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Unravelling PSI design ranges
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Unravelling PSI design ranges
• Consolidation hardening
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Unravelling PSI design ranges
• Consolidation hardening

• Self-burial
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Unravelling PSI design ranges
• Consolidation hardening

• Self-burial

• Spatial variability
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Axial PSI: General Model
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(Partial) Consolidation Hardening
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Consolidation Hardening: FEA
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Consolidation Hardening: Experiment
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Example: Downslope ‘Walking’ 

Typical ‘short’ flowline
on 3 seabed slope.
SAGE-Profile 3D 
software.

Pipeline, Bathymetry and Operating Parameters Value
Pipeline diameter (m) 0.3

Pipeline length (m) 4000
Wall thickness (mm) 25

Submerged operating weight, W'op (kN/m) 1.5
Seabed slope, (°) 3

Temperature range (startup to shutdown), T (°) 80

Soil and PSI Parameters Value

Undrained axial friction factor, FA/W'op = ud 0.4
Drained axial friction factor, FA/W'op = d 0.8

Mobilization distance, xmob (mm) 10
Volumetric stiffness ratio, / 0.1

Coefficient of consolidation, cv (m2/yr) 0.2White et al. (2015)

Limiting Axial Friction Cases
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Consolidation Hardening: Field?

(m
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Hill & White (2015)
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Unravelling PSI design ranges
• Consolidation hardening

• Self-burial
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As-laid condition

Leckie et al. (2015)
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Intermittent self-burial and spanning

Leckie et al. (2015)
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0.0002 m/s2

1 m/s after 5000 s. Impact on temperature profile

50°C

0.65D
Simon Leckie, Erich Zakarian
OMAE 2015-42216
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Unravelling PSI design ranges
• Consolidation hardening

• Self-burial

• Spatial variability
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Buckle initiation force variability
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More tolerable design frictions

Roberts & Taavale (OTC 2014)
See also: 
Gerginov et al. (OMAE 2014), Bruton & Carr (OPT 2015)
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Concluding comments

• Design pipe-soil friction ranges mask temporal and spatial effects

• Consolidation hardening – rise in axial friction
• Potential reduction in pipeline walking

• Self-burial – increase in thermal insulation and stability
• Potential improvement in corrosion and/or flow assurance
• Potential reduction in (secondary) stabilisation measures

• Spatial variability
• Less onerous buckling design via better PSI characterisation
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