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1. Quay wall in a marine environment

1.1. Description

This example shows a quay wall in a marine environment located in Great Britain. Service life of the structure is 50
years.

AU 25 30.00 kN/mim 30.00 kN/m/m AU 14 30.00 kN/mim
Lo T L L e [ Ll 1
\ \ il 500m Sandy loams
3.00m 3.00m

Filt|  |200m

-5.00m Clayey mud -5.00m Clayey mud

AU 25 S 320 GP (head wall) and AU 14 S 460 AP (anchor wall) sections have been chosen in the design with a
Subgrade Reaction Model (SSIM method implemented on AMRetain). The walls are separated by a distance of 12 m.
An anchor is placed at the back of the anchor wall to hold it in place during the temporary stage construction.

The most significant load levels are as follows:

AU 25 AU 14
z MEed VEd NEd e z MEed VEd NEd e
m kNm/m kN/m kN/m mm m kNm/m kN/m kN/m mm
2.00 37 -5 27 33 3.00 -118 94 97 6.3
-0.75 -191 317 68 38 -0.75 360 275 125 17
-4.40 389 -9 140 41 -7.00 123 2 120 0.3
-11.20 -330 -7 207 2.45

We assume there is no corrosion protection.

Corrosion rates are according to the EN 1993-5, Table 4.1 and 4.2.

For AU 25:
e Front corrosion zone: Sea water in temperate climate in the zone of permanent immersion or in the intertidal
zone

e Back corrosion zone: Undisturbed natural soils

Total cumulated loss of steel thickness is 1.75 mm (front) + 0.60 mm (back) = 2.35 mm with a standard steel grade.

For AU 14:
e  Front corrosion zone: Undisturbed natural soils
e Back corrosion zone: Undisturbed natural soils

Total cumulated loss of steel thickness is 0.60 mm (front) + 0.60 mm (back) = 1.20 mm with a standard steel grade.
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The Sheet Pile steel sections considered in this example will be verified according to ASD (Allowable Stress Design)
and Eurocode 3-5.

Durability allows to run several calculations simultaneously in the same project, introduced under the form of Scenarios,

and allows to compare their results. ASD approach will be defined in the first scenario and Eurocode 3-5 in the second
one.

Scenario synthesis tab will summarize the results for each scenario.

Definition steps:

1. First of all, one has to choose the project geometry, the sheet pile section and its steel grade, define the loads
and partial safety factors in Sheet pile tab.

2. After defining the Structure Service Life, one has to define the corrosion to be applied in Corrosion tab: either
use Eurocode tables or manual definition (rates or total loss)

3.

1.2. ASD approach

Head wall definition and calculation:

Finally, all numerical results are shown in Results tab for each loading level defined previously.

File Edit Units Language Scenarios Design approach Module Help
< Quay wall in a marine environnement (ASD) & » + Sheetpile  Comosion Results  LCA  Anchor  Scenario synthesis  Sfsummary  Charis
Anchorwall X |
Geometry Sheet pile section Filter Front Back
Zup 5001 Type All ["] Only valid sheet pile
Name Al 25 N
Sort by Catalogue 11y min )
o 148
Actions i [ twmin
N® z M N e + By e \
m] [kNmim] [kNim] [mm] Bl 7
1 2.00 ar 27 33 x o e [t #min
2 0.75 -191 68 33 *® t
1500
3 -4.40 339 140 41 * " -
-11.20 -330 207 2 N
- % Steel grade
5 320 GP -
Show all
Safety factors o ¢
Sheet pile properties (initial values)
S min 1.50 W
ely 2500 cm®m Woly 2 866 cm™m
Iy 56 240 cm*/m A 187.5 cm¥m
St ma 10.00 ids 14.50 mm tw 10.20 mm
h 450.0 mm a 596 °
b 406.0 mm & 252.5 mm
Service life Steel quantities Ay 59.2 cm¥m Sy 1420 cm®m
L= 120.0 m To 250 mm mass 147.2 ko/m*
W R [ 1825 m B 1500 mm
Results RIS : __ __ T ater
SP=160 Mur de quai en milieu maritime (ASD) Prostion
Correct sheet pile selected ‘arrasien
Personnal notes (200 characters max) Actions M e
ArcelorMittal
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File Edit Units Language Scenarios Design approach Module Help
< Quay wall in a marine environnement (ASD) & » + Sheet pile  Corrosion Results  LCA  Anchor  Scenario synthesis  Sfsummary  Charis
| Head wall | | Anchorwall x
Corrosion rates Show table Front Back
@ Eurocode 3 - Part 5 | Eurocode 3 - Part 5. Table 4.1 and 4.2 +
) Manual
Zone Z bottom Corrosion front Corrosion back Fm'frotecmréack FT:::" w"usgz:k + /
m i [mm] ] [mm] [years] [years] [mm] [mm]
" 3.00 Atm. Locations close to the se ~ | Soil. Compacted and non-aggr ~ 0 0 100 060 %
1.00 0.60
5 0.00 Atm. Locations close tothe se; ~  Soil. Compacted and non-aggr ~ 0 0 100 060 % n
1.00 0.60
3 5.00 ‘Water. Sea water in temperate ~ | Soil. Compacted and non-aggr ~ 0 0 175 060 .
1.75 0.60
4 4825 Soil. Compacted and non-aggr ~  Soil. Compacted and non-aggr ~ 0 0 060 060 %
0.60 0.60
/
— Water
— Anchor
= Protection
‘Caorrosion
Actions | M &
ArcelorMittal
File Edit Units Language Scenarios Design approach Module Help
< Quay wall in a marine environnement (ASD) & » =+ Sheet pile  Comosion Resulis  LCA  Anchor  Scenario synthesis  Sfsummary  Charis
Headwall | | Anchorwall X
Results
c z
N m ASD 5¢
1 2.00 [v] 16.79 = 1.50
2 -0.75 v 3.27>150
3 -4.40 (v] 1.60>=1.50
4 -11.20 (v ] 2.04>150
Synthesis (] 1.60
Section <] Numerical details - level n°3 (z = -4.40 m) Steel quantities
M N.e N SSF pairs 80
Fapptied = ——— + — +
Property Value Woired Wetred  Area Wall length 120.00 m
i 3200 Tugptiod = 395 kNm/m 140EN/m - 0.04 m _ M0EN/m Total 32237t
_ ) ' 2095107 m*/m 200510~ m*/fm  156.0- 104 m?
Selected zection properl.les . appticd =— 300.1 MPu
Property Ini. Red. Unit L, S00MPa
Wy 2500 2095 cm¥m Dallowable = = 1m0 = 213.3 MFa
WLy 2 866 . cmém ; ’
applicd = . ] Tailowable = 213.3 ]
I 56 240 47 020 cmyim il EIN].'I__UHl = Tailowatl 213.3 MFa
A 1875 156.0 cm¥m S‘r = L.60 == 1.500
tr 1450 12.15 mm
tw 10.20 7.85 mm
h 450.0 447.6 mm
a 596 -
b 406.0 - mm
c 2525 - mm Results
Ay 59.2 456 cm*m Si=160
Sy 1420 - cmm Correct sheet pile
ro 25.0 - mm A selected
ArcelorMittal
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Anchor wall definition and calculation:

Durability — Part C — Examples

Comosion  Results LCA  Anchor  Scenario synthesis  Sfsummary  Charis

File Edit Units Language Scenarios Design approach Module Help
« Quay wall in 2 marine environnement (ASD) # » + Sheet pile
Head wall ] | Anchorwall X
Geometry Sheet pile section
Ztop 5.00 m Type All
Name Al 14
Sort by Catalogue
Actions ' 0 s
N z M N e Kagge & X
N [m] [kNm/m] [kMim] [mim] + 0 B ‘/ l" ‘ \u
3.00 -118 97 6 x \\ a3
]
2 -0.75 360 125 17 b4 . - .
3 -7.00 123 120 1 X
Steel grade
S 460 AP -
["1 Show all
Safety factors
Sheet pile properties (initial values)
Sl 1.50 Wely 1405 cmeim Wy
Iy 28 680 cm¥m A
117 10.00 mm tw
] 10.00
fma h 408.0 mm a
b 327.2 mm &
Service life Steel guantities Ay 44.0 cmim Sy
L= 120.0 m ro 250 mm mass
50 years
[ 15.00 m B 1500 mm
Results Notes: . - -
St=151 Mur de quai en milieu maritime (ASD)
Cormect sheet pile selected
Personnal notes (200 characters max)

Filter Front Back
[] Only valid sheet pile

| ! ¥ min

1t wmin

[t fmin

... CMPmM
132.3 cm®m
8.30 mm
478 ©
268.6 mm
820 cm®m
103.8 kg/m?

— Water

— Ancheor

— Protection
Corrosion

Actions | M =

A

ArcelorMittal

File Edit Units Language Scenarios Design approach Module Help

< Quay wall in a marine environnement (ASD) & » + Sheet pile

Results LCA Anchor Scenario synthesis  Sfsummary Charis
Head wall ] | Anchor wall X
Corrosion rates Show table Front Back
) Eurocode 3 - Part 5 Eurocode 3 - Part 5. Table 4.1 and 4.2 ~
) Manual
; : Protection Total corrosion
Zone Z bottom Corrosion front Corrosion back Eront Back Front Back + \
[ [mm] [mm] [years] [years] [mm] [mm] \
. - - - - . - \
" 1,00 Soil. Compacted and non-aggr Soil. Undisturbed natural soils 0 0 0.60 060 %
0.60 0.60
5 10,00 Soil. Undisturbed natural soils ~  Soil. Undisturbed natural soils - 0 0 060 060 %
0.60 0.60
— Water
— Anchor
= Protection
‘Corrosion

Actions M &

A

ArcelorMittal
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File Edit Units Language Scenarios Design approach Module Help

< Quay wall in a marine environnement (ASD) & » =+ Sheetpile  Comosion Reszultis  LCA  Anchor Scenario synthesis  Sfsummary  Chariz
Head wall ] | Anchorwall X
Results
o z
N m] ASD St
1 3.00 o 441=150
2 -0.75 (+] 1.51=150
3 -7.00 Q 4.20=150
Synthesis (] 1.51
Section =] Numerical details : level n°2 (z = -0.75 m) Steel quantities
R N-e N SSP pairs 80
Property Value appticd = o T A
P el.red clred  Ared ‘Wall length 120.00 m
i AB0.0 Fotied = 362 kNm/m 126kN/m -0.02m  125kN/m Total 186.841
) ) e 1240 - 107%m?fm 124010 %m¥'m  117.3 - 104 m?
Selected section propert.les : Gappiied == 304.4 MPa
Property Ini. Red. Unit y Cf, A600MPa .
Wey 1405 1240 cm¥m Tallowable —?f =—J80 - 5.7 1
W,y ... cm¥m
Iy 28 60 55 260 cmYm Tapplied = 304.4 MPa < Taifowante = 306.7 MPa
A 132.3 117.3 cm?im Sy = AL = LA
tr 10.00 5.80 mm
tw 8.30 7.10 mm
h 408.0 406.8 mm
a 47.8 -
b 327.2 - mm
c 268.6 - mm Results
Ay 440 37.7 cmim Sf=151
Sy 820 - cmm Correct sheet pile
ro 250 - mm hd selected
ArcelorMittal

In conclusion, the proposed structures have a safety factor equal to 1.60 = 1.50 for the head wall after 2.35 mm of loss
of steel thickness, and 1.51 = 1.50 for anchor wall after 1.20 mm of loss of steel thickness.
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Eurocode 3-5 approach requires to consider design values of loads, which have already been multiplied in the
geotechnical design (calculation done with AMRetain) by the applicable partial safety factor.

Additional calculation parameters required for head and anchor wall:

Partial safety factor
Partial safety factor
Reduction factor
Reduction factor

Ymo
Ym1

Be
Bo

1.00
1.10
0.80
0.55

Table 1. Partial factors (default values)

For our specific example located in Great Britain, Sz and 8, values are taken from the British Standard National

Annex.

British Standards. NA to BS EN 1993-5:2007. July 2009

Table NA.2 Reduction factors for U shaped sheet piles.

Type of N;‘T:' l'i'f Reduction factors # s and fo referred to in 5.2.2 (2); 5.2.2 (9); 5.2.3 (2); 6.4 (3)
. s structural
U-pile unit support levels | (see Notes 2, 3,4, and 5)
Highly unf: bl Unfa ble conditicns Favourable conditions
conditions
(see Mote 1) (see Note 8) (see Nole T) (see Mote 8)
I Fo Be o Be ¥
Singles or 0 0,40 0,30 0,50 0,35 0,60 0,40
dauhle; 1 0,55 0.35 0,60 0,40 0,70 0,45
1 085 045 070 os0 | 080 055 |
Crimped or [i] 0,70 0.60 0,75 0.65 0,80 0,70
welded
doubles 1 0,80 0.70 0,85 0.75 0,95 0,80
=1 0,80 0,80 0,95 0,85 1,00 0,90
Head wall definition and calculation:
File Edit Units Language Scenarios Design approach Module Help
< Quay wall in a marine environnement (Eurocode 3-5) # » + Sheet pile Corrosion Results LCA  Anchor  Scenario synthesis =~ Ufsummary  Chariz
m | Anchorwall X |
Geometry Sheet pile section Front Back
Zop 500 m Z yefront 0.00 m Type All
Buckling length 8.00 m Z wback 300 m Name AU 25 v | Filter
[] Check buckling [+ Use common buckling length ~ Sort by Catalogue [T] Use Wel only
145 ["1 Only valid sheet pile /
L 0
Actions A ' ,“ ’ [T 1y min
a1y g
N° z MEgq VEd N eq e + h AT
[m] [kNmim] [kNim] [kNim] [mm] Y g . [ twmin
374 /
1 2.00 7 5 27 3 x ' [t fmin
2 -0.75 -191 "7 68 38 x " 1500 .
3 -4.40 389 -9 140 Rl X
4 1120 -330 7 207 P | Stee! drade 7
S5 320 GP - £ 0.857
[ Show all (bft ¢ )fe 33
} ) _— | Reduce fy to obtain Class 3 Class ini. 2
Partial safety factors J Reduction factors (U-piles) 4 /
o 100 Bs 0.80 Sheet pile properties (initial values)
Bo 0.55 Wely 2500 cm/m Wl y 2 866 cm¥/m
| 56 240 cm*/m A 187.5 cm?m
i 1.00 Standard  Great Eritain . Z
ids 14.50 mm tw 10.20 mm
NAD UK Show table h 450.0 mm a 506 °
b 406.0 mm & 2525 mm
Service life J Steel quantities X A 59.2 cmm Sy 1420 cmim
L veanl 120.0 m o 25.0 mm mass 147.2 kg/m®
50 ~ | years
Lese 1825 m B 1500 mm
Results I ) - . - \A\‘:;ﬁgr
Uf= 074 Mur de quai en milieu maritime (EC3-5) Pratection
Correct sheet pile selected Carrasien
Personnal notes (200 characters max) Actions MEd -
ArcelorMittal

Copyright ® Durability — November 2020

Page 7/16




Durability — Part C — Examples

A

ArcelorMittal

" terrasol

setec

File Edit Units Language Scenarios Design approach Module Help
< Quay wall in 8 marine environnement (Eurocode 3-5)

> 4

Head wall | | Anchorwall X

Sheetpile  Comosion  Results LCA  Anchor  Scenario synthesis ~ Ufsummary  Charis
| Head wall Anchor wall X
Corrosion rates Show table Front Back
@ Eurocode 3 - Part 5 Eurocode 3 - Part 5. Table 4.1 and 4.2 ~
O Manual
Zone Z battom Corrosion front Corrosion back Ero Prmectloréuk F'T::lal corrosllgr:lk + ’
m mm] [mm] [years] [years] [mm] [rmm]
4 3.00 Atm. Locations close to the sei ~  Soil. Compacted and non-aggr ~ 0 0 100 060 *
1.00 0.60
2 0.00 Atm. Locations close to the se: ~ Soil. Compacted and non-aggr ~ 0 0 100 060 *
1.00 0.60
3 5.00 \Water. Sea water in temperate - | Soil. Compacted and non-aggr ~ 0 0 175 0.60 ¢
1.75 0.60
4 _qap5  Seil Compacted and non-aggr ¥ Seil. Compacted and non-aggr 0 0 060 0.60 ”
0.60 0.60
/
— Water
— Anchor
~— Protection
Corrosion
Actions MEd -
ArcelorMittal
File Edit Units Language Scenarios Design approach Module Help

< Quay wall in a marine environnement (Eurocode 3-5)

*» 4 Sheetpile Corrosion %Results% LCA  Anchor Scenario synthesis Ufsummary  Charts

Resulis
N*® [':] Bending Bending & shear ~ Web shear buckling Buckling Bending & axial Bendingx?ael’.hear& Uf
1 2.00 Q [] [] [] [] - 0.06
2 075 ] V] V] ] o - 0.38
3 -4.40 ] @ Q ] L] = 0.74
4 120 @ -] (-] o ] - 0.49
Synthesis [] [-] (] [] [-] - 0.74
Section classification Numerical details : level n°3 (z =-4.40 m) Steel quantities
Bending SSP pairs 80
Property Ini. Red. Y 27 Walllength 12000 m
fy 3200 320-0 Mpy = ada k! J?V’ m = M, g = e = NI Tml 3223?t
€ 0.857 0.857 W = 2005 cm’ /m
(biteye i il Bending & shear
Class 2 3 Af,
) ) Viea = 9kN/m < Vi pa = Y _ 849 kN/m
Selected section properties V30
Property Ini. Red. Unit Vigg = 9kN/m < 050 Vyy g = 421 kN/m
Wey 2500 2095 cm®/m No further verification needed
Wy 2 8566 .. cmim .
Web shear buckii
I 56240 47020 emim R S
— —ars<T?
A 1875 156.0 cm¥m -
tr 1450 12.15 mm Mo verification required. Ok!
tw 1020 7.85 mm .
h 4500 4476 mm Bucking Af
a 596 _e Npg = 140kN/m < Ny ps = A—'f = 4992 kN/m
MO
b Rl UL Eldp? .
c 2525 - mm No=—p—= 8375 kN/m
g' 15423 45.6 “":‘;"‘ 0.04 - N, = 335 kN/m > Nig = 140kN/m
Li el No further verification needed
To 250 - mm
mass 1472 - kg/m? Bending & axial Results
B 1500 - mm Npa = L0 KN/m < ky Ny s = by 222 — 490 kN with ky = 0.10 L=t
Neg = N/ < By Nyt gt = By T th ey = L. Correct sheet pile
selected
ArcelorMittal

In conclusion, the head wall has an utilisation factor equal to 0.74 < 1.00 after 2.35 mm of loss of steel thickness.
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Anchor wall definition and calculation:

Durability — Part C — Examples

File Edit Units Language Scenarios Design approach Module Help
- Quay wall in a marine environnement (Eurocode 3-5) # » + Sheet pile  Comosion Results LCA  Anchor  Scenario synthesis =~ Ufsummary  Charis
Head wall ] | Anchor wall X
Geometry Sheet pile section Front Back
Zp 5.00 m Z wront 3.00 m Type All -
Buckling length 7.00 m Z wback 300 m Name AU 14 v | Filter
[+/] Check buckling ¥ Use common buckling length ~ Sort by Catalogue ~ | [[] Use Wel only
o0 [] Only valid sheet pile \‘
Actions i A—-i_;\’ ' Oy min
o z Mg VEd N g4 e s \
N + a 1 ' A T ]
[m] [kNm/m] [kNim] [kWim] [mm] N s [t wmin
1 3.00 -118 94 a7 6 X o L [ t£min
2 -0.75 360 275 125 17 x B 1500 o
3 -7.00 123 2 120 1 ®
Steel grade
S 460 AP o £ 0.715
[] Show all (bits Ve 45
) ) L ¥ Reduce fy to obtain Class 3 Class ini. 3
Partial safety factors & Reduction factors (U-piles) 3
e 100 Bs 0.80 Sheet pile properties (initial values)
Bo 0.55 Wely 1405 cm¥m Wl y ]
| 28 680 cm¥m A 132.3 cm®m
Ll 1.00 Standard | Great Britain . Z
ids 10.00 mm tw 8.30 mm
NAD UK v Show table h 408.0 mm a 47.8 ©
b 327.2 mm & 268.6 mm
Service life J Steel quantities I Av 44.0 cm¥m Sy 820 cmm
L wall 120.0 m ro 250 mm mass 103.8 kg/m*
50 ~ | years
Lssp 1500 m B 1500 mm
Results REES T Wster
| Anchaor
Uf=10238 — Pratection
Correct sheet pile selected Corresien
Personnal notes (200 characters max) Actions MEd ~
ArcelorMittal
File Edit Units Language Scenarios Design approach Module Help
< Quay wall in a marine environnement (Eurocode 3-5) # » + Sheet pile  Comosion  Results  LCA  Anchor  Scenario synthesis = Uf summary  Charis
Head wall ] Anchor wall X
Corrosion rates Show table Front Back
@ Eurocode 3 - Part 5 Eurocode 3 - Part 5. Table 4.1 and 4.2 ~
) Manual
; : Protection Total corrosion
Zone Z bottom Corrosion front Corrosion back Eront Back Front Back \
[ [mm] [mm] years; [years] [mm] [mm] \
. - - - - . - \
4 1.00 Soil. Compacted and non-agar Soil. Undisturbed natural soils 0 0 060 060 %
0.60 0.60
5 10,00 Soil. Undisturbed natural soils ~  Soil. Undisturbed natural soils 0 0 060 060 %
0.60 080
— \Water
— Anchor
= Protection
Corrosion
Actions MEd -
ArcelorMittal
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File Edit Units Language Scenarios Design approach Module Help
4 Quay wall in a marine environnement (Eurocode 3-5) & » 4+  Sheetpile Comosion Results LCA  Anchor  Scenario synthesis  Ufsummary  Charts
Head wall | | Anchor wall X
Results
N 2 Bending  Bending & shear  Web shearbuckling  Buckling Bending & axial Bending & shear & uf
1 3.00 (] ] ] o o - 0.29
2 075 ] -] -] (~] o - 0.88
3 7.00 ] o ] ] o - 0.30
Synthesis [-] [-] (-] [-] [] - 0.88
Section classification Numerical details - level n°2 (z = -0.75 m) Steel quantities
. S5P pairs 80
. Red. class Bending
Property Ini. Red. 3 y 6 kN o < Al BaWaf, PR Wall length 120.00 m
fy 4600 4600 4163 TR = SRS S R = Total 18684t
£ 0.715 0.715 0.751 W, = 1240 em® fm
[ b B2 i3 Bending & shear
Class 3 4 3 A.f,
) ) Vi = 275 kN/m < Vi s = —2% — 906 kN/m
Selected section properties v dam
Property Ini. Red. Unit Vid = 275 kN/m < 0.50 Vi g = 453 kN/m
Wely 1405 1240 cm®m Mo further verification needed
Woly . cm¥m .
Web shear buckl
I 28680 25260 cmiim i —
—  —F04<T2
A 1323 117.3 cm®m o £
tr 10.00 8.80 mm No verification required. Ok!
tw 830 7.10 mm .
h 4080 4068 mm Buckling A
a 478 _e Ngg = 125kNfm < N gy = = = 4882 kN/m
T
b 3272 - mm , 2
c 2686 - mm N = E ”” — R8TTkN/m
Ay 44.0 3T '3"':""‘ 0.04- N, = 235 kN/m = Ngg = 125 kN/m
Sy &0 J cni No further verification needed
rg 250 - mm
mass 103.8 - kg/n? Bending & axial [Fesilli
. . . Af, . . =0
B 1500 - mm Nei = 125kN/m < ki Ny gi = b ?{“: = 488 kN/m with k; = 0.10 lé;rrgc?gheet pile
h selected
ArcelorMittal

In conclusion, the anchor wall has an utilisation factor equal to 0.88 < 1.00 after 1.20 mm of loss of steel thickness.
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1.4. Additional features

e Scenario synthesis tab allows to compare the different scenario results.

Durability — Part C — Examples

Scenario synthesis
. . Calculation . Walllength L ssp  Steel weight Scenario Anchor Retained
Description method Wall Sheet pile Steel grade ] ] ] S Uf results results  scenarios
Quay wallina Headwal AU25 S320GP 12000 1825 32237 - o ()
. Eurocode 3-5 - B
environnement
(Eurocode 3.5) Anchorwall AU14  S460AP 12000 1500 186.84 = 0.88 [V
Quay wallin a Headwal AU25 S320GP 12000 1825 32237 160 - ()
. ASD - [
e“""';’g‘[‘}”"e"‘ Anchorwall AU14  S460AP  120.00 15.00 186.84 1.51 s v
Total - - - - - - 500.21 - - - - -

o  Sf/Uf summary tab allows to check every sheet pile section for each steel grade and calculates either Safety

factor (Sf) for ASD approach or Utilisation factor (Uf) for Eurocode 3-5 approach.

File Edit Units Language Scenarios Design approach Module Help
< Quay wall in a marine environnement (Eurocode 3-5) & » 4+  Sheetpile Corrosion Results LCA  Anchor  Scenario synthesis  Uf summary  Charts
Head wall | | Anchor wall X
Utilization factor Reduction factor for AMLocor
2 Imi. Front i Back | 1 ~
Reduction factor for AGS0
® Red.
Front | 1 v| Back | 1 v
European AMLocor
S240GP S270GP S320GP S355GP S390GP S430GP S460AP | Blue320 Blue355  Blue390 A328 A5T2Gr.
AZ 18-800 0.93 0.82 0.76 0.76 0.76 0.76 0.76 ? ° @ 082 076 =
AF 20-800 0.34 0.75 0.63 0.57 0.54 0.54 0.54 0.63 0.57 0.54 = 0.58
AZ 22-800 0.77 0.69 0.58 0.52 047 043 0.40 ? ° @ 0.69 0.54
A7 23-800 0.62 0.55 0.54 0.438 0.44 0.40 037 - - . 0.55 0.50
AZ 25-800 0.57 0.51 0.43 0.45 041 037 0.34 ? ° @ 051 0.46
AF 27-800 0.53 0.47 0.40 0.36 033 0.34 032 - - . 047 037
AZ 28-750 0.51 0.46 0.44 0.40 0.36 0.33 0.31 ? ° @ 046 0.41
A7 30-750 0.47 0.42 0.36 0.32 0.34 031 0.29 - - . 042 033
AZ 32-750 0.44 0.39 0.33 0.30 0.27 0.25 0.27 ? ° @ 0.39 0.31
A7 12-T70 - - 0.92 0.84 0.76 073 - - . - 0.95
AZ13-T70 - - 0.98 0.88 0.80 0.73 0.68 ? ° @ - 0.90
A7 14-T70 0.493 0.493 0.84 0.76 0.69 0.65 2 = 2 0.93 0.86
AZ 14-TT0-10/10 0.89 0.89 0.80 0.73 0.66 0.62 ? ° @ 0.89 0.83
AF 12-700 - - 095 0.86 0.78 0.77 - - . - 0.98
AZ 13-7T00 - 0.96 0.87 0.79 0.72 0.67 ? ° @ - 0.89
AZ 13-700-10/10 0.93 0.92 0.83 0.76 0.69 0.64 - - . 093 0.86
AZ 14-700 0.89 0.75 0.80 0.73 0.66 0.62 ? ° @ 0.89 0.82
AZ 17-700 0.98 0.87 0.73 0.66 0.60 0.55 0.53 - - . 0.87 0.68
AZ 18-700 0.93 0.83 0.70 0.63 0.57 0.52 0.49 s ° @ 0.83 0.65
A7 19-700 0.76 0.80 0.67 0.61 0.55 0.50 047 0.87 0.81 0.55 0.80 062
AZ 20-700 073 0.65 0.64 0.58 0.53 048 0.45 0.64 0.58 0.53 0685 0.60
AZ 24-700 0.58 0.51 0.43 0.46 0.42 038 035 - - . 0.31 040 ~
4 4
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e Charts tab shows graphically the reduction of the section design parameters, with the increase of the
thickness loss due to corrosion. User is able to choose another sheet pile section in this tab and replace initial
section previously considered.

File Edit Unils Language Scenarios Module Help

< Quay llin a marine environment (EC3-5) # » + Sheetpile Comosion Resulis EPD Anchor Scenario synthesis  Ufsummary | Charis

Anchor wall =

Type All v Name AU25 v Steel grade S320GF v Use this sheet section pile

Reduced plastic and elastic section modulus Wpl & Wel

AU 25| § 320 GP

Class of section
Class.
2
3

Loss of steel
<186mm
<493mm

Show Wel - Wpi
v Wy plastic
¥ Wy elastic

1 2 3 4 5 [ 7
Loss of steel thickness (mm)

Iy A Merd Mugg

ArcalorMitial

File Edit Units Language Scenaros Module Help

< Quay wallin a marine environment (EC3-5) # » + Sheetpile Comosion Resulis EPD Anchor Scenario synthesis Ufsummary Charis

Anchor wall =

Type All N Name AU 25 N Steel grade S320GP  ~ Use this sheet section pile
Class of section
Class. Loss of steel
2 <1.86mm
3 <4.93mm

AU 25| § 320 GP
Reduced bending moment resistance Mc Rd
7504734

—

=

1 2 3 4 5 6 7
Loss of steel thickness (mm)

Mygg

ArcelocMitial

File Edit Units Language Scenarios Module Help
< Quay wallin a marine environment (EC3-5) & » Sheetpile Comosion Results EPD  Anchor Scenariosynthesis Ufsummary  Charis

Anchor wall =

Type All v Name AU25 ~ Steel grade s3ce v Use this sheet section pile
Class of section
Class Loss of steel
2 <186mm
3 <493mm

AU 25| § 320 GP
Reduced bending moment resistance MV Rd

5504536 536 536 536 536 536 536 536

520

A26

3504
3004
250] Loss of steel

.35 mm

2004

150{

1004

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Shear force VE (kN/m)

ArcolorMitial
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2. Checking of the anchorage system

2.1. Description

Durability — Part C — Examples

This example aims to show how to check anchor system with Durability according to Eurocode Standards.

The verification of an anchoring system consists of checking the internal balance of all the steel parts used to take up
the force mobilised in the anchorage (tie-rods, waling, plates, swivel plates and forces localised in the sheet pile

section).
PU 18+1 S 430 GP has been chosen for head wall. No corrosion is considered.
Anchorage system is composed of:

e Waling behind head wall: 2 x UPN 260 S 235 JR, spacing = 286 mm
e An horizontal anchor every 2 sheet pile systems: ASDO355 — M68/52
o Front plate
o  Swivel plate supported by bearing plate
e A bolt between 2 anchors fixed to hold sheet pile to the waling : M45 — ASDO 355
o  Front plate supported by the sheet pile
o Back plate supported by the waling

Our case corresponds to Case 7.4 defined by Eurocode 3 — Part 5:

] i =2 | } R |
(R S I O |

This application considers French standard for safety factor definition.

Geotechnical analysis provides tie-rod axial reaction: 250 kN/m (ULS) and 185 kN/m (SLS).
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2.2. Anchor and bolt check
First of all, one has to check the anchor and bolt.
< Checking of the anchorage system # » + Sheet pile  Comrosion Fesulis  LCA  Anchor  Scenario synthesis =~ Ui summar Charts
| Tie-rods [ Sheet piles and plates i’ ) Bolt
7] Plate verification Filter i Verification method Front Back
] d ini, min mm 71
Anchor geometry - —
) ) CIfymin Pa || BB ﬂ )
Z e wai 155.00m  n 2 o i = '
: Ky l060 . + !
B 0.00 * @ Spacing 240 m E § | |
Tie-rods | ASDO355 - M&8 / 52 &
C 7.4
F £d. axal 250 kN/m iy 355  MPa ase
_ fie 510 MPa  Anchor verification
F tser, sl 185 kN/m z .
=56 20 d ini 68.00 mm N° Im] Type Valid  +
Anchor
¥ 4 mm 1 155.00 8 X
Bolt
Safety factor 3 A siini 30.55
A gini 21.24 cm?
¥uo 1.00 ¥z 125 e
Corrosion
¥ u 1.00 ¥ Meser 1.10 Ad 0.00 mm @
The anchoring levels are
successfully checked.
MNumerical details, tie-rods n*1 (z = 155.00 m)
ULS check 5LS check
a2 A, .
Fit qa = ke - fE=th = T48 kN/anchor B = _er = 986 kN /anchor
Yoz YAt ser
fuds _ - - - - - |
Fio.ni = . = T kN/anchor Fi oor = 444 EN/anchor < 986 ENfanchor — Waer
Tad — Anchar
Fy g = min(Fy i, Figpa) = 748 kN/anchor . Sm::
Fry = 600 kN fanchor < T48kN/anchor Actions | MEd - |
ArcelorMittal
<« Checking of the anchorage system # » + Sheet pile  Comosion Resulis  LCA  Anchor  Scenario synthesis | U summar Charts
| Tierods | | Sheet piles and plates O Tie-rods @ Bolt
] Plate verification Filter i Verification method Front Back
[ d ini, min mm 71
Anchor geometry —
g 1Ty min MPa || | /_\ !
Z hesdal 18500m  Spacing 2.40 m | o b i s
_ ki o0 - + i
° Type All v ' '
Fesaial | 250 kNim Bolt |M45-ASDO 355 ‘ CaseT4
_ iig 355 MPa  anchor verification
F tsar, zal 185 kN/m iz 50 MPa - Z Type valid  +
d ini 45.00 mm B - Anchor 8 >
x ) mm ’ Bolt
Safety factor 3 Ao 13.06 cm?
¥ Mo 1.00 ¥ M2 125 A gini 15.90 cm®
Corrosion
1.00 ¥ Mtser 1.10 Ad 0.00 mm @
The anchering levels are
successfully checked.
Numerical details, bolt n*1 (z = 155.00 m)
ULS check 5LS check
A, -
= = 320 kN/balt o= = 421 kN/bolt
VAt ser
A . B
Figna = 71— = 565 kN/bolt F e = 222 kN/bolt < 421 kN/bolt — e
FAMY — Anchar
F, it = min(Fy s, Fignd) = 320 KN bolt R
Fia = 300kN/bolt < 320 kN/bolt Actions | MEd |
ArcelorMittal

Anchor and bolt are successfully checked.
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2.3. Sheet pile and plates check
In Sheet pile and plates tab, one may find:

e Synthesis of all the checks to be done and sheet pile properties used in calculation:

Tie-rods ‘ f Sheet piles and plates 1 ) Tie-rods @ Bolt

Eurocode check details
Head wall
Sheet pile Tie-rods fixing Boilt fixing
Shear resistance of flange  Tensile resistance of webs Front plate Front swivel Front plate Back plate
o o 1~ o L) L)
Head wal =
PU 18+1.0
t'. ini 12.20 mm tnl ini 9.50 mm
W el ini 1920 cm¥m W i, ini 2 280 cm®/m
1] 2885 mm a 575"
iy 430.0 MPa Class 2 -
h 430.0 mm [ 247.7 mm
ro 15.0 mm be mm
e  Front bearing plate check for anchor:

Plate @ Plate

Front Geometry

Steel grade g 235 | Ty 15 MPa ba = 231 mm = 0.8b = 231 mm

b 231 mm h 346 mm hy = 346 mm < 1.5h, = 34T mm

a a
ia 51 mm d 72 mm t, = Hl mm = nm.r[(‘?—::‘z?.r] = 24 mm
Loads

- 2 ha—d w .
F,u_f_'"' = 300 kN i F,J»__”_m,l = 2f; m‘fﬁ = 1179 kN
Y Yap

- 2 .
Fropg = 300kN < Fpypg = 7FJ“I,JL = 4381 kN
/3 Y

-

Fyw.pa = 300N < Fyarvina

2 _ 5 .
:—i( —5+ 4/ 5% + 362) (b, — d]_L = 304 kN

E Yum

It’s important to note that Durability is able to suggest plate dimensions which satisfy all requested criteria (<)

According to EN1993-1-1, steel grade have to be reduced when the plate thickness is greater than 40 mm, that's why
fy=215 MPa whereas steel grade is S 235.

e  Swivel plate for anchor check:

Swivel @ Swivel
Steel grade 5235 “| fy 215 MPa | | Geometry
b 130 mm hse 110 mm ;,”,:- 130 mm < nmr((l[,(; + 25 ¢) = 200 mm
hgp = 110mm < max(dg; + 2t e) = 200m
tee 50 mm dsp 72| mm S ] H_Ilu (dsg; e nm
W SR 50 mm tsp=H0mm = i)—4 =34mm
Nut @ Loads
dsg 100 mm e 111 mm Fra = 600EN < Frany = —— (d; - ..{-:.,.)i = 1791 kN
2,/2 Yam
. o 1 Iy T
Frsy = 1TNEN < Fryya = —=ndggtsp—— = 1950 kN
V'3 Tam
Fpg = 600EN < Fi,. = we{by, — d) 'f— =624 kN
Tam

Copyright ® Durability — November 2020 Page 15/16



Durability — Part C — Examples

" terrasol

ArcelorMittal
setec
e Bearing plates for bolt definition and check:
Plate @
Front Back
Steel grade 5235 “ Ty 235 MPa Steel grade 5235 v | Ty
bs 231 mm ha 346 mm ba 231 mm ha
ta 28 mm d 48 mm ta 28 mm d
Nut @ Nut @
dza 70 mm dsa 70 mm

Front plate

Geometry
b, = 231 mm = (L.8h = 231 mm
hy = Mémm =< 1.5h, = 347mm

d
t, = 28 mm > nmr[TA:‘ZFI] = 24 mm

Loads
Frg = 300N £ Fyyvpa =

2 e :
=5~ {b — ) + /(b — 7+ 36]] (ha — a‘)% = 313kN

Fpg=300EN £ Frapy = — (&, — 2) L grsrn
Q\.-"E o CYam

1
Frs1 = 6TBEN < Frygo = —-dsg  ta Jy = 833 kN
|]

NG Ym

It’s important to note that Durability is able to suggest plate dimensions which satisfy all requested criteria (=)

Back plate

Geometry
b, = 231 mm = (L8h = 231 mm
he = Mémm < 1.5 = T mm

d
t, = 2B8mm > nmr[TA:‘zf‘r] = 24 mm

Loads
Frg = 300kN < Fypypa =

:2 " S e g el 91 4 -
= E[—{b,, — d) + /(b — @' + 32| (ha — dJ% = 313EN
Frg = 300kN < Fpag = ——=(dg; — rﬁ}ﬂ = GTREN

24 “Fam

e  Sheet pile check at the anchor level

Sheet pile
Shear resistance of flange (EC3-5 §7 4.3 (38))

Jy .
Ry = 2(ba + ha)ty = 3495 kN
'-./"'-:F‘.-.wn
Frg = 300EN < R\; g = 95 kN
Tensile resistance of webs (EC3-5 §7.4.3 (3b))

‘i??lr.Hn' = 2-h'n?u'ﬂ = 2827 kN
Yam

Fp.'r_l = 300 kN i R“,—_ Iid = DRAT kN
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