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Introduction 
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› Why is this discussion relevant?

› Bridge the understanding of steel designers and geotechnical engineers!

› Acknowledgement: Ole Møller, PAA



Geotechnical considerations
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› We need to assure compliance between earth pressure theory and deformation 
requirements.

› Is it a problem?

› No

› Maybe

› Yes
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Jørgen Brinch Hansen Failure Modes
Dansk spuns– og rammedag, d. 10.06.2015 Prepared by Peter Northved Elf-Lind

Easy to verify adequate load bearing capacity.
Difficult to verify adequate load 

bearing capacity due to large rotation.



Mobilization of Plastic Earth Pressures
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Conservative ratio magnitudes?

Conservative ratio magnitudes?



Mobilization of Plastic Earth Pressures – Failure Modes
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Simplified/conservative 
approach to assessment of 
soil deformations



Plastic design model for class 3 (and 4)
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› Use of pseudo-plastic design models for Class 1, 2, 3 (and 4)

› Corrections due to corrosion, water pressures, …



Design Principles
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Cross sections are considered with plastic normal stress distribution regardless of 
the cross section class according to the principles shown below:

Mpl  ok Rot. cap.  ok

Mpl  ok Rot. cap.  ρC

Mpl  ρC Rot. cap.  ρC

Mpl  ρC Rot. cap.  ρC



Rotation Capacity
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Criteria:



Residual Bending Moment Capacity
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The residual bending moment capacity depends on: 

1. The design plastic rotation angle, ΦCd. 

2. The non-dimensional slenderness, b/tf/ε (increases due to corrosion).

ρc = 85%  85 % Mpl,Rd ~ Wel/Wpl. If lower residual bending moment capacity, the code
does not provide information hereof meaning that profiles assigned to cross section class 4 
are omitted.



Residual Bending Moment Capacity - Continued
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Considering the non-dimensional slenderness, b/tf/ε, only:



Residual Bending Moment Capacity - Example
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I / II III IVCross section class:



Corrosion Rates

2 JUNE 2014

COWI POWERPOINT PRESENTATION14

Dansk spuns– og rammedag, d. 10.06.2015 Prepared by Peter Northved Elf-Lind

Increase of non-dimensional slenderness due to corrosion impact according to DS/EN 1993-
5, Table 4-1 (piles in soils, with or without groundwater – to the left) and Table 4-2 (piles in 
fresh water or in sea water – to the right):



Reduction af yield strength due to differential water 
pressure

2 JUNE 2014

COWI POWERPOINT PRESENTATION15

Dansk spuns– og rammedag, d. 10.06.2015 Prepared by Peter Northved Elf-Lind

• The impact on steel
sheet pile wall result in
bending about vertical
axis (biaxial bending).

• Considered at max.
bending.

• Usually, the yield
strength reduction factor,
P ≥ 0.95



Reduction af yield strength due to differential water 
pressure - Continued
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Skew Bending and  - Factors
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The  - factors are multiplied to respectively: 

• the moment of inertia
• plastic section modulus



Cross Section Analysis (ULS)
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The presence of the design plastic rotation angle, ΦCd, the non-dimensional 
slenderness, b/tf/ε, differential water pressure* and skew bending ( - factor) is 
presented below (here: for bending only):

*P is omitted from the formulas in DS/EN 1993-5. Should be multiplied to the 
expression.



Cross Section Analysis (ULS) - Continued
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The mentioned presences only have influence on the bending moment capacity 
– even at combinations of section forces (here examplified with combined 
bending moment, shear* – and normal force):

*It is assumed that the relative shear force utilization does not exceed 50%.



Member Analysis (ULS)
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Axial loaded* elements should

be studied for column buckling: 

If the following criterion is satisfied, 

the member analysis may be omitted:

Otherwise, the following

criterion should be satisfied:

*For axial loadings, tangential earth pressures are omitted from the sheet pile wall design 
calculations to simplify the design procedure. Relevant for e.g. bridges vertically supported
by sheet pile walls.
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TP 50 – semi-automated design procedure

› Use WIN Spooks design program

› Transfer output to Excel-design sheets

› Verification of

› rotational capacity

› member capacity based on pseudo-plastic approach

› reduction of bending capacity from rotation

› corrosion allowance, differential water pressures

› reduction for utilisation ratio in normal loading and shear loading

› global capacity check



Example – Sheet Pile Wall Analyses (New Approach)
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+29.2

+39.0

Differential 
water 

pressure

+31.57



Example – Sheet Pile Wall Analyses (Old Approach)
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Comparison of "new approach" and
"old approach".

Comparison made respecting the
flange thickness only. The ratio, r,
is obviously larger using the
equivalent thicknesses of
respectively the web – and flange
thickness.



Conclusions
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› Semi-automated design procedure is implemented successfully 

› Plastic design of class 3 profiles can lead to savings compared to elastic design 
model.

› Soil deformations may be evaluated by simplified/conservative approaches 
based on Eurocode 7 recommendations.

› Especially for projects where the selection of profile is governed by installation 
or other design drivers, the longterm capacity may be documented even for 
corroded sheet piles.



Next steps
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› Do we dare to use class 4 members?

› a consultant's point of view

› a contractor's point of view

› Corrosion - a show stopper?

› Will this work for softer deposits where ULS is the main design driver?


