 

ft)

Floating Production Storage and 
Offloading  (FPSO)Vessels

(Effective for deepwater)

Oil PlatformsOil Platforms
Fixed platform: since the 1950s

Floating production system: since 1970s



RisersRisers

Riser

FPSO

The risers are the interface system between structure on the ocean 
floor and the FPSO structure at the ocean’s surface

The main function of the riser: convey fluids between ocean wells 
and the FPSO

Fatigue Damage:

Cessation of production

Spillage and pollutions 

Fatigue Loading:

Wave response

Low frequency response

Vortex-induced vibration

Installation, thermal, etc.



Fatigue Analysis of RisersFatigue Analysis of Risers--GeneralGeneral
Two phases of fatigue life: crack initiation, crack propagation. 

Two types of components:

un-welded components: crack initiation period takes over 95% of 
the total fatigue life. 

welded joints: The crack propagation period represents the bulk of 
the total fatigue life. 

Fatigue Criterion:
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:Accumulated fatigue damage

:Design fatigue factor, 3, 6 or 10 depends on the safety 
classes low, normal or high



LongLong--term Fatigue Damageterm Fatigue Damage
Procedure:

Divide all sea current state data into a number of representative 
blocks

Use a single sea state to represent all the sea-state within one 
block. The probabilities of occurrence for all sea-states within the 
block are lumped to the selected sea-state. 

Note: The selected sea-state should give equal or greater damage 
than all the original sea-state with the block.

The long-term fatigue damage is equal to the weighted 
summation of all short-term fatigue damage
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: Long-term fatigue damage
: Number of single sea-state, number of blocks of sea-state
: Short-term fatigue damage
: Sea-state probability



Example of Lumped SeaExample of Lumped Sea--State State 



ShortShort--term Fatigue: Sterm Fatigue: S--N Curve ApproachN Curve Approach
Linear S-N curve:

N       : Number of stress cycles to failure
S       : Constant stress range

: Empirical constants estimated by experiments

Palmgren-Miner rule

The number of stress cycles with stress range 
: The number of stress cycles to failure with stress range 
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T : Design life time in year 
: Mean frequency of stress cycles
: Probability density function for stress cycles



Bilinear SBilinear S--N Curve ApproachN Curve Approach
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Bilinear S-N curve:

Palmgren-Miner rule
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Fatigue StressesFatigue Stresses
The stress considered for riser fatigue damage is the cyclic principal 
stress.
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,         : bending moments 
about the local y and z axes

At least 8 points along the 
circumference needs to be 
analyzed.

Pipe wall thickness:
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normfat tt = Before installation

After installation



Uncertainties of Fatigue EstimateUncertainties of Fatigue Estimate
Many factors associate with riser fatigue analysis, including the input 
variables (drag coefficient, pipe wall thickness, etc.), are stochastic in 
nature



Risk based fatigue analysis by using Risk based fatigue analysis by using 
Monte Carlo simulationMonte Carlo simulation
Monte Carlo Simulation

(1) Establish the probabilistic model (mode type, mean and 
standard deviation ) for each independent basic input variables,
such as the pipe wall thickness

(2) Sampling probability distribution to obtain point estimate for each 
independent input variable

(3) Calculate dependent and then output variables

(4) Do loop for sets 2-3 (typically more than 100,000 times for 
satisfied accuracy)

(5) Post-process results to obtain probabilistic distribution of the 
output.



ExampleExample--probability curveprobability curve

Years

Fatigue 
failure 
probability 
(time some 
scale)



Summary Summary 

Fatigue damage estimation is critical important for riser design 
and analysis

The procedures and considerations are very complex

Bilinear S-N curve and Miner rule are the typical approach

Fatigue damage and fatigue life can be estimated by using the 
mean value of the input variables

Probability of fatigue failure can be estimated by the stochastic 
model of the input variables and Monte Carlo simulation
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