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1. Cantilever wall

1.1. Description
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This example shows a cantilever wall in a multilayer soil (gravel — sand — clays). An excavation is planned on the front
side of the wall over a height of 4.0 m. Top level of the sheet pile is considered at 30.0 m, so excavation level is at
26.00 m. The water table is at 22.50 m. Constant permanent load (20 kPa) must be taken into account at the top level
of the back side. PU 32 section has been chosen in the design.

Prosheet may help to deduce minimum embedment required to ensure global wall equilibrium.

Calculation will be done according to Classical and Eurocode 7-1 methods.
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Figure 1. Cross-section
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1.2. Classical method

The classical method aims to get the wall equilibrium with no ponderation on actions but with possible global safety on
passive earth pressure (St factor). No local standard is used in this method.

Project  Sheetpile  Soil  Hydraulic  Loads Results  Scenario synthesis Project  Sheetpile  Soil  Hydraulic  Loads Results  Scenario synthesis
Description Head wall
Description Cantilever wall (Classical) Sheet pile section
Type of project Type All -
Name PU 32 -
Sort by Catalogue -
Cantilever wall Anchored wall s
—_ — =, 1o
J~esr TN
o Ba ¥ i
\ gf
N2
\ /i
Propped wall Anchor wall 1200
P —
—1] Geometry
>
Ztop 30.00 m
Head wall and anchor wall
2 Q.00 *®
Calculation method Reduction factors (U-piles)
® Classical Bp 1.00
) Eurocode 7-1 Show factors
Options
Elevation definition Levels -
Calculation step 0.50 m

["] Seismic calculation

Figure 2. Project and Sheet pile tabs

First, one has to choose type of project: Cantilever wall for this project. Our calculation will be made with Classical
method. We choose to define the cross-section with levels (depths option is also available). Calculation step is defined
equal to 0.50 m, it means that results will be provided every 0.50 m without no impact on the bottom level of the sheet
pile.

In this project, we aim for a global safety on passive earth pressure of at least 1.90. No over-length for the moment.

T Factors = O X
Factors on...
Soi
Passive earth pressure S £ min 1.90
Ok

Figure 3. Global safety on passive earth pressure

Then, soil geometry and materials must be defined in both sides of the wall. Natural ground level (NGL) may be
horizontal, inclined or berm. According to the cross section, we choose horizontal and define zo = 25.50 m for the
front side. At the back, we also define a horizontal soil at zo = 30.0 m.

Please, input following soil parameters. Active and passive earth pressures coefficients may be calculated automatically
by Prosheet according to Kérisel-Absi tables. They may be also defined by the user with “Custom” mode.
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Natural ground level (NGL)
Front
@® Horizontal
Zy
O Inclined Zo 26.00 m
) Berm
Back
@® Horizontal z
O Inclined Zo 30.00 m
) Embankment
Soil layers
% o e (2 s ® Automatic (Kerisel-Absi tables) @
av. Bpv.Rac ReC- 1 custom
Front
Z top ¥ Y Ck Cd Qi Pd i
+ m) Name Color B I T e 4 1l sp/ ¢ Kpy, k Kpe,k  Drained
* 30.00 Gravel ~| 20.00 10.00 0.00 0.00 30.00 30.00 -0.500 4443 5.694
x 28.00 Sand [+v| 20.00 10.00 10.00 10.00 20.00 20.00 0500 251 4058
x 20.00 Clays [+] 19.00 9.00 15.00 15.00 25.00 25.00 -0.500 3319 4764
Back (K]
Ztop ¥ Y €k €4 [ Pd :
+ {m) Name Color _pum) kNI kN [N/me] rl ) 8a/ ¢ Kay, k Kac, k Kaymin  8p/ @ Kpy, k Kpc,k  Drained
* 30.00 Gravel ~| 20.00 10.00 0.00 0.00 30.00 30.00 0.660 0.283 1.237 0.000 0.000 3.000 3.464
x 28.00 Sand [~ 2000 10.00 10.00 10.00 20.00 20.00 0.660 0.431 1553 0.000 0.000 2.050 2856
x 20.00 Clays [~] 192.00 9.00 15.00 15.00 25.00 25.00 0.660 0.349 1.387 0.000 0.100 2289 2773

Soil database

Figure 4. Soil tab

After that, one must define hydraulic conditions. Two possibilities exist: phreatic level and custom pore pressure
diagram. In this project, we define the same condition and the same level for both sides: phreatic level at z»=22.60m.

Several loads may be defined in the same project: Caquot and Boussinesq loads applied on the soil, linear and
distributed loads and wave load applied on the wall.

Uniform permanent load will be modelled as Caquot load: 20 kPa at z = 30.0m.

Project  Sheetpile Soil Hydraulic = Loads Results ~ Scenario synthesis Project Sheetpile Soil Hydraulic | Loads : Results  Scenario synthesis
Head wall
Hydraulic conditions Loads on the soil <
Front
® Phreatic level Zw | 2250 m Caquot @
Side a
) Custom pore pressure diagram [kN/m?]
Front 0.00
Back 20.00
Boussinesq @
o . z a L q
N Side i) ] ] o] e
Back
(®) Phreaiic level Zw | 2250 m
() Custom pore pressure diagram Loads on the wall
Linear loads @
z F o
il kNim] I +

Figure 5. Hydraulic tab (left) and Loads tab (right)

Prosheet launch calculation automatically every time new input data is available.
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In Results tab we can find following information:

e  Graphs : displacement, bending moment, shear, earth and water pressures diagrams.
e Tables: numerical values of every diagram.
e Details: intermediate and final results and some checks.

4 Cantilever wall (Classical) # » + Project  Sheetpile Soil Hydraulic Loads Results  Scenario synthesis
| Graph | Table ‘ Details | Result case | Standard
Af 0.00 m
Results
20.00 Displ nent Rotation M Vv N Pressures
[mm] [rad] [kNm/m] [kN/m] [kNim] [kN/m?]
30.00
¥
Gravel
=0.00, ¢ = 30.00°,
=20.00,y'=10.00
28.00
i
Sand
=10.00, ¢ = 20.00°
= 2000, y'=10.00
26.00
L4
- 77i
Sand
=10.00, ¢ = 20.00
=20.00,y' =10.00
2250 2250
,,,,, L Y S P
20.25
20"y o — - 1~ .\ |
-45 0 45 T7E-003 0 TE-007 -230 0 230 -200 0 200 -30 0 30 75
Clays Clays Max = 0.00 mm Max = 7.00E-003 rad Max = 0.00 kNm/m Max = 175.49 kN/m Max = 28.58 kN/m Max = 67.43 kNim?
= 15.00 32 25.00¢= 1500 oe2500°  Min=-4441mm Min = 0.00 rad Min = -225 72 kNrim Min = 61.42 kN/m Min = 0.00 kN/m Min = 143 58 kNim?
Figure 6. Results tab (graph)
4 Cantilever wall (Classical) # » + Project Sheetpile Soil Hydraulic Loads Results  Scenario synthesis

‘ Graph | [ Table l ‘ Details | Result case | Standard

Af 0.00 m
Results
. . Passive earth Active earth

z Displacement Rotation M v N Dl;f::sr:::':l pressure pressure Wateerer:ssurﬁ Watek?gr:lssure

[m] [mm] [rad] [kNm/m] [kN/m] [kN/m] IkN/m] [kli?rfnt’] [ﬂl?n:}] [kNmT e
30.00 -44 41 7.00E-003 0 0 0 57 0 5.66 0 0
29.50 -40.91 7.00E-003 0 0 2 85 0 8.49 0 0
29.00 -37.41 6.99E-003 -4 -8 5 11.3 0 11.32 0 0
28.50 -33.92 6.97E-003 -10 -15 8 14.2 0 14.15 0 0
28.00 -30.44 6.93E-003 -19 -23 12 17.0 0 16.98 0 0
28.00 -30.44 6.93E-003 -19 -23 12 10.3 0 10.33 0 0
27.50 -26.99 6.85E-003 -32 -29 14 14.6 0 14.64 0 0
27.00 -23.60 6.72E-003 -48 -3r 17 18.0 0 18.95 0 0
26.50 -20.29 6.52E-003 -69 -48 21 233 0 23.28 0 0
26.00 -17.09 6.25E-003 -96 -61 25 276 0 27.57 0 0
26.00 -17.09 6.25E-003 -96 -681 25 6.2 21.36 27.57 0 0
25.50 -14.05 5.89E-003 -127 -61 27 27 34.57 31.88 0 0
25.00 -11.22 5.42E-003 -157 -58 28 -11.6 47.79 36.19 0 0
2450 0 4.85E-003 -184 -50 29 -20.5 61.01 40.50 0 0
24.00 0 4.21E-003 -206 -37 29 -29.4 74.22 44.81 0 0
2350 0 3.51E-003 221 -20 28 -38.3 87 .44 49.12 0 0
23.00 0 277E-003 -226 0.98 27 -47.2 100.65 53.43 0 0
2250 0 2.03E-003 -219 27 25 -56.1 113.87 b57.74 0 0
22.00 0 1.34E-003 -198 56 22 -60.6 120.48 59.90 5.00 5.00
21.50 0 7 43E-004 -163 87 19 -65.0 127.08 62.05 10.00 10.00
21.00 0 2 89E-004 =111 121 16 -69.5 133.69 64.21 15.00 15.00
20.50 0 3.43E-005 -41 157 13 -73.9 140.30 66.36 20.00 20.00
20.25 0 0.00 0 0 11 -76.1 143.58 67.43 22.48 22.48

Figure 7. Results tab (table)
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4 Cantilever wall (Classical) # »

Graph Table | I Details l

Results
Classical
St
Af

Global equilibrium
Zc
T+ Af
Ch

1.90
0.00 m

2025 m
575 m
175.5 kN/m

+ Project = Sheet pile

Safety factor on passive earth pressure
Over embedment length

Ancher point level
Embedment length
Counter-passive reaction

An over embedment length should be considered to ensure that counter-passive reaction is

mobilized

Vertical equilibrium

RvLett

Ry Right
Rven

R v Weight wall
R v External
Ry

Check

-92.8 kN/m
85.1 kN/m
0.0 kN/m
18.5 kN/m
0.0 kN/m
10.8 kN/m

Total axial load due to the left side

Total axial load due fo the right side

Vertical component of the counter-passive reaction

Dead weight of the wall

Total axial load due to external loading applied to the wall

Total axial load downwards
Ryg >0

Figure 8. Results tab (details)
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Hydraulic  Loads Results  Scenario synthesis

Result case | Standard ~

Af 0.00/ m

Required embedment to ensure global wall equilibrium with global safety on passive earth pressure equal to 1.90 is
5.75 m, that is bottom level at 20.25 m. Required counter-passive earth reaction is 175.5 kN/m to ensure global
equilibrium. An overlength should be considered to ensure that counter-passive reaction is mobilized.

Finally, vertical resultant force is downwards (positive value) so vertical equilibrium is coherent. Bearing capacity has
to be checked with 10.8 kN/m at the bottom level of the sheet pile wall.

Page 6/19
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1.3. Eurocode method

Prosheet — Part C — Examples

Prosheet allows to switch quickly from one calculation method to another one. Please, choose Eurocode method in the

Project tab and take a look to the partial factors set for Approach 2*

Partial factors on.

Project  Sheetpile  Soil  Hydraulic = Loads Results | Scenario synthesis -
Description Active earth pressure ¥opa 135
Description Cantilever wall (Classical)
Passive earth pressure ¥ po 1.40
Type of project
Water
Water pressure (destabilizing) Y pwdst 135
Water pressure (stabilizing) ¥ pust 1.00
Wall
Cantilever wall Anchored wall Wall weight Yw 135
" Loads applied on the soil
= Permanent
Favorable Y loads, soil, G, stb 1.00
Unfavorable Y Ioads, soil, G, dst 135
Propped wall Anchor wall Transient
( P Favorable ¥ loads. soil. @, sth 0.00
_{ Uniavorable Y loads, soil, Q, dst 1.50
> Loads applied on wall
Permanent
Head wall and anchor wall Favorable ¥ loads. wall. G, st 1.00
Uniavorable Y loads. wall. G, dst 1.35
Transient
Calculation method Favorable ¥ loads, wall, @, stb 0.00
) Classical Unfavorable ¥ loads. wall. @. dst 150
s Eurocode 7-1 Approach : | 2* Show factors SRS
Drained friction angle Yo 1.00
Opfions Drained cohesion Yo 1.00
Elevation definition Levels . Undrained friction angle You 1.00
Calculation step 0.50 m Undrained cchesion Yeu 1.00
["] Seismic calculation Ok
Figure 9. Sheet pile tab and partial factors for Approach 2*
Results are immediately available in Results tab in ULS and SLS.
« Cantilever wall (Eurocode) # » Project Sheetpile Soil Hydraulic Loads FReszults  Scenario synthesis
Graph | Table | | Details | Result case  Standard ~
Af 20.00 %
Results
w ULS O 3LS ) ULS and SLS
2000 Mg Vg Ny Pressures
= [kNmim] [kNim] [kNim] [kNim]
30.00
¥
Gravel
¢ =0.00, g =20.00°,
¥ = 20.00, \r'2=3_68.00
Sand
©=10.00, p = 20.00°,
%5 3500, v =10.00
Sand
¢ = 10.00, § = 20.00°,
¥ =20.00, y' =10.00
2250 72 50
20.00 20.00 .
) I
dEE Sy Clays
c=1500 =2500% = c=1500 p=2500° 355 i 310 -140 0 140 -40 i 40 200 100 0 100 20 200

y=18.00. ' =9.00 PU3g=18.00. y'=8.00 Mazx = 0.00 kNm/m

Min = -302.19 kNm/m

Max = 134.53 kN/'m
Min = -22.82 kiNim

Max = 38.51 kN/m
Min = 0.00 kN/m

Figure 10. Results tab (ULS results graphs)

Copyright ® Durability — May 2022

Max = 200.26 kMN/m*
Min = 184.72 kN/m*
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« Cantilever wall (Eurocode) # » Project Sheetpile Soil Hydraulic Loads FReszults  Scenario synthesis
Graph | Table | | Details | Result case | Standard ~
AF 20.00 %
Results
O ULs w SLS O ULS and SLS
S Displacement Rotation Msy s Vais Nsis Pressures
[mm] [rad] [kNmim] [kNim] [kN/m] [kNim3]
30.00
¥ ¥ 4
Gravel
= 0.00, g = 30.00°
= 20.00, v = 10.00
28.00
Sand
& 10.00, g = 20.00°
W= 20.00, y' = 10.00
26.00
Sand
= 10.00, g = 20.00)
=20.00, v = 10.00
2250 2250
- X __ RS _
‘ r T 1 r 1 r T 1 L T 1 r T 1 r T T T 1
18 ] 18 35003 O 3E-00% -150 0 150 -120 0 120 25 [ 25 20 105 0 105 210 315
Py 3z Maz = 0.00 mm Max = 3.23E-003 rad WMaz = 0.00 kNmim Masc = 11250 kNim Max = 24.65 kMim Max = 2168.72 kMim?
Min = -15.87 mm Min = 0.00 rad Min =-142.07 kNm/m Min = -60.54 kN/m Min = -6.05 kN/m Min = 200.30 kNim?

The length of the pile is determined with the ULS combination and the deflection/deformation with SLS combination.

Figure 11. Results tab (SLS results graph)

According to Eurocode 7-1, embedment is calculated from ULS calculation considering partial factors, active and
passive earth pressure. Eurocode 7-1 (NF P94-282) requires to check embedment length and counter-passive
reaction). An overlength of Af = 20% of the embedment length has been considered to ensure the mobilization of the
counter-passive earth pressure

« Cantilever wall (Eurocode) # » + Project  Sheetpile  Seil Hydraulic Loads Results  Scenario synthesis
. Graph . Table . | Details Result case | Standard
Af 20.00 %
Results
® ULS O SLS
Global equilibrium - Methed F
zo 2555 m  Null differential pressure level
Zc 2026 m Mull glebal momentum level
ZPp 19.20 m Bottom level of the shest pile \
fo 529 m Embedment length required to balance global
- moment oL\ 2
fo 635 m  Available embedment length Pha ~
folfg 120 Ratio of embedment lengths A p |
o/ fo = 1.20 c &
Check (v Filfoz A T
Counter-passive reaction check
Counter reaction necessary to
Cha il LT balance r:orizonial forces
Cma 265.3 kN/m Available counter-passive reaction
T 0.871 Maobilization factor of the counter-passive
8 reaction
Check (V] Cht < Crv
Vertical equilibrium SRyg T
R vdLes -1256 kN/m Total axial load due to the left side l
R va Rignt 114.7 kNim Total axial load due to the right side s
R vachs 00 KN/m Venit_:al component of the counter-passive | |2Ryg
reaction Ry s J
R vo Weight wal 27.7 kN/m Dead weight of the wall o 1 g
Total axial load due to external loading applied
R va 2o B S o
R ya 16.8 kN/m Total axial load downwards 1
Check Rea>0 ARl R,
Figure 12. Results tab (ULS Details)
Page 8/19 Copyright ® Durability — May 2022
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2. Anchored wall

2.1. Description

This example shows an anchored wall in a multilayer soil. An excavation is planned on the front side of the wall over a
height of 12.0 m. Top level of the sheet pile is considered at 30.0 m, so excavation level is at 18.0 m. The water table
is assumed to be very deep in relation to the project. Uniform permanent load (20 kPa) must be considered at the top
level of the back side. AZ 32-750 section has been chosen in the design.

Anchors level is at 25.0 m, inclined of 30° with 10.0 m of free length and 7.0 m of embedment length.

Calculation will be done according to Classical method considering a fixed earth support. In this case, Prosheet ensures
global equilibrium horizontal forces as well as global momentum equilibrium using Blum assumption, which consists of
to assume that null differential pressure level matches with null bending moment level.

20.00

3“'““1_+ E L S ¥ 4 3

Gravel
= 0.00, @ = 30.00%,
=18.00,y'=10.00

25.00
Y

1113-‘:"3' Sand
rrZd c=0.00, p =20.00°,
Sand Y =20.00, v =10.00
c=0.00, @ =20.00°,
vy =20.00, v =10.00
10.00 10.00
h 4 h
Clays Clays
c=10.00, ip = 25.00%, ¢ =10.00, @ = 25.00°,
y=19.00, v =9.00 vy =19.00, v =9.00
AZ 32-T50

Figure 13. Cross-section
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2.2. Classical method

Project  Sheetpile  Soll Hydraulic Loads

Description
Description

Type of project

Cantilever wall

Propped wall

Results ~ Scenario synthesis

Anchored wall

Anchor wall

=

Head wall and anchor wall

Calculation method

®) Classical

O Eurocode 7-1

Options
Elevation definition Levels o
Calculation step 0.50 m

[] Seismic calculation

AN

ArcelorMittal
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Project Sheetpile  Soll Hydraulic Loads Results  Scenario synthesis

Head wall

Sheet pile section

Type Al B
Name AZ 32-750 -
Sort by Catalogue v

5110

~22 | %[

E

L 1500 N
Geometry
|| 2o 3000/ m

A 0.00|°

Earth support

) Free earth support

(®) Fixed earth support

Active anchor

z 2500 m
13 30.00
L Free 10.00/ m
L Embedded 7.000 m

Figure 14. Project tab (left) and sheet pile tab (right)

In this project, we aim for a global safety on passive earth pressure of at least 1.50.

Factors on...
Soi
Passive earth pressure S5 min 150

Figure 15. Project tab and global safety factor on passive earth pressure
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Soil definition is given on the following figure:

Project Sheetpile  Soil  Hydraulic Loads Results  Scenario synthesis
Natural ground level (NGL)
Front
® Horizontal
Zy
© Inclined Zy 18.000 m
O Berm
Back
® Horizontal L)
O Inclined Zy 3000 m
) Embankment
Soil layers
B D (i, B Automatic (Kerisel-Absi tables) @
v RevRasRRE (O custom
Front
Zop Y ¥ cx L%} Pk Pd :
+ o Name Color (e NmT kN (kN o o 8p/¢  Kpyk Kpc,k  Drained
b4 30.00 Gravel ~| 18.00 10.00 0.00 0.00 30.00 30.00 -0.330 3.932 4985
x 20.00 Sand [+~| 2000 10.00 0.00 0.00 20.00 20.00 -0330 2381 3.699
b4 10.00 Clays [~] 19.00 9.00 10.00 10.00 25.00 25.00 -0.330 3.062 4.264
Back (K]
+ Zwp Name Color Y Y G € Pl ®d 8a/¢@  Kayk Kac,k  Kaymin 8p/¢  Kpyk Kpe,k  Drained
[m] __ [kNim?] [kN/m] [kN/m?] [kN/m?] r1 r1 v ! ! ' !
x 30.00 Gravel 18.00 10.00 0.00 0.00 30.00 30.00 0.660 0.283 1.237 0.000 -0.660 4.959 6.271
b4 20.00 Sand 20.00 10.00 0.00 0.00 20.00 20.00 0.660 0.431 1.553 0.000 0660 2669 4337
x 10.00 Clays [~| 19.00 9.00 10.00 10.00 2500 25.00 0.660 0.349 1.387 0.000 -0.660 3,536 5160

Figure 16. Soil tab

Loads definition is given in the following figure:

Project  Sheetpile Soil  Hydraulic Results  Scenario synthesis

Loads on the soil

caquot @
. q
Side [kNim?]
Front 0.00
Back 20.00

Figure 17. Loads tab

Copyright ® Durability — May 2022 Page 11/19
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Results tab provides all results we need, in particular:

« Anchoredwall # » + Project  Sheetpile  Soil Hydraulic = Loads

Scenario synthesis

I Table | Details Resultcase | Standard ~

Results
Displacement Rotation M v N Pressures
[mm] [rad] [kNmim] [kNim] [kNim] [kN/m3
20 00
30.00
! —
Gravel
=000, 9= 3000
v=18.00,v =10.00
25.00,
!
20
13.00 Sand
—_ %= 000.p=2000°
o v=2000,v=10.00 E
=000, 0 = 20.00°, §
v=2000,y =10.00 g
10.00 g0
Y yA—
Clays Clays
c=10.00, 9= 25.00°, i = 10.00, @ = 25.00°,
V=100 v =By [y = 12,00,y =9.00
002 -1 100 1100 -800 300 -600 0 800 500 250 0 250
LR Max = 115 19mm Max = onz rad Max = msa 47 kNm/m Max = ??5 15 kNim Max = 573 94 kN/m WMax = 172.40 k/m*
Min =106 67 mm Min = -0.02 rad Min = 969 52 kNm/m Min = -307.89 ki/m Min = 0.00 kN/m Min = 48388 kN/m?
Figure 18. Results tab (graph)
<« Anchored wall & » + Project  Sheetpile  Soil  Hydraulic — Loads Results  Scenario synthesis
| Grapn | | Table | | Detaits | Eeiess [T -
Results
Differential  F2SSive earth  Active earth Water Water
F Displacement Rotation M v N pressure pressure pressure pressure
[m] [mm] [rad] KkNmim]  [kNim] [kN/m] b b Left Right Left Right
kN/m?] [kN/m?] [kN/m?] [kN/m?]
30.00 115.19 -0.02 0 0 0 57 0 5.66 0 0 -~
29.50 103.83 -0.02 0 0 2 52 1] 821 0 0
29.00 92.47 -0.02 -4 -8 5 108 1] 1075 1] 0
28.50 &1.11 -0.02 -9 -14 7 13.3 0 13.30 0 0
28.00 59.73 -0.02 -18 -22 11 15.8 0 15.85 0 4]
27.50 98.33 -0.02 -3 -30 15 18.4 0 18.40 0 0
27.00 46.88 -0.02 -48 -40 19 209 4] 2094 4] 0
26.50 35.36 -0.02 - -51 24 235 0 2349 0 4]
26.00 23.74 -0.02 -100 -63 29 260 0 26.04 0 4]
25.50 11.97 -0.02 -135 =77 35 286 0 28.58 0 0
25.00 0 -0.02 177 -92 41 311 0 3113 0 0
2500 0 -0.02 177 332 286 311 1] 31.13 0 0
24.50 -12.17 -0.02 -15 316 293 337 0 3368 0 4]
24.00 -24.37 -0.02 139 299 300 36.2 0 36.22 0 0
23.50 -36.36 -0.02 284 280 307 38.8 0 3877 0 0
23.00 -47 95 -0.02 419 260 315 413 1] 41.32 0 0
22.50 -58.92 -0.02 544 239 324 43.9 4] 43.87 1] 0
22.00 -69.11 -0.02 657 216 332 46.4 0 46.41 0 4]
21.50 -78.34 -0.02 759 192 342 490 0 48.96 0 4]
21.00 -86.46 -0.02 849 167 352 518 0 51.51 0 0
20.50 -93.35 -0.01 926 141 362 541 0 54 05 1] 0
20.00 -96.90 -9.68E-003 930 113 373 56.6 1] 56.60 0 0
20.00 -98.90 -9.68E-003 990 113 373 86.2 0 86.20 0 4]
19.50 -103.00 -6.72E-003 1036 69 384 90.5 0 90.51 0 0
19.00 -105.60 -3.67E-003 1058 23 395 94.8 0 94.82 0 0
18.50 -106.67 -5.85E-004 1058 -26 408 991 1] 9913 0 0
18.00 -106.19 2.46E-003 1032 -T7 420 103.4 0 103.44 0 4]
17.50 -104.22 5.40E-003 981 -125 433 919 15.87 107.75 0 0 =

Figure 19. Results tab (table)
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4 Anchored wall & » +
| Grapn | | Table | [ Details
1.50
Global equilibrium
Zo 13.53
Zg 6.68
f 11.32
Ta 490.0
Tax 424 4
Tay 2450
Ch 7752
Vertical equilibrium
R vLeft -319.6
R v Right 549.9
Ryen 2296
R v Weight wall 36.3
R v External 2450
Ry 282.0
Check 9

m
m

m

kN/m
KN/m
KN/m
KN/m

KN/m
kN/m

KN/m
KN/m
KN/m

KN/m

Project

Safety factor on passive earth pressure

Null differential pressure level

Bottom level of the sheet pile

Embedment length

Axial anchor reaction

Horizontal component of the anchor reaction
Vertical component of the anchor reaction
Counter-passive reaction

Total axial load due to the left side
Total axial load due to the right side

Vertical component of the counter-passive
reaction

Dead weight of the wall

Total axial load due o external loading applied
to the wall

Total axial load downwards
Raz0

Prosheet — Part C — Examples

Sheetpile  Soil  Hydraulic Leoads

Results  Scenario synthesis

Result case | Standard

Ab\
| Ta
Ol
f Py , P.
c G,
x.R,l'
- ARy
Y
ARy
R |l

Figure 20. Results tab (details)

Null differential pressure level and null bending level is z=13.53m (Blum’s assumption).

Required embedment to ensure global wall equilibrium with global safety on passive earth pressure equal to 1.50 is
11.32 m, that is bottom level at z = 6.68 m. Required counter-passive earth reaction is 775.2 kN/m to ensure global
equilibrium. An overlength should be considered to ensure that counter-passive reaction is mobilized.

Finally, vertical resultant force is downwards (positive value) so vertical equilibrium is coherent. Bearing capacity has
to be checked with 282.0 kN/m at the bottom level of the sheet pile wall.

Copyright ® Durability — May 2022
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3. Head wall and anchor wall system

3.1. Description

This example shows a head wall and anchor wall system in a multilayer soil. An excavation is planned on the front side
of the wall over a height of 16.0 m. Top level of the sheet pile is considered at 30.0 m, so excavation level is at 14.0 m.
The water table is assumed to be very deep in relation to the project. Uniform permanent load (20 kPa) must be taken
into account only at the top level of the head wall back side. AZ 52-700 section has been chosen in the design for the
head wall and AZ 32-750 for the anchor wall, separated by 21 m. The tie rods are inclined between levels 26.0 m (at
the head wall) and 25.0 m (at the anchor wall).

Calculation will be done according to Eurocode method (approach 2*) considering a free earth support for the head
wall as well as anchor wall.

20.00
30.00 30.00 30.00
) 4 l/'_/ ¥ ¥ ¥ Yy
d
Gravel Sand 2806 Sand
26.00 ¢ =0.00, 9 =30.00°, ¢ =0.00, 9 =20.00°, ¢ =0.00,9=20.00°,
Ty ¥=18.00, v = 10.00 ¥ =20.00, v = 10.00 ¥ =20.00, v =10.00
— 25.00
20.00 |
X AZ 32-750
Sand

©=0.00, ¢ = 20.00°,
¥ =20.00, v = 10.00

14.00
Sand
c=0 = 20.00°,

V= 2#39?]! =10.00 y o
Clays Clays
c=10.00, ¢ = 25.00°, ¢ =10.00, p = 25.00°,
v=19.00,y' =9.00 v =19.00,y' = 9.00

AZ 52-700

Figure 21. Cross section
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3.2. Eurocode method

Project  Sheetpile  Soil Hydraulic Loads Results

Description
Description

Type of project

Cantilever wall Anchored wall

Propped wall Anchor wall

—

Head wall and anchor wall

D 21.00 m
Calculation method
() Classical
® Eurocode 7-1 Approach : | 2* v
Options
Elevation definition Levels O
Calculation step 0.50 m

[] Seismic calculation

Scenario synthesis

Partial factors on

water pressure diagrams

Soi

Active earth pressure (destabilizing)
Active earth pressure (stabilizing)
Passive earth pressure

Water
Water pressure (destabilizing)
‘Water pressure (stabilizing)

Wall
‘Wall weight

Loads applied on the soil
Permanent

Favorable

Unfavorable

Transient

Favorable

Unfavorable

Loads applied on wall
Permanent
Favorable
Uniavorable
Transient
Favorable
Unfavorable

Soil parameters

Drained friction angle
Drained cohesion
Undrained friction angle
Undrained cohesion

Anchor

Anchor reaction
Destabilizing force on the
anchor block (Kranz)

Figure 22. Project tab and partial safety factors

Project Sheetpile  Soil  Hydraulic = Loads Results  Scenario synthesis
Anchor wall
Sheet pile section
Type All ¥
Name AZ 52-700 il
Sort by Catalogue ¥
¥ 170

a| / A

5 |4 )

' - N

@ ' b
= 1400 ol

Geometry
Z top 30.00 m
X 0.00 °
Tie-rods
Z head wall 26.00 m
Z anchor wall 25.00 m
L 21.02m
o 38

Project Shectple Sol  Hydraulic
Head wall Al or W
Sheet pile section
Type Al .
Name Az32750 |
Sort by [catalogue  ~
.,
2/
&
i £
Geometry
Zwp 28.00/ m
2 0.00| °

Earth support

@ Free earth support

() Fixed earth support

Tie-rods

Z head wall 26.00 m
Z anchor wall 25.00\ m
(L, 21.02 m
o HAT

Loads

Prosheet — Part C — Examples

¥ pa.dst
¥ pasth
Y b

¥ pwdst
¥ pwsts

Yw

Y loads. soil. G, stb
Y loads. soil. G, dst

¥ loads. soil. @, st
Y loads. soil. Q. dst

¥ loads. wall. 8. stb
Y loads, wall. G, dst

Y loads, wall, @, stb
Y loads. wall. Q. dst

Ye
O
You
Yeou

Y anc

Yk

Results

1600

Figure 23. Sheet pile tab (head wall on the left and anchor wall on the right)
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135
1.00
1.40

135
1.00

135

1.00
135

0.00
150

1.00
135

0.00
150

1.00
1.00
1.00
1.00

135
1.10

Distinguish between the stabilizing and destabilizing parts of the active earth and

Scenario synthesis
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Project  Sheetpile  Soil  Hydraulic  Loads Results  Scenario synthesis
Head wall | | Anchor wall
Natural ground level (NGL)
Front
(®) Horizontal Zo 14.00/ m
) Inclined
O Berm Aa 0.00 m
Back
(® Horizontal Zy
O Inclined Zo 30.00| m
) Embankment
Soil layers
P B B o Automatic (Kerisel-Absi tables) @
ar By, hac BRe -y custom
Front
Z top Y Y Ck ca Pk Pd i
+ et Name Color T RNmT kNmT RNm 0 ™ sp/o  Kpyk Kpc,k  Drained
b4 30.00 Gravel E 20.00 10.00 0.00 0.00 30.00 30.00 -0.660 4959 6.271
x 20.00 Sand _E 20.00 10.00 0.00 0.00 20.00 20.00 -0.660 2669 4337
x 10.00 Clays _E 19.00 9.00 10.00 10.00 25.00 25.00 -0.660 3536 5160
Back (K]
Z top ¥ y Ck 4 Px Pd ' i
+ s Name Color N S A 15 da/p  Kayk Kac,k  Kaymin  8p/¢@  Kpyk Kpc,k  Drained
» 30.00 Gravel E 158.00 10.00 0.00 0.00 30.00 30.00 0.660 0.283 1.237 0.000 -0.660 4.959 6271
x 20.00 Sand _E 20.00 10.00 0.00 0.00 20.00 20.00 0660 0.431 1.553 0.000 0660 2669 4337
3 10.00 Clays _E 19.00 9.00 10.00 10.00 2500 25.00 0.660 0.349 1387 0.000 -0.660 3536 5160
oil dalabase
Figure 24. Soil tab (head wall)
Project  Sheetpile Soil  Hydraulic Loads Results  Scenario synthesis
Head wall ‘ | Anchor wall
Natural ground level (NGL)
Front
Haorizontal Zo 30.00|m
O Inclined Aa 0.00|m
Back
@ Horizontal Z
Zy 30.00 m
O Inclined
Soll layers (B3]
Koo Koo Koo Kon: Automatic (Kerisel-Absi tables) @
TPy, ac, B pe - ) Custom
Front
Z top ¥ Y Ck cd Pk @d i
+ il Name Color W NmT N kN 5 © &p/ o kpy, k kpc,k  Drained
x 3000 Sand _|Z| 2000 1000 0.00 0.00 2000 20.00 -0.330 2381 3.699
Back (R
Z top ' Ck cd Pk ¢d i
+ it Name Color [m‘j'm,] N}'ﬂn’] v o I 8a/¢  Kayk Kac,k kaymin 8p/¢  kpnk  kpc,k Drained
x 30.00 Sand 20.00 10.00 0.00 0.00 20.00 20.00 0.660 0431 156583 0.000 -0.660 2669 4337
Soil database
Figure 25. Soil tab (anchor wall)
Project Sheetpile Seil Hydraulic Loads Results ~ Scenario synthesis
Anchor wall
Loads on the soil (]
caquot @
i q
Side [N Type Nature
Front 0.00 Permanent Favorable
Back 20.00 Permanent v Unfavorable ~
Figure 26. Loads tab
Page 16/19
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Seismic | Resulis  Scenario synthesis

o v

Result case | Standard v
[] Select automatically the worst case (highest bending moment)

« Description # » + Project  Sheetpile  Soil  Hydraulic ‘ Loads

Results
® ULS O sLs O ULS and SLS

Mg Vg Ng Pressures
[kNmim] [kNim] [kNim] Nim?]

20.00

o 5600 -910 0 0
Max = 5598 09 KNm/m Max = 900 66 kN/m Max = 60329 kN/m Max = 232.74 kN/m*
Min = -134 48 kNm/m Min = -874 54 kN/m Min = 0.00 kN/m Min = 48616 kN/m*

Figure 27. ULS results (graphs for head wall)

4 Description & » 4 | Project ‘ Sheet pile Hydraulic ‘ Loads Seismic  Results | Scenario synthesis

-

Result case

[[] Select automatically the worst case (highest bending moment)

Soil

Results
® ULS O sLs (O ULS and SLS

Pressures
[kN/m7]

0
Max = 32.60 kN/m

Min = 1437 kNim

Figure 28. ULS results (graphs for anchor wall)
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<« Description

>

Graph | | Table |

Results

® ULS

Global equilibrium
zr
f
Ta
TAx
Tﬁy

Kranz
Zp
Xc
2B
a
Woigt

Pan
Pay
Paop
Pav

Ry
Ry

T dsbik
T dena
T ref.d
Tretk
Check

Vertical equilibrium
R yaLer
R v might
R vd weight wall

R vd External

R va
Check

Head wall

8L

485 m
915 m
987 4 kN/m
986.2 kN/m
47.0 kN/m

485 m
21.00 m
2114 m

0.00 ¢

71266 kN/m

3120.6 kNim
625.3 kN/m
248.5 kN/m

0.0 kN/m

-1737.8 kN/im b

6501.4 kN/m

1134.3 kNim

1031.2 kNim
987.4 kN/m
731.4 kN/m

G

-624.8 kN/m
855.0 kN/m
84.4 kN/m

47.0 kN/m
361.5 kN/m

o

Project = Sheetpile  Soil

Bottom level of the sheet pile

Embedment length

Axial anchor reaction

Herizontal component of the anchor reaction
Vertical component of the anchor reaction

Null shear level

Abscissa of the anchor point
Anchor point lavel

Inclination of the anchoring force

Total weight of the massif taking into account
external loads

Horizontal component of front reaction
Vertical component of front reaction
Heorizontal component of back reaction
Vertical component of back reaction

Total horizontal resultant force applied to the
lock

Total vertical resultant force applied to the
block

Destabilizing anchoring force (characteristic
valug)

Destabilizing anchoring force (design value)
Axial anchor reaction = T_A (design value)
Axial anchor reaction (characteristic value)
Ty, s

Total axial load due to the left side

Total axial load due to the right side

Dead weight of the wall

Total axial load due to external loading applied
to the wall

Total axial load downwards

R.g=0

c’ terrasol /%\
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Hydraulic  Loads Results  Scenario synthesis
Wall Head wall ~
Result case | Standard ~
- " o Zs
=N L
Wo (+F.) {
i l | Py
——
T Par
Pin h |
Py —
oo T
-1 JESTE. e
Fleg f
Ry
ARyq
:l ARyg l
ARy ll ARy <
ARya l Rud

Figure 29. ULS results (details for head wall)

Required embedment to ensure global wall equilibrium is 9.15 m, that is bottom level at z = 4.85 m. Anchor reaction is
987.4 kKN/m (ULS design value).

According to Eurocode (NF P94-282), Prosheet has performed Kranz check automatically considered C level at the
bottom level of the anchor wall. Reference effort (design value) is 987.4 kKN/m (anchor reaction), which is less than
1031.2 kN/m (destabilizing effort, design value).

Finally, vertical resultant force is downwards (positive value) so vertical equilibrium is coherent. Bearing capacity must
be checked with 361.5 kN/m at the bottom level of the sheet pile wall.

Page 18/19
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<« Description

Graph. Table. Details

Results
® ULS O SLS
Global equilibrium
Ta 987.4 kN/m
Tax 986.2 kN/m
Tay 47.0 kN/m
Z ad 2337 m
ze 20.40 m
f 760 m
Kranz
Zp 2040 m
Xc 21.00 m
Zg 485 m
a 0.00 ©
W tat 7297.8 kNim
Pan 461.6 kN/m
Py 80.2 kN/'m
Pan 3099.9 kN/m
Pav 0.0 kN/im
Ry 10 914.6 kN/m
Rv 72176 kNim
T dsbik 8 276.3 kN/m
T dsbid 75239 kNim
T reta 987.4 kN/m
T refk 731.4 kN/m
Check (v]
Vertical equilibrium
R v Left -173.5 kN/m
R va might 120.3 kN/m
R vd weight wall 0.0 kN/m
R vd External 47.0 kN/m
R4 9.8 kNim
Check "1 )
Anchor wall

c’ terrasol

Project = Sheetpile  Soil

Axial anchor reaction

Herizontal component of the anchor reaction
Vertical component of the anchor reaction
Anchor level calculated

Bottom level of the sheet pile

Embedment length

Null shear level

Abscissa of the anchor point
Anchor point lavel

Inclination of the anchoring force

Total weight of the massif taking into account
external loads

Herizontal component of front reaction
Vertical component of front reaction
Horizontal component of back reaction
Vertical component of back reaction

Total horizontal resultant force applied to the
block

Total vertical resultant force applied to the
block

Destabilizing anchoring force (characteristic
value)

Destabilizing anchoring force (design value)
Axial anchor reaction = T_A (design value)
Axial anchor reaction (characteristic value)
T < T

Total axial load due to the left side

Total axial load due to the right side

Dead weight of the wall

Total axial load due to external loading applied
to the wall

Total axial load downwards

R, =0

Prosheet — Part C — Examples

Hydraulic  Loads Results  Scenario synthesis

Wall | Anchor wall ~

Result case | Standard ~

LAY

[LLAN

Pan

=3
=
£
o
]

ARyd

S ARV

_'aR\,-IL <

ARy l S

Figure 30. ULS results (details for anchor wall)

Input anchor reaction is 987.4 kN/m (ULS design value). Initially, anchor level was defined at 25.00 m. After calculation,
anchor level has been recalculated to ensure momentum equilibrium, that is za1 = 23.37 m .

Required embedment to ensure global wall equilibrium is 7.60 m that is bottom level at z = 20.40 m.

Finally, vertical resultant force is downwards (positive value) so vertical equilibrium is coherent. Bearing capacity must
be checked with 9.8 kN/m at the bottom level of the sheet pile wall.
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