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Introduction

Durability is a software that simplifies
the choice of a steel sheet pile
section taking into account the
durability of steel in different
environments and the service life of
the sheet pile structure. It is a simple
tool quite useful in case the design is
based on the ‘Allowable Stress
Design’ method. It was developed for
internal use by the technical
department of ArcelorMittal Commercial
RPS in Luxembourg.

It is a free software that can be
downloaded from ArcelorMittal’s
website, and it is regularly revised
(mainly when a new sheet pile section
is introduced or removed from the
rolling program).
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Please read the disclaimer at the end of the document before using this software.

Aim of the software

The software ‘Durability’ has been developed by civil engineers for civil engineers. The key
objective of the design engineer is to choose the most cost-effective solution taking into account
every aspect that has an influence on the safety of the steel structure during its service life.

The design of the structure will be influenced mainly by the soil conditions, the geometry of the

structure and the load combinations that will be applied to the
structure. During the design, the main parameters required for

the choice of a sheet pile wall are:
e bending moment,
e compression load,

o deflection (depends on the selected section).

Other parameters may need to be taken into account in
certain cases (for instance, buckling length in case of high compression stresses, ...).
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Driveability, especially in compact soils, may be an additional key parameter in the choice of the

section.

The software ‘Durability’ has several options that will simplify the choice of the sheet pile

section.

However, it is limited to ‘regular’ hot rolled sheet piles Z-type and U-type.
Following chapters will show the different options and assumptions that have been implemented

in the software.
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Design approach

Corrosion of steel is a natural phenomenon that occurs under certain conditions. In the case of
steel sheet piles, the main factor having an influence on ‘overall’ corrosion in water is the
oxygen. Corrosion of steel in natural soils is almost negligible, but loss of steel should be
considered for permanent structures in contact with water.

The best approach to estimate the loss of steel over the service life is to extrapolate from
measurements on existing nearby structures. This is possible in major ports that have been
monitoring their existing steel sheet pile structures, but quite often this data is not readily
available or is not reliable enough.

An acceptable source for estimated loss of steel thickness can be found in the European
Standard EN 1993-Part 5, Chapter 4. The values shown in those tables are valid for temperate
climates.

There are several ways to deal with corrosion of steel. Either you try to prevent the steel to
corrode, at least during a certain period, for instance by using coatings, cathodic protection. Or
you estimate the loss of steel during the service life and take it into account by reducing
the section properties of the steel sheet pile. This last approach is sometimes also referred
to as ‘statical reserve’ of steel. In marine environment, a new steel grade ‘AMLoCor’ will
significantly reduce the corrosion rates in the ‘Low Water Zone’ and in the ‘Permanent
Immersion Zone’.

The software calculates the safety factor based on the ‘Allowable Stress Design’ (ASD),
using a global safety factor approach, at the beginning (S¢;n) and at the end of the service life
(Sireq). The steel stresses are calculated with following formula’:

M N=xe N f

Ox = W, + W, + A, < Gallowable @nd Ogllowable :S_i‘
with:
Ox steel stress in the section
Galowable  allowable steel stress
M bending moment (usually the maximum bending moment)
N compression load (usually vertical loads from the superstructure and anchors)
e deformation of the sheet pile section (simplification: use the maximum value)
Wy elastic section modulus of the sheet pile section
Ay cross-section of the sheet pile section
St safety factor
fy yield strength of the steel
ini stands for ‘initial’
red stands for ‘reduced’

As the loss of steel generally varies by elevation, the verification of the safety factors may have
to be done at different elevations.

In most countries, a global safety factor of 1.50 for the whole service life is required in
normal load cases. This implies Sgreq 2 1.50.

For exceptional load combinations, like seismic design phase, a lower safety factor may be

acceptable. Some local design codes accept different safety factors for permanent and
temporary structures.

! this formula should not be used for class 4 sections (see EN 1993-Part 5 for definition of the classes)
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Assumptions / simplifications

Following assumptions have been made:

e ‘overall corrosion’ leading to an uniform loss of steel thickness over the whole cross-
section (see § 4.2. (1) of EN 1993-5:2007)

¢ reduced section properties calculated with a CAD software for a double sheet pile

. redug:ed section properties calculated with total loss of steel thickness on one side of the
wall

e no corrosion occurs inside the interlocks °
e maximum loss of steel of a section: 7.0 mm (covers most of the normal structures)
e minimum thickness of flange and web of a profile: 2.5 mm

Note: some thin sections cannot cope with losses of 7 mm due to their initial low thickness of
the flange / web.

