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D.1. Tutorial 1: Soldier pile wall with struts

We will be studying a composite wall of the soldier-pile type. The stability of the wall will be
guaranteed by two layers of struts.

HEB 360 every 2.20 m

Sheeting

3D view of retaining structure project

CROSS-SECTION
A\é 4.0m 10m
Storage area (50 kPa)
2 e LTI
ZTN = +14.0 NGF
1t level of struts: z=+13.0 NGF
Clays 1
Excavation to +12.0 m Z=+12.0 NGF
Clays 2
Z =+10.0 NGF
2" |evel of struts: z =+9.0 NGF
............ 120m Sands

Excavation to +8.0 m

FF = +5.0 NGF

zw = +4.0 NGF

zw = +4.0 NGF

3.0m

2,0 = +2.0NGF V-

Calculation cross-section
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The retaining structure is situated 4 metres from an existing storage area, which can be
compared to a constant load of 50 kPa over a length of 10 metres.

The modelling of the wall shall consider an initial phase to take account of this load that
exists prior to the construction.

The retaining structure consists of two circular concrete piles reinforced by a metal section
inside each pile. We consider that the metal beams alone take up the wall internal loads.

The characteristics of the piles are as follows:
e Diameter = 0.62 m

e Spacing = 2.20 m (axis-to-axis)
¢ Metal section: HEB 360

In the initial phase we will apply the active/passive earth pressure reduction coefficients to
take account of the composite nature of the wall.

The phasing then comprises 3 excavation phases with gradual installation of sheeting and 2
levels of struts: HEB 320 spaced 4.40 m apart.

The soil cross-section comprises three soil layers. The characteristics of the layers are given
further on in the exercise. We will be carrying out a study without ULS checks using a MISS
calculation without weighting factors. The ULS checks will be dealt with in other examples.
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D.1.1. Step 1: Data input

To start K-Réa:

e Double-click the K-Réa icon.
e Choose the appropriate protection mode, select the appropriate language and click

OK.

e Choose New project to access the Title and Options form.

D.1.1.1. Title and options

Title and opticns

Title / Project number

Project type

Calculation title: Example 01

Project number: Example 01

Units

Units system: (@) Metric, kN, kNim?

() Metric, MN, MN/m?®

Definition of the project in

Additionnal checks
|:| Perform the ULS checks

Partial factors: Appr

Curves display

|:| Same horizontal scale for curves

Language for output

() French (@) English () Espafiol

() Metric, t, tm?

[ ! Imperial Simple wall

Calculation options

Number of iterations per phase: 100

Calculation step: 0.20 m

|:| Accounting for 2nd order moments

Advanced calculation options

Water options
Water weight: 10.00 kN

Hydraulic gradient definition mode:

Double wall

0 Potentials [ ! Pressures

| [ Validate and Quit

¢ Inthe Project type frame (right), select “Simple wall”.
¢ In the Title/Project number frame, input the title and the project number of your

choice.

¢ In the Units frame, choose the units system for your project, by ticking “Metric, kN,

kN/m?”,

e Choose Definition of the project in "Levels”, which enables the vertical axis to be

directed upwards.

e Additional checks:
example.

leave the “Perform the ULS checks” box unticked for this

e Inthe Curves display frame, tick the “Same horizontal scale for curves” box.

Choose the Language for output.

In the Calculation options frame, keep the default settings: 100 iterations per
calculation phase and calculation step of 0.2m for the wall.

In the Water options frame, leave the water weight setting of 10.00 kN/m3.
Click on the | vaidatsansaut | button.

K-Réa then asks you to save the new project: define the appropriate nhame and
directory.
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D.1.1.2. Definition of soil layers

The characteristics of the 3 layers of soil in the project must now be defined.

o Fill out the characteristics of the first soil layer. By default, the first line of the
summary table is selected.

e Click the input box corresponding to Phreatic level and enter
Zy =+4 m.

¢ Input the “Name” of the first soil layer: Clays 1.
e Give the Level of top of layer z = +14 m.

¢ Repeat this operation to input v, yq4, @, C, 8./¢, 8,/¢ and pnax the values of which are
given in the following summary table:

Layer z % Y 0] C dc 04/ Oplp Pmax
name (m) (kN/m®) (kN/m®) ©) (kN/m2)  (KN/m2/m) ) ) (kN/m/ml)
Clays 1 14 20 10 15 5 0 +0.667 -0.667 700

The values of da/p and &p/¢ correspond to:
¢ Aninclination of +2/3 ¢ of the active earth pressure (downwards)
¢ Aninclination of -2/3 ¢ of the passive earth pressure (upwards)

The value of dc corresponds to the increase in cohesion with depth.
In this example, we consider that cohesion is constant over the height of the layer (dc = 0).
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The following screenshot illustrates that of K-Réa following these operations:

Soil layers O *
Select the line to edit:
= Layers z Y Y p c: dc kh dkh = pmax
B names | [ml ML [NL. [ [N Dm0 kY Ry Kk kae kee o p gy Bale DRle o kavmin e
1 Clays 1 14.00 20.00 10.00 15.00 5.00 0.000 0741 0529 2.019 0741 0741 1.740 3.715 14000 O 0.867 -0.6.. 0.100 700.00
Validation of this window will reset the LEM coefficients. Delete | | New | | walidate Soil
Phreatic level Iw: 4.00 m
Characteristics of the layer
Name: Clays 1 | |
General Behavior law
= 14.00 o ‘ Automatic wizards ‘ Modify advanced parameters
¥ 20.00 kN KO: 0.741 | ko | kd: 0.741 | kd = kD |
¥ 10.00 KN kay: 0.529 | kayfkpy | kr = B3/61: 0.741 | for—ki |
kpy: 2.019 | K A | kay, min 0.100
P 15.00
— kac: 1.740 pmiax 700.00 kMdmiml
c 5.00 kNir®
[ | kac/kpc |
—_— kpc: 3715
dc: 0.000 khdmim
kh: 14000 | KNJmEml | kh |
Galp: 0.657 —
dkh: 0 kN imiml
oplp: -0.687
| Validate and Quit | | Cancel and Quit Show soil database

Tick the “Modify advanced parameters” box.

To complete coefficients Ko, Kay, Koy, Kac, Kpe, Ka, Kr, we will use the automatic wizards:

° ClICk the: Automatic wizards button

These various values are then filled out in accordance with the following principles:

o ko is calculated using the Jaky formula, with Roc = 1, B = 0 and taking account
of the characteristics already input above.

o kg is calculated via the "Kérisel and Absi tables" wizard — Active earth pressure,
weighted cohesionless soil, without overload, with A = 0 and B/¢ = 0 (horizontal
ground) and taking account of the characteristics already input above.

o kpy, is calculated via the "Kérisel and Absi tables" wizard — Passive earth
pressure, weighted cohesionless soil, without overload, with A = 0 and B/¢ = 0
and taking account of the characteristics already input above.
kg = k; = Ko.
kac and kpc (coefficients applied to the cohesion value) are obtained with the
corresponding wizard.
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o Kkay,min cOrresponds to the minimum active earth pressure coefficient required by
the French Standard P 94-282. By default, the value is equal to 0.1 to take
account of a horizontal active thrust stress of at least 10% of the effective
vertical stress. This enables a minimum active earth pressure to be considered
in the case of cohesive soils (our case).

Pa <0 {
(kay 10y < Kac€) Pa = max{kay,min : UIV; kay coy — kg C}

c#( (cohesive soil)

N — . ! ]
\\/ pa—kay o'y —KgeC

o Pmax represents the maximum allowable soil pressure value. In this example, it
plays an important role. Its value will be the bound of the allowable soil passive
earth pressure limit in accordance with standard NF P 94-282 Appendix B.3.6. It
corresponds to the creep pressure (pr) or the limit pressure (p;) depending on
the type of calculation (SLS or ULS respectively).

o Inthis example, leave value dc = 0.

One now needs to simply define the value of k, and its increment. To do this, enter
the value of 14 000 kN/m#/ml for k; (this value was not determined here by a wizard
but it is assumed that it is known in the context of this exercise). Then click the dkp
box to input the value 0 (k, constant with depth).

In order to display the summary of the characteristics of this soil layer, click the
summary table.

Note: in this dialogue box, the fact of clicking | Vaisa=ancaut | will validate your inputs,
but if you quit this dialogue box in any other way, your inputs will be cancelled.

In the same way, input the other two soil layers by clicking the | %ew | putton and
referring to the following summary table:

Layer z \ 3 Y| 3 ¢ c dc 63/([) 6p/(P Pmax
(m) (KN/m®) (KN/m®) @) (KN/m?) (KN/m2/m) ) ) (KN/m/ml)
Clays 1 14 20 10 15 5 0 +0.667 -0.667 700
Clays 2 12 20 10 15 10 0 +0.667 -0.667 800
Sands 10 20 10 35 0 0 +0.667 -0.667 1000

Then use the K-Réa wizards to calculate the parameters used to constitute the behaviour law
for each layer.

8/107
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The following parameters are to be obtained using the wizards.

ko

kav

Kpy

kac

kpc kh dkh

Layer O ) 8 &) O (N/m/ml)  (kN/m3¥mi) Kq kr Kay,min
Clays 1 0.741 0.529 2.019 1.740 3.715 14 000 0 0.741 0.741 0.100
Clays 2 0.741 0.529 2.019 1.740 3.715 15 000 0 0.741 0.741 0.100
Sands 0.426 0.227 7.345 0 0 40 000 0 0.426 0.426 0.100
The following screen is then obtained:
Soil layers O X
Select the line to edit:
= L d kh dkh -
T n?rr:er: [:1] [krrr... [kr:rr... [ch.f... [kr-lrrcn‘... OBl ROVIS (RO R e REDC | i i S CR DDUER kav [kﬂm)r(nl]
1 Clays 1 14.00 20.00 10.00 1500 500 0.000 0.741 0.52% 2.0M% 0741 0741 1.740 3.715 14000 O 0.857 -0.6.. 0.100 700.00
2 Clays 2 12.00 20.00 10.00 15.00 10.00 0.000 0741 052% 201% 0741 0741 1.740 3.715 15000 O 0857 -06. 0100 200.00
3 Sands 10.00 20.00 10.00 3500 0.00 0.000 0426 0227 7345 0426 0426 0.000 0.000 40000 O 0667 -06. 0100 1000.00

Validation of this window will reset the LEM coefficients.
4.00m

Validate and Quit

Behavior law

Phreatic level Zw:
Characteristics of the layer
Name: Sands E]
General
7= 10,00 m
¥: 20.00 kNéme ki:
'S 10,00 kNéme® kay:
— . kpy:
P 35.00) *
kac:
[ 0.00 kNim@
—_— kpe:
dc: 0,000 kN/m=/m
kh:
Balp: 0.667
dkh:
apip: -0.887

[ Automatic wizards

0.227 kay/kpy
0.000
kacikpe
0.000
240000] KN/ImI I]
0] K/

Cancel and Cuit

Delete l [

Validate Soil |

New l

Modify advanced parameters

kd:

kr = &3151:

kay,min

pmax

0.425 kd = kit
0.428 kr = kO
0.100

1000.00 khNsm/mi

Show soil database

Click l Validate and Quit I

To edit or modify the soil layers subsequently, click Data Menu, then Soil layers.
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D.1.1.3. Definition of the wall

e Wall levels:
The upper level of the wall is at elevation GL, that is zo = +14.0 m.

The lower level of the wall is at elevation zpase = +2.0 m.

e Product of inertia of wall (ED):
The product of inertia corresponds to that of the HEB 360 metal sections spaced every
2.20 m, because we will consider that they alone take up the wall internal forces.

The sections are spaced at intervals of 2.20 m (axis-to-axis).