Below a graph of the reduced section properties Wy .4 Of Z-piles (as a sample):

Options and results

e Choice between ‘metric’ and ‘imperial’ units.

u [urabitity
Fle Unks Options Help

np w Metric ChrlM
Irpetial Chil+1
A0 eETE]

Carrosion rates

Banding Moment il KMt

% This simplification yields in most cases unfavourable section properties. Compared to a loss of steel thickness on
both sides, the difference for most sections is less than 2%.

® Corrosion inside the interlocks can be neglected. This is based on several structures where the sheet piles were
pulled out after the service life and the thickness of the flanges and webs were measured. No corrosion was apparent
inside the interlocks.
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¢ Choice between European steel grades according to EN 10248, American standards ASTM
or ArcelorMittal specific steel grades (S 460 AP, AMLoCor).

T EMC = RIS ik I 76U
Stesl Gr.. 13 figks (P &) Service Life (years)
5 240GP 240 w ] W
5420 GP 430 - "
S 450 AP 460 & Profection (rears)

AMLoCor Blue355 355 Front |0 |w

AMLoCor Blue390 330
A 328 270
AST 2 Gra0 145 ud

LO=E OT ETEETINICENEES LT

AMLoCor Blue320 370 [

Back 1] v

Note: a higher yield strength f, of the steel will usually lead to a lighter section and
consequently lead to a more cost-effective solution. The premium for higher steel
grades varies but it is usually offset by the savings in weight of a lighter section. However, it
should be checked if the residual thickness of the sheet pile and if the deflections still fit the
purpose of the structure.

Seclion prop.: AZ 20-700
ini. red
Wi 1045 1265 e
I 40960 26528 cmdim
A 1820 ] crdim
ff 10000 565 i
s 10,00 565 mm

Some sheet pile sections are not available in all the steel grades. If the ‘Show all’ checkbox
is unchecked, then the number of steel grades available for the selected sheet pile is shown
in the caption.

Steel Gro1d | wkiMPa
G390 GP 190 -

Some seclions not avalsble [ ghow al
infhiz sleel grade

Checking the ‘Show all’ checkbox resets the list of steel grades to all the steel grades. If you
choose a steel grade that is not available for the selected sheet pile, then the range of steel
sheet piles is also reset. For example, GU sections are not available in AMLoCor Blue 320:

Sheet plles S5F 1l W iR {zmaim)
O ALL

CaZ-T7oon

OaZ

DAL

O PU

(® G
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e CIP (‘Corrosion Impediment Factor’ = reduction factor of the loss of steel thickness) for
AMLoCor or ASTM A690. This option is only available if the user chooses values from
EN 1993-5 in combination with the proper exposure zone, or chooses ‘project specific rates’.

Steel Gro15 | fyk (MP=)
AMLOCOr BIUe355 365 'u]

Some sections not avaleble  [5] Show all

inthis stesl grade
AMLoCor CIF walid in LWZ
®s O

Loss of stael thickness: 1.7 mm

e The user can choose a combination sheet pile section / steel grade, then click on the tab
‘Corrosion rates’ and select from the menu ‘Options’:

Durability
Units  Cplions  Help
ul data rates
Euro MO7
Eurol:d EwroZode 3 rabas ath
® Project specific rates

» estimate the loss of steel (‘Project specific rates’), either a rate in ‘mm/year’ or the
total loss in ‘mm’ (similar option in imperial units)

Project specific

@ rates (mm/vear) Front: b mmsyear Back: 0 mmiyear

() total loss (mm) descrihe_environment_front describe_ervironment_hack

» select the loss of steel from the tables from ‘EuroCode 3 rates’ (EN 1993-5). Some
tables from the ‘NAD’ (‘National Application Document’ of the original standard) have
already been added. In this case, the number of years selected in the ‘Service life’

will automatically determine the loss of steel.
Beta wermon 230, Doubla-check b resuks

nput data | Sf summary  COmosion rales

EurcCode 3, Farl s (EM 1993-5, 2007)

EC:3-5 MAD LIK (2010}, Table 4.1 and 4.2 E| Show table
Front Tahble 4.2
2 almospheric . . : |
Common fresh water {iver, ship canal,. ) in the zone of high attack (wate| »
lf} il Camman fresh water (river, ship canal,..) in the 2one of high attack (water line)
& water Wieky polluted fresh water (Sewade, iIndustial efluent, ) Inthe zone of high attack]
- Sea water in ternperate climate in the zone of high attack (low waler and splash 2
Sea water in lemperale clirmate in the 2one af perrmanent immersion orin the intg
Back Table 4.1
- . :
© almozphearie Undisturbed natural soils (sand, sit, clay, schist, ) ]
& soil
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The software calculates Ssj and Streq (g0 back to the tab ‘Input data’ to check the result):

Loss of steel thickness
Front: 275 mim

Sea water in temperate
climnate in the zone of high
aftack (low waler and
splash 20nas)

Safety factors Sf

Sfini= 158

4 35 mm

Baik: 068D i

Undisturbed natural sails
(sand, silt, clay, schist, )

Sfreid = 1.61

e The user chooses a range of S,.qand the software shows all the sheet piles that verify this

condition for the selected steel grade.

urability
File  Unts | Oplions  Help
| I
Inputdats)  Select section rabes
& Select Simin |
nput O
Bendir | EMrmim
Compression Load 125 kkm
Neflachinn T [l aul

Below two examples: Ss..q between 1.5 and 20.0 (30 sections) vs. 1.5 and 2.0 (9 sections).

Required Sfred

Required 51 rad

1.50 = G podd == 2000 Sirad = 1.55 140 =< Sired=< |20 Sfred= 1,55

88F: 30 W ini (erPin S5EP. 9 Vi, ini fem3m)
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AF 76-700 2600 ALYz 2000 3
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AZF 30-700M 2785 FLI1&+1.0 1820

| A7 AN-TO0N 3055 w FLI37.1 0 INAN [
Section prop ; A7 20-700 Seclion prop.. AZ 20-700
Lad ol Al e

e The user can reduce the range of sheet pile section by choosing a type of sheet pile
(AZ-700 range for instance) in the radiogroup ‘Sheet piles'.
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¢ In the tab ‘Sf summary’ the user will find a table with safety factors (initial or reduced) for all
the possible combinations sheet pile / steel grades.

Input data | 5 summary | Comasion rales

Safety facior f

Beta version 2 30 [ouble-check the issuls

Safety factor

) Sf, ini () Sf, redl 1.50 =< Sfred == 20.00

5300 GP 5430 GP | S460AP  Blue320  Blued5s  Blued90| A3208 | ASTI GrolAs
AZ13-TO010M0  — = v} @] * ] (¢
AZ14-700 - [y} [y] ] g} (v}
AZ1T7-700 — o] (9] ]
AZ18-T00 [v] [v] (vl
AZ19-700 156 L] (] (]
AZ 20-700 — 1.45 166 ] @] ]
AZ 24-700 1.83 20z 216 ® * * 162
AZ 26-700 207 213 239 1 6 1,84 202 179
AZ 28-700 23 2.44 261 1.81 0 ] 153 195
AZ 36700 292 222 349 (] (V] (vl 202 258 3
AZ 38-700M 315 247 am 258 286 (] 218 278
AT A0-TOOM 337 a7z 388 277 ] ] z.34 288
AZA2-TO0N 2492 112 344 ® ] ™ 202 258 -

<

7} steel grade not availahble for this section
[**) =tael grade available on reguest Resticlions apply

¢ In case of values chosen from the tables of EN1993-5, it is possible to take into account a
surface protection (coating, cathodic protection) during a few years. Select the years in
‘Protection (years)’. This will reduce the loss of steel proportionally.

Al

R

Isturbed nabural g
d, silt, clav, schis

LW LELY)
Sarvice Life {years)

al

Frotaction fmaars)

Front 0 =
Back ] £
0
5
060 n 10
15
0
25
oy

e A simplified bill of quantity can be calculated for a straight wall: enter the length of the wall
and length of the sheet piles (or the average of the length over the wall length) in ‘Steel
quantities’. This gives a rough estimation of the total quantity of steel (without special piles
and / or corner piles)

Stesl fquantihies

Wirzig ht 119.3

Wirall length  [124.0

S3E length 1220

SEF pairs g4
Virall length T4

Total 181.3

kglm?®

m

mratrlc
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Miscellaneous

The status bar at the bottom of the form can provide additional information on some parameters
or error messages. For instance, the maximum length of the selected sheet pile, or the definition
of some abbreviations, etc...

0 = length of ssp=<31.0 = flange thickness

‘Copy / paste’ is not specifically supported by the application. You may still try to paste values or
text into the edit boxes but some edit boxes do not support unformatted text or numbers. In that
case, a message will appear in the status bar at the bottom of the form.

0 = Deflection == 50 Enler anly values = 0 Wrong input

Depending on the operating system, an error might occur when you launch the software the first
time (it did not recognize the ‘decimal point’). In that case, simply close the application (through
the ‘Task Manager’ if necessary) and launch again the software.

The tab ‘Corrosion chart’ shows a chart with the reduced section properties of the selected
sheet pile section: section modulus, moment of inertia, etc. All the values are rounded. This
chart can be printed or copied to the clipboard (right-click on the chart to show the pop-up
menu).

ts Options  Help

ata | Corrosion rates  Corrosion chart

o 1 2 3 4 5 3 T
Loss of steel thickness (mm)

W Ix A BMC

Printing

As printing of the results was not an important topic for the developers of the software, the
printing options are quite limited. Printing should normally be possible as a simplified text on a
DIN A4 page. Printing on other page formats might be incomplete or lead to unexpected results.
‘Print To File...” allows writing the results in a text file (limited feature).

The user can copy part of the form shown on the screen to the ‘Clipboard’ of the operating
system: ‘Copy to Clipboard’.

[= Tratanty

[Fie Lnits Cptions Help
Frink .. Clrl+p —
Prink To Fie ..,

Copy to Jipboard
15
Cose
Camarasann | onad a0
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Input Data AZ 44-700N Input Data AZ320-700
Bending Morment 825 kNMmim Bending Morment 795 Kipstft
Compression Load 280) kNim Compression Load 85 kipsit
Deflection 12| em Deflection 35| in
BMC = Wxini* frk = 1584 khmim BMC = Wxini* frk = 1809 Kpsit
Steel Grade | fyk (MPa) Serice Life (years) Section prop.: A7 44-700N Steel Grade | Tk (Ksi)
AMLoCorBluedss 356 |w 50 |w ini red ASTZ Gr.60 60.0 v ini red
Wi 4406 4166 chm Wik 3618 2660 it
Pratection (years) I 110150 103803 cmdfm k2989 2198 indsm
ApLoCar CIF valid in FIZ Front a - A 738 2557 cmim A 718 .14 in#ft
1 19.00 17.82 mm 1 0394 0264 in
O] o1 Back |0 (v w1600 1382 mm w0384 0361 in
Loss of steel thickness: 1.18 mm Steel guantities Loss of steel thickness: 130 mils Steel guantities
Front 058 mm Back 060 mm Weight 2141 kafm® Front 100 mils Back 30 mils Weight 24,43 |bift?
Seawater in temperats
climate in the zone of Undisturhed natural soils
permanent immersion or tsand, silt clay, schist,..) 5P length 2150 m water line packill, non agressive 5P length s70| 1
inthe intertidal zane
SSF pairs 29 SSF pairs a7
Safety factors 57 Wall length 1248 m Safety factors 57 Wall length 39968 f
Sfini= 1.73 Sfred = 1.63 Total 5737 metrict Sfini= pAR Sfred = 1.55 Total 27832 nett
Disclaimer

Some assumptions that have been implemented in this software might not be fully in line with

local standards.

The sketches and screenshots in this document are only for illustration purposes and might

contain errors (screenshots from a beta-version).

The data and commentary contained within this document is for general information purposes

only. It is provided without warranty of any kind.

The software ‘Durability’ is provided ‘as is’, without warranty of any kind (no guarantee that it
works flawlessly on every Windows® operating systems).

ArcelorMittal Commercial RPS S.a r.l. shall not be held responsible for any errors, omissions or
misuse of any of the enclosed information and hereby disclaims any and all liability resulting
from the ability or inability to use the software. Anyone making use of this material does so at
his/her own risk. In no event will ArcelorMittal Commercial RPS S.a r.l. be held liable for any
damages including lost profits, lost savings or other incidental or consequential damages arising
from use of or inability to use the information contained within or the software. The sheet pile
range as well as the software version is liable to change without notice.

Please contact our technical department for any questions / comments / suggestions, or for

more information: sheetpiling@arcelormittal.com.
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Example

Quay wall in a marine environment. Service life of the structure: 50 years.

Surcharge

oy, T

i g, 7
Splash
EEy 11 Anchor . LF100GW

Zone o
+0.50 HWL T
Y r I
i y M
Intertidal
Zone "
-1,50 LWL
i 4

Low water
zone

L B

Steel sheet piles »-!

Permanent M,

1
Zone
_ Y '-L’-?'U redge level

The design of the sheet pile wall can be done with different design methods:
e LEM (Limit Equilibrium Method). Simplest method,

e ‘subgrade reaction modulus’ (SSIM) with soil springs. Interaction between soil and
structure. Nowadays almost a standard in most European countries,

¢ FEM (Finite Element Method). Usually reserved for complex structures or special soil
geometries / properties.

In a LEM design, the moment of inertia I, of the sheet pile wall has no influence on the bending
moments and anchor forces, whereas in the two other methods, there is most of the time a
slight influence on the bending moments (due to the soil/structure interaction). A stiff retaining
wall will be submitted to higher bending moments than a more flexible structure.

The deflexion/deformation in a LEM design is proportional to the stiffness (lx) of the wall. In the
other design methods, the deflexion/deformation is not necessarily proportional.

Assumption

Chosen section in the design with a LEM method (for instance with Prosheet 2.2): AZ 28-700.
Results from design

Bending moment Mmax= Mpiz 800 kNm/m

Compression loads N 200 kN/m

Deflection e 10 cm

In the initial conditions, the yield strength f, required to achieve a safety factor S;, of 1.5 is
460 MPa (S 460 AP).

Solution

Assume no need for surface protection. Allow the steel to corrode, and achieve Streq 2 1.5.

Assume corrosion rates from EN 1993-5, Table 4.1 and 4.2: ‘PIZ’ on the front face, ‘natural soil
on the back face. Standard steel grade. Below a screenshot of the solution.
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| File  Units Opbons  Hedp

Input data | 5T summary | Conosion rates Beta version 2 30 Double-check the madls

[rput Data Shest piles 98P 61 Wil Eni (errdim)
Bending Moment BO0 kmim | | @ ALL AZ24-700 2430 &l
I AZ-TTONT 00 AT 2E-TO0 2600
Compression Load 200 R Oaz P TEra LrOn
AU AZ36-T00N 3590
Daflection 7 e . S T
Opuy AZ 40-TOOM 3295
BMC = Vit ini * figk = 1544 kMmim (a1l AT 47.TNNM AEA0 -

Stagl Gro1 e (WP a1 Barvice Life (years) Saction prop.: AZ 367 00N
430 GF 430 :| [ 50 vl 5 ini

o Wil 3590 cm¥m
in this stesl grade swal Protection aars) bt L Ll
AMLoCor | ABSD reduction factors Font (] | | (2 2108 g

e i 15.00 mm

Back | D ﬂ Tar 11.20 mm
Locs of slegl thickness: 235 mm Steal guantifies
Front 1.5 mm Back: 0.60 mm Wizight 1695  koim®
Seawalar in temperate Walllength | 100.0 m
clirmate in the zone of Undisturbed natural sails o 4
PEMMENENT IMMErsion o (sand, silt, clay, schist,_.) SEBR length 13,50 m
in the intertidal zone :
S5P pairs ™
Satety factars &1 Wall lenith 994 m
fini= 1.82 Stred = 1.57 Talal 2375  rmetrict

Total loss of steel thickness: 2.35 mm.

Sheet pile: AZ 36-700N, S 430 GP, deflection of 7 cm. Weight: 169.5 kg/m?. Minimum thickness
after service life: 8.85 mm in the web.

oy = ( 800 , 200 0'07J *1000+( 200 J*lo = 274.4MPa
3090 3090 181.6
430
S :—y=—=1.5721.50=smin v
fred = . " 2744 '

The verification at the LWL (low water level) should also be performed.
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