HEB360 spaced
every 2.20 m

HEB 360 every 2.20 m
Plan view of retaining structure from excavation side

300mm

360mm

620mm

Plan view of a 620 mm pile reinforced with an HEB360 section

Copyright ® K-Réa v4 — 2016 — June 2016 Edition
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Definition of wall with K-Réa:

e Input the wall upper level zo = +14.0 m.

o Click the first line of the table (corresponding to the first wall section to be defined,
which in this particular example will be the only one), in the first column input the base
of the section, here elevation zpase = +2.0 m.

Wizard ==

e Then click the |

o Choose the Composite wall tab, then select “Steel sections”.

o From the drop-down list of sections, choose HE 360 B.

o Then input the horizontal spacing (axis-to-axis) of the sections at 2.20 m.

| button to determine the El product of the steel sections:

o We will not take account of the inertia contributed by the sheeting between the

steel sections and will thus leave the corresponding input zones empty.

e Click| Tanster |then quit the wizard.

Retaining wall

[Clicircular walt <<wizard |
Wall top level z0= 14.00 m

z base El w
[m] [kNm/ml) [kNmmi]

4227 0.00

N

3 1 200

Delete

All the values (datas + results) displayed in the software relate to the wall
unit length (1m/1ft).

Validate and Quit Cancel and Quit

Continuous wall | Composite wall | Sheet pile wall

[ ) Solid circular piles
@) Steel sections

(©) Mixed piles

[1] Piles

Steel section Hollow

Young's modulus E: 21E+8

Horizontal spacing eh: 220

Inertia I

El product: 41227

[2] Between piles

circular steel section

kN/m®

m

kNm?ml

Wall properties
Young's modulus E:
Wall thickness e:

El product:

Wall average bending stifiness El: 41227

User defined

KMim?*

mm

KHm=ml

kNm#ml

Transfer

Finally, click | vaisteancaut | to take account of the values input and the data will appear on
the graphic representation of the project initial data. To modify the characteristics of the
wall subsequently, click the Data menu, then Wall Definition.

Copyright © K-Réa v4 — 2016 — June 2016 Edition
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D.1.2. Step 2: Phasing definition

The K-Réa main window now shows the project’s initial phase with a representation of the
soil layers and wall.

1400 m

Left

Right

The actions to be considered in each construction phase should now be defined.

These actions are summarised in the following table on the basis of the chosen phasing:

1% layer struts
+ Excavation

PHASE ACTIONS
Initial e Boussinesq overload of 50 kN/m/ml at 4 metres behind the wall over a width
nitia of 10 metres.
Before works . . . .
¢ Reduced active and passive earth pressure over entire height of wall.
1 . . o . .
Excavation ¢ Intermediate excavation with installation of sheeting at +12.0 m.
) ¢ Installation of layer of horizontal struts (HEB 320 every 4.40 m axis-to-axis

distance) at +13.0 m, or Kiayer srus = 76 984 KN/m/ml (work only authorised in
compression, no preload)
Intermediate excavation with installation of sheeting down to +8.0 m.

2" layer struts
+ Excavation
to bottom of

excavation

Installation of a strut layer at +9.0 m (same mechanical and geometrical
properties as previous layer of struts).

Excavation to bottom of excavation with installation of sheeting down to
+5.0 m.

12/107
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D.1.2.1. Initial phase

In the initial phase, the first action to be defined is a Boussinesq overload to take account
of the existence of the storage area behind the wall, before it is built.

We define a Boussinesq overload as follows:

1. In the “List of available actions” frame, “Loads — Forces - Moments” category, the | =
drop-down list can be used to select the “Boussinesq overload” action. Clicking the
“Transfer” button [u="| will call it up in the list of actions for the initial phase, in the

right-hand part of the window.
Set the overload to “Right”.

Input the following values:
z=+140m

o X =4m (behind the wall)
o L =10 m (overload application width)
o g =50KkN/m/ml

Boussinesq overload

Activation/Deactivation
i X L
@) Activate
Deactivate g
AN
Overload
Overload n®: 1
©) Left (@ Right
z 14.00) m
x 4.00 m
L: 10,00 m
q 50.00) kN/m/mi

Copyright © K-Réa v4 — 2016 — June 2016 Edition 13/107
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The Reduced active earth pressure action must then be defined, so that the reduced active

and passive earth pressure stresses can be taken into account for the wall, owing to the fact
that it is composite.

This action will then be gradually “cancelled out” during the phasing, as installation of the
sheeting progresses. The effect of the sheeting is to make the wall continuous, so the active
and passive earth pressures will once again be taken into account in full over the height at
which the wall is continuous.

To define this action:

o Select Reduced pressure from the drop-down menu of “Soil characteristics” actions
in the initial phase. Click transfer button [me].

¢ Inthe “Reduced pressure” definition frame, input the following information:

o z;=+140m o R=0.845
o Zp=+2.0m o C=1

This action is represented by a dotted black line on both sides of the wall.

Reduiced pressure

zt: 14.00 m

zh: 200 m

R 0.845

= 1.000

Between zt and zb

Active press. (downhil 5.} 0.845
mult. by R =

Passive press. (uphil &.) mult. 0.845
by R*C =

Water pressure (both sides)  0.845

s

All the actions in the initial phase have now been defined.

To create a new calculation phase and continue to input the phasing data, click next to
the initial phase tab (“P00”). A new tab appears for this new phase. As no action has yet
been defined for this new phase, the list of actions is blank and its graphic representation is
the same as that of the previous phase.

14/107 Copyright ® K-Réa v4 — 2016 — June 2016 Edition
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How to determine the reduced width for calculation of the limit active pressure and
limit passive pressure according to standard NF P 94 282 for a composite wall?

e Reduced width for calculation of limit active earth pressure (NF P 94 282 Appendix

B):

L.=BxD=3x0.62m=186m

Where: B = ultimate passive earth pressure ratio =1+ 2 x D/ D = 3 (rubbing and
cohesive soil)

D = equivalent diameter of metal section taken as equal to pile diameter

e Reduced width for calculation of limit passive earth pressure (French Standard
P94 282 Appendix B):

Lp=La=1.86m

Calculation of R and C:

In K-Réa, we will prescribe these calculation widths for the limit active and passive earth
pressures by means of reduction coefficients R and C. They apply directly to the theoretical

Pa and Pb pressure values calculated for a continuous wall. They will be applied over the
height between z; and z, inclusive.

e Reduction coefficient for limit active earth pressure: R =L, /e =186 m/ 220 m =
0.845

e Reduction coefficient for limit passive earth pressure: RxC=L,/e=1.86m/2.20 m

= 0.845, hence C = 1 (same reduced calculation width for limit active and passive
earth pressures).

Using the wizard:

El R/C wizard >
Zone Parameters
Height : Personalized fil Input method ; Norme NF P 94-282 - Annexe B b
Top level zt: 14.00 m Soil type : Purement cohérent -
Bottom level zb: 2.00 m Geometry : Circulaire -
Spacing of the main tems e: 2200 m
Diameter D: 0.620 m
e Calculation width
I l
I |
' La= 1.860 m
+« La —
Lb=  1.860 m
I
@ Results
= e i
R= 0.845
— b —
C= 1.000
Transfer

Copyright © K-Réa v4 — 2016 — June 2016 Edition 15/107
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D.1.2.2. Phase 1

¢ In the list of available actions frame, “Earthworks” category, select the Excavation
option. Transfer =] the action and input the excavation level, left: z, = +12.0 m.

¢ In the List of available actions frame, “Earthworks” category, select the “Sheeting
installation” option. Transfer [m=] the action and input the sheeting base:

z=+12.0 m.

List of available actions

Excavation

Excavation
Hydrauiic Hydraulic
" I
Hydraulic action - =] - Hydraulic action -
D Excavation yd [t @ Excavation
Earthworks Earthworks (@ Sheeting installation
Excavation = (] Excavation = @
Soils properties Soils properties
News soil properties - ] New soil properties =[]
Wall properties Wall properties
Modification of wall bending stiffnsss [~ ] Modification of wall bending stiffness - )
Anchors [C] Sismic calculation Anchors [T sismic calculation ]
Anchor J=| (=] | Fenveiope Anchor =] O] | [EEnvelope
Loads - Forces - Moments Loads - Forces - Momenls
Caguot surcharge e @ Caquot surcharge - [E]
A 12
Excavation Sheeting installation
Excavation side -
@ Left @ Right = 1200 "
Excavation geometry
zh 12.00 m
Define a bank or a berm
50.00 kN/miml
1400 m

List of available actions

Clays 1

Left

Right

16/107
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D.1.2.3. Phase 2

To create this new calculation phase and continue to input the phasing data, click | *
The first action in the second phase is installation of a Strut:
¢ In the List of available actions frame, “Anchors” category, select the “Strut” action and
transfer [u=| the action.
¢ In the “Definition of a strut” frame, fill out the following information:
o “Activate” a new anchor “left”
0 Z,=+13.0m
o Letus assume HEB 320 struts spaced 4.4 metres axis-to-axis.

The Young’s modulus of the steel is 210 GPa. Their steel section is 16.130 mm2,
The excavation is assumed to be perfectly symmetric and 20m wide, the useful
length will thus be half the width of the excavation: Lu = 10 m.

The stiffness K will be:

Kiayerstruts = E X S/L,/Esp
=2.1x 10° KN/m2 x 16 130 x10° m2/10 m/ 4.4 m = 76 984 kN/m/ml

No pre-stressing in our case: p = 0 kN/m|
We will consider a nil inclination for the strut: a = 0°

Only leave the “Operate under compression” box ticked (the strut will not be
authorised to operate under traction).

Definition of a strut

Activation / Desactivation 77 A

@ Activate | =y —— ~Z
e V

Anchor

Strut n®: 1

@) Left () Right

za: 13.00 m

K: 78084 kN/m/mi

[ Prestress Wizard

o 0.00
I:‘ Operate under traction
Operate under compression

[] Elastoplastic behavior

Copyright © K-Réa v4 — 2016 — June 2016 Edition 17/107
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The second action of the 2™ phase is excavation with installation of sheeting. To model this,
two actions must be used: the Excavation action followed by the Sheeting installation
action:

¢ Define the Excavation action, enter the bottom of excavation level at +8.0 m.

e Then apply the Sheeting installation action and input the parameters necessary to
define it, that is the level of the bottom of sheeting installation at the end of the
excavation phase (here +8.0 m, default value proposed). In the upper part of the wall
(between level +8.0 and the top of the wall), the wall is thus considered to be
continuous and the R and C coefficients do not apply to this part anymore.

List of available actions Phase 2 List of available actions Phase 2
Hydraulic Hydraulic
7

H lic acti v

ydrauie action 2l Hydraulic action [=] =)
Earthworks & Excavation @ strut
Excavation I~ ) Earthworks @ Excavation
T — Excavation [+][®] (@ Sheesting installation
New soll properties [=] Soils properties
Wall properties New soil properties [+ ]

Modification of wallbending stiffness | = | (%] wal .

all properties
Anchors [ sismic calculation [x] T
Wodification of wall bending stiffiess - [

Anchor [~] (™) [ enveiope 9
Loads - Forces - Moments Anchors [ Sismic calculation =]
Caquot surcharge B3] Anchor [=] ™) [ enveiope

Loads - Forces - Moments
a Caquot surcharge [~ ]

Excavation

Excavation side A

@ven © ngr Sheeting installation

Excavation geometry

zh 8.00 m

Define a bank or 3 berm

76584 kNim/ml I

Left Right
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D.1.2.4

To create this new calculation phase and continue to input the phasing data, click .

. Phase 3

Using the operations described in phase 2, install a strut with:

Then model an excavation with installation of sheeting down to height z = +5.0 m.

Level: Z2=+9m

Stiffness: K =76 984 KN/m/ml
Pre-stressing: P =0 kN/ml
Inclination: a=0°

“Operate under compression” only.

+1

Left Right

Save your project.

Copyrig

ht © K-Réa v4 — 2016 — June 2016 Edition
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D.1.3. Step 3: Calculations and results

To start the calculations once all project parameters have been input, click the “Calculate”
button on the buttons bar:

-

Calculate

Note: the calculations can be started at any moment once the project, soil and wall
characteristics have been saved.

The displacement, shear forces and bending moments curve appear on the tab for the phase
in progress. The results of the various phases can be viewed by switching from one tab to
another.

To consult all the results proposed in K-Réa in greater detail, click the following button:
|

Results
Then click the “Phase 1” tab.
The results of phase 1 appear in graphic form.

They give the displacements, moments, shear forces and earth and water pressures
("differential” or “decomposed” pressures). The minimum and maximum values obtained are
shown below each curve.

Results - m} x
[ Data ] Resulis synthesis I Envelope phases 1to3 | 1:Phase1 | 2:Phase2 I 3:Phase 3 ~
Display
@ Curves Calculation converged after 4 iteration(s).
[ | Tables
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml] EarthWater pressure [kN/m/ml]

10 + - 10 -+ -+ 10+ 4—) 0 -+ ?

84 = 5+ + g+ —+ 5+ g

14 4 —+ 14 1 - 14+ S 14 1 -
12 4 + 12 4 + 12 + —+ 12 ;

&+ - 6+ g 6 — r 6+ g

44 L 44 it 4 1 44 1

r
|
T
T
ra
|
T
&)
|
T
|
|-
ra
|
T
o

-10 a 10 -10 o 10 -20 -10 o 10 20 -20 a 20
@) Displacement Rotation ':3 Shear force MNormal force @ Differential Decomposed
Min =-4.95 - Max=-0.15 Min =-16.23 - Max = 0.6 Min = -17.46 - Max=8.04 Min = -26.30 - Max=22.26

Earth resistance ratio: 10.237

Charts legend: — Characteristic values — Design values — Water

Forces in anchors (characteristic value) [—]
Print

4
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The shape of the curve clearly corresponds to the behaviour of a cantilever wall.

The maximum displacement obtained in phase 1 is less than 1 cm. The maximum moment is
16 kKN.m/ml. The maximum shear force is 17.5 kN/ml.

The last curve on the right shows either the differential pressure (resultant of earth and water
pressures), or the separate earth and water pressure terms on either side of the wall. the
screenshot illustrates the “differential” option.

It is also possible to switch to a results display in table format (at top-left of the window).

Mk
[kNmimi]

0.00
0.00
0.00

003
-0.03
0.1
01
-0.28
028
063
063
128
128
238
235
387
397
526
626
933
933

1239

1239

1447

1447

15 8RR

{ Data ] Resulis synthesis ] Envelope phases 1103 | 1:Phase1 |2 Phasezl 3 : Phase 3

Wk
[ktmi]
0.00
-0.06
-0.06
025
0.5
-0.56
-0.56
119
119
-2.39
239
42
421
B85
565
kY
068
1328
1329
1746
1745
-13.02
-13.02
-7.99
789
-4 09

Status
LEFT

excav.
excay.
excay.
EXCaY.
excay.
excay.
excay.
excav.
excay.
excay.
EXCaY.
excay.
excay.
excay.
excav.
excay.
excay.
EXCaY.
excay.
excay.

passive pre...

passive pre...
elast
elast
elast

elart

Status
RIGHT

active pres.
active pres.
active pres.

active pres.

active pres.
active pres.
active pres.
active pres.
active pres.
active pres.

active pres.

active pres.
active pres.
active pres.
active pres.
active pres.
active pres.

active pres.

active pres.
active pres.
active pres.
active pres.

elast.
elast.
elast

elazt

phk
LEFT
[kNfmi'mi]
0.00
0.00
0.00
0.0o
0.00
0.00
0.00
0.00
0.00
0.00
0.0o
0.00
0.00
0.00
0.00
0.00
0.00
0.0o
0.00
0.00
3139
39.79
39.79
4152
4152
4177

m

Results
Display
LEVEL Rotation Displacement
[l [0.001 rad] [rmim]
14.00 1.33441 -4.58
13.80 1.32440 -471
13.80 1.33440 -4
13.60 1.33433 444
13.60 1.33433 -4.48
13.40 1.33400 418
13.40 1.33400 -4.18
13.20 1.33310 =391
13.20 1.33310 Eck: ]|
13.00 1.33100 -3.64
13.00 1.33100 -3.64
12.80 1.32653 -3.38
12.860 1.32653 -3.38
12.60 1.31793 =21
12.60 1.31793 =31
12.40 1.20283 -2.85
12.40 1.30283 -2.85
12.20 1.2732% -2.58
12.20 1.2782% -2.59%
12.00 1.24082 -2.34
12.00 1.24082 -2.34
11.60 1.18778 =210
11.80 118778 =210
11.60 1.12222 -1.87
11.60 112222 -1.87
| 11 40 1 N4RRZ —1 &5
4
Forces in anchors (characteristic value)

phk
RIGHT
[kN/miml]
0.00
063
083
125
125
187
187
441
4.41
TET
757
10.67
10.67
13.69
13.69
16.63
16.63
19.48
19.48
2228
11.45
13.48
13.48
19.28
19.28
75 02

uk
LEFT
[kN{mi'ml]
0.00
0.00
0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.00
o.00
0 nn

Calculation converged after 4iteration(s).

uk

RIGHT
[kMémimi}

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
non

sv'k
LEFT

[kN/m/mi]

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.00
4.00
2.00
8.00
12 00

sV k
RIGHT

[kN/mimi]

0.00
6.27
6.27
1251
12.51
1868
1868
2477
2477
3078
3076
36.61
36.61
4232
4232
47.88
47.88
5328
53.28
58.52
58.52
63.60
63.60
68.54
8854
7333

Print

m

b
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Then click the "Phase 3" tab to view the results of the last phase.

Results _ o %
I Data I Results synthesis I Envelope phases 110 3 I 1: Phase 1 ] 2:Phazse2 | 3:Phasel l -
Display
@ Curves Calculation converged after 4 iteration(s).
Tables
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml] Earth\Water pressure [kN/m/ml]

8 - + 8 - -
6+ + & - -
T < T T
z 4 - z 4 —>
I L I I I I I I
t T T t t t t t
-10 o 10 -50 o S0 =50 o S0 -100 o o0
0 Digplacement () Rotation (@) Shear force { ) Normal force { | Differential -é-;‘ﬁééb‘ﬁ%@é‘éé&j
Min =-12.23 - Max = 0.62 Min =-38.35 - Max = 73.37 Min = -69.44 - Max = 83.83 Min = -141.35 - Max = 104.06
Earth resistance ratio: 2.080 [Im==1350 = Lim=iey
Charts legend: - Characteristic values —- Design values - Wiater
Forces in anchors (characteristic value)
Print

Strut n°1 | longitudinal force §3.97 kN/ml v
e Qui

The maximum displacement obtained in phase 3 is about 1 cm.

The maximum moment is 73 KN.m/ml, i.e. 73 KN.m/ml x 2.2 m = 160.6 kN.m per steel
section, corresponding to a stress of 67 MPa.

Forces taken up by the struts

The maximum axial forces taken up by the struts reach 75 kN/ml for the upper layer in phase
2 and 153 kN/ml for the lower layer in phase 3: they can both be found on the shear forces
curve (peaks at levels +173.0 m and +169.0 m).

The maximum axial force on the upper layer is obtained in phase 2, at about 75 kN/ml, i.e. a
force per strut of 75 kN/ml x 4.4 m = 330 kN/strut.

The maximum axial force on the lower layer is obtained in phase 3, at about 153 kN/ml, i.e. a
force per strut of 153 kN/ml x 4.4 m = 673 kN/strut.

These forces are acceptable given the compression and buckling resistance.

Passive earth pressure ratio

The passive earth pressure ratio remains greater than 2, which is usually acceptable for this
type of structure.
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2 additional tabs can then be used to access summary results:

e Results synthesis: this screen gives the main results obtained for each phase and
the extreme values obtained for the entire phasing, in table format. This table gives a
rapid overview of the maximum values of displacements, moments, forces in the
anchors, etc., but can also be used to easily check in which phase(s) the various
extreme values are reached.

Resuts synthes's | Envelope phases 1103 | 1:Phase 1 | 2:Phase2 | 3:Phase3 -
Displacement Displacement Moment Shear force Ratio Earth Characteristic Characteristic
PHASE N* Head maximal maximal maximal et force strut force strut
[mmi] [mm] [kNm/m] [kM/m] ) n*1 n2..

1 -4.98 -4.98 -18.23 -17.46 10.237 -
2 -153 -10.36 81.56 -68.46 5.993 7518
3 -1.85 -12.23 73.37 83.83 2.080 63.97 15327

Extrema -498 -1223 8156 8383 2080 7518 15327

e Envelope phases 1 to 3: this screen (with display either in curve or table format)
shows the envelope curves for displacements, moments and shear forces. In our
example, we submitted no particular request and the envelope curves presented were
thus calculated for the entire phasing (phases 1 to 3).

Results - m} hs
Data | Resuts synthesis | Envelope phases 1103 | 1:Phase 1 | 2:Phase2 | 3:Phase3 -
Display
(@ curves
() Tables
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml]

10 5 o 5 1 S0 o s0 S0 o s0
Min=-12.23 - Max = 0.62 Min = -57.61 - Max = 81.56 Min = -69.44 - Max = 83.83
Charis legend — Characteristic values —- Design values — Water
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D.1.4. Appendix: Processing of pmax

In the case of a composite wall, the limit passive earth pressure is bounded at pmax per
element, or R X pmax for an equivalent continuous wall.

Pmax COrresponds to the soil limit pressure (ULS case) or the creep pressure (SLS case).

We will intentionally reduce the value of pmax for the Sands layer (where the passive earth
pressure develops) in order to illustrate the capping of the passive earth pressure at R X Pmax-

We thus define a value of pmax = 60 kPa for the Sands layer in the Soil layers window
accessible in the Data menu.

EarthAater pressure [kN/m/ml] EarthWater pressure [kN/m/ml]

100 1] 100 0 Q0
() Differential @ Decomposed () Differential @ Decomposed
- -
Min = -141.35 - Max = 104.06 ( Min =-50.70 \ Max = 75.81
Min =-16.90 - Max = 16.90 Min =-16.90 / Max = 16.90
— — -~
Pressure profile before reduction of pmax Pressure profile after reduction of pmax

We observe that the mobilised passive earth pressure was indeed capped at:

R X Pmax = 0.845 x 60 kN/m2 = 50.7 KN/m/ml
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D.2. Tutorial 2: Excavation with struts and drawdown of water level

The example studied is that of an excavation with struts consisting of two parallel diaphragm
walls joined by 1 layer of temporary struts in the transitory phase and 2 concrete slabs in the
final phase.

Crane=20kN/m? 1M 95m . . 9.5m 1M Crane=20kN/m?
Over width of 4 m Calculation cross-section Over width of 4 m
m AS=+7.0 AOD Final ingslab AS=+7.0 AOD M
inal covering sla -
ZTN=+12.0A0D 3H — o 3H ZTN=1+12.0A0D
5m (0.5 m thick) v 5m
2V 20m 14.0m 2.0m
Z=45.0A0D Z=1+5.0A0D Gravelfill
Gravel fill — =
Z=+2.0 A0D L Provisional | Layer of temporary Z=+2.0A0D
Earthworks at Strutsat +3.50 AOD
+3.00 AOD 17.0m
Sandy | .
neyloam Final bottom slab Sandy loam
(1.0 m thick)
Z=-2.0A0D Z=-2.0A0D
EE=-2.0 AOD Pumping toZ=-3.0 AOD
Fine sands - Fine sands
BOm

l— Al=-10.0A0D Al=-10.0 AOD 1

Z=-15.00A0D

Impermeable mechanical substratum

The GL level is initially at +12.0 AOD.

We will proceed with several steps in order to assess the effect of the hydraulic gradient and
that of the symmetry/asymmetry of the model.

o Step 1: Case of a perfectly symmetric cross-section without gradient;
e Step 2: With gradient related to drawdown of water level,

e Step 3: Switch to a double-wall calculation;

e Step 4: Asymmetric cross-section.

The diaphragm walls have a thickness of 82 cm and are concreted over a total height of
17m. The top level (AS) of the walls is planned at +7.0 AOD, the bottom level (Al) at
-10.0 AOD.
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The earthworks sequence includes an initial excavation phase prior to drilling and concreting
of the diaphragm wall. This implies creating a 3H/2V bank 5 m high, the base of which is
situated at 2 m from the top of the walls.

The phasing comprises 7 successive steps with installation of temporary and final anchors:
e 1 layer of temporary struts
e 2final anchor levels:
o Covering slab: 0.50 m thick
o Base slab: 1.0 m thick

The level of the water table is at +5.0 AOD before the work starts. The level will then be
systematically lowered 1 metre below the bottom of excavation level.

The concrete used will be of type C25/30. The concrete modulus is taken as equal to 20 GPa
in the transitory phases and 10 GPa over the long-term.

D.2.1. Step 1: Symmetric cross-section without gradient

D.2.1.1. Project definition: Title and options

[H] Title and options X
Title | Project number Project type
Calculation title: Example 2
Project number: |Example 2
Units
Units system: (@) Metric, kN, kNim? (©) Metric, t, thm?
[ ! Metric, N, MN/m® [ ! Imperial Simple wall Double wall
Definition of the project in Calculation options
L=E2 Depths Mumber of iterations per phase: 100
Additionnal checks Calculation step: 0.20 m
[ Perform the ULS checks [] Accounting for 2nd order moments
Partial factors: Approach 2 (ECT ... |~
Advanced calculation options
Curves display Water options
Same horizontal scale for curves Water weight: 10.00 kNImE
Language for output Hydraulic gradient definition mode:
0 French [ ) English [ ! Espafiol © Potentials @) Pressures Cancel ‘ [ Walidate and Quit
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Specific parameters to be defined:

e Inthe Project type frame (right), select “Simple wall”.

¢ In the Units frame, choose the units system for your project, by ticking “Metric, kN,
kN/m?”.

e Definition of the project in “Levels”, enabling the vertical axis to be directed
upwards.

e Additional checks: untick the “Perform the ULS checks” box.

¢ In the Calculation options frame, keep the default settings: 100 iterations per
calculation phase and a calculation step of 0.2 m for the wall.

o Advanced calculation options: Choose the bank/berm calculation method
as “Simplified Method”.

¢ In the Water options frame, leave the water weight equal to 10.00 kN/m3. Select
“Pressures” as the hydraulic gradient definition mode (which will not affect the
calculations because the project is above the water table).

e Click the | vaisstanaaut | button.

D.2.1.2. Definition of soil layers

The general characteristics of the three layers concerned by the exercise are summarised in
the following table.

Layer (kN\/(m?’) (kN\;'m?’) ©) (klga) (kN/cranZ/mI) 6(61-/)(p 65-/)(p (kN/rl;hzlmI)
Bank 18 9 33 0 0 0.667 -0.667 10000
Sandy loam 20 10 30 5 0 0.667 -0.667 8 000
Fine sands 20 10 33 1 0 0.667 -0.667 25000

Then use the K-Réa wizards to calculate the parameters used to constitute the behaviour law
for each layer.
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The following parameters are obtained using the wizards.

k0 kav kpv kac kpc
¢ ¢ ) ¢ ¢

Bank 0.455 0.249 6.416 0 0

Layer

Sandy loam 0.500 0.282 4.980 1.238 6.293

Fine sand 0.455 0.249 6.416 1.154 7.169

The other parameters remain at their default values. For this, leave the Modify advanced
parameters box unticked.

The following screen is then obtained:

Soil layers m] x
Select the line to edit
. Layers z Yy ¥ e ¢ de ko dkh pmax
N names  [ml (. (. (1 (. Dm0 KAV v Rk dac e py gy BEe Bale v e
1 Bank 1200 1800 900 3300 0.00 0.000 0.455 0.249 6416 0455 0455 0.000 0.000 10000 O 0867 -06.. 0.100 10000
2 Sandyloams 2.00 2000 10.00 30.00 500 0000 0.500 0282 4980 0500 0500 1238 6293 8000 0 0867 -06.. 0.100 10000
3 Finesand 200 20.00 10.00 33.00 100 0000 0455 0243 6416 0.455 0455 1154 7.169 25000 0 0667 06.. 0100 10000...}
Validation of this window will reset the LEM coefficients. poes ][ New ][ vaatoson
Phreatic level zw: 500 |m
Characteristics of the layer
Name: Fine sand |
General Behavior law
. Zo m ‘ Automatic wizards ‘ [C] Modify advanced parameters
% 20.00 KNim® 0. 0.455 | K0 ‘ kd 0.455 | kd = k0. ‘
¥ 10.00 KNI Kay: 0248 | kaylpy ‘ kr = 83/61: 0.455 | kr=k0 ‘
kpy: 6.416 | KA ‘ e
3 33.00 e
—_— kac 1154 a 10000.00
c 1.00 K | = ‘
- achkpc
kpe: 7.169
kn 25000 | KNI | kh ‘
Balp 0.667
opio: -0.667
| Validate and Quit Cancel and Quit Show soil database

Click | vaiateand aut |.
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D.2.1.3. Definition of the wall
The following table specifies the characteristics of the wall.

z0 z,base E
Section Upper Lower Young’s e El w
level level modulus Thickness(m) | (kNm2/ml) | (kN/m?)
(AOD) (AOD) (kN/m?2)
1 +7.0 -10.0 2 x 10"’ 0.82 918 947 20.5

The following screenshot illustrates the operations required in K-Réa.

Retaining wall

D Circular wall
Walltop level:
N

3 1 -10.00

z0 = 7.00

Conti wall

e

ite wall I Sheet pile wall

i == Wizard

z base
]

El
[kNmmi]

w
[khimim]

918947

20.50

oung's modulus E:

Wall thickness e:

El product:

2E+T kR

915947

Short term concrete (20 GPa)

kNm*ml

Transfer

Finally, click | vaistsancaut | to confirm the values input and make them appear with on graphic
representation of the project initial data.
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D.2.1.4. Definition of phasing

The actions to be considered in each calculation phase must now be defined:

PHASE

ACTIONS

Initial

Initial earthworks left of the wall in the form of a bank.
Initial earthworks right of the wall at +7.0 AOD.

Earthworks right-hand side at +3.0 AOD.

Drawdown water level right-hand side at +2.5 AOD.
Boussinesq overload of 20 kN/m/ml at 10.5 metres behind the
wall over a width of 4 metres.

TRANSITORY

Installation of a horizontal layer of struts at +3.5 AOD without pre-
loading (K = 50 000 kKN/m/ml)

Earthworks right-hand side to bottom of excavation at -2.0 AOD.
Drawdown water level right-hand side at -3.0 AOD.

PHASES

Pouring of base slab concrete: we consider only its weight but not
yet its stiffness.
Pumping to -3.0 AOD operational until end of earthworks (safety).

Activation of base slab stiffness (ks = 2 860 000 kN/m2/ml).
Pumping to -3.0 AOD still operational.

Construction of cover slab

(ks = 2 860 000 kN/m2/ml)

Removal of the layer of struts.
Pumping to -3.0 AOD still operational.

SERVICE

Start-up of the structure + Stop pumping

PHASES

Concrete creep in diaphragm walls and slabs

Comments:

In general, the effect of a hydraulic gradient (or excess pore-pressure) must be taken into
account in transitory situations, unless its effect is favourable.

In our case, stopping pumping has a favourable effect for the design of the diaphragm wall.
Permanent conditions will not be reached immediately after pouring of the base slab (actual
end of pumping), which is why we continue to simulate the presence of the gradient until the
end of the earthworks (conservative approach).

30/107
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D.2.1.4.1. Initial phase

The initial soil is assumed to be horizontal to the right of the wall. However a bank is defined
to the left of the wall.
o “Excavation” action on the left of “Bank” type:
o z,=+7.0 AOD z,=+12.0 AOD
o a=95m b=20m a.=1.0
e “Excavation” action on the right: z, =+7.0 AOD

o (G [@re [@re (@t [Grs [@rs [@rr [ ]

+1

Excavation

Excavation side
@ Lett © Right

Excavation geometry

] Define a bank or a berm
Bankiberm definitio
© Bank © Berm
z 12.00 m
[m| E os0 m
~ b 200 m
[ conments | brawigzetings | T

D.2.1.4.2. Phase 1: Excavation

¢ “Excavation” action on the right: z, = +3.0 AOD
e “Hydraulic action” on the right: z,, = +2.5 AOD
e “Boussinesq overload” action on the left (crane overload):
o z=+12.0 AOD x=10.50m
o L=40m g =20 KN/m/ml d. = 1.087

@wa‘@m [@rms [@re [@rs [@ms [@e7 [+]
+1

20,00 kiimiml

New soi properties
Wiall properties.

datproperies
Wodification of wal bending siifiness Bl

Anchors [E] seismic calculation =]
=
T 05 ) envee

Loads - Forces - Moments
oace-foress-flomens
Caquot overioad | =]

D Activation/Deactivation

© Actvate

O Deactivate

© Modify

Overload

Overioad s 1

@Let © Right
1200 m
10.50 m

[ml . w0 m
A q 20.00] mimi
Comments | Drawing sefings ae 1087 [ e = ee2hgeet)
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D.2.1.4.3. Phase 2: Installing layer of struts + Excavation

e “Strut” action on the right with:
o Za=+3.50 AOD K =50 000 kN/m/ml
o P=0kN/ml a=0°

e “Excavation” action on the right: z, =-2.0 AOD
e “Hydraulic action” on the right: z,, = -3.0 AOD

[@m[@m ‘ @ Poz x|@m I@m ]@ms [Qme I@nm ]*‘ - List of available actions P
Hydrauic
JF T Hydruieacion |+ (%] e
20,00 kN/m/mi S — @ Excavaton
e [Excavaton | (™) (@ Hydraulicaction
Sols properties

e
New soil properties - [m]
Wall properties

e
Modification of wall bending stiffness. - [

Anchors [ sismic caiculstion (=S
—_—
Anchor - [ Envelope

Loads - Forces - Moments
e
50000 kNimiml Caquet surcharge - [

S
Definition of a strut

[ activation / Desactivation
@ Activate
© Desctivate
© Modify
Anchor
Strut n. 1
) Left @) Right
Left Right a a0 "
K 50000 Kimiml
[m|
Prestress E—

A a 0.0
Comments | Drawing settings. S Operate under traction

[¥] Operate under compression

Elastoplastic behavior
D.2.1.4.4. Phase 3: Pouring base slab
e “Caquot overload” action on the right:
o z=-2.0A0D g = 25 kN/m/ml
l @PmI @ P01 ] @ Po2 ‘ @roz x ‘ @ Pos I @ Pos. [ @ Pus ] @ Po7 I*‘ - List of available actions Pouring base slab
Hydraulic
J’» T 2000 Kimml lyowcan  [gl @) (@ Caquot overioad

Melpropertes
Wodification of wal bending stiffness | C=)

Anchars 7] ssismic calculation =]

e
Tie >| O™ | F enveiope

Loads - Forces - Moments
| =)

50000 kN/méml Caquot overioad

A
25,00 kM/miml ‘Caquot overload applied on the horizontal ground surface
C

4 Activation/Deactivation

© Actvate
© Deactivate q
© wodify

Overload

Overbadn®: 1

O Left ©) Right
Left Right
z 200 m
a 25.00 kN/m/mi
Iml
A

Comments | Drawing seftings
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D.2.1.45. Phase 4: Base slab setting

o “Surface strut” (base slab) action on the right:
Zinf = -2.0 AOD
ps = 0 KN/m/ml

o Zep=-1.0 AOD
o ks =2860 000 kN/m2/ml|

50000 kN/miml

25,00 Whyimimi
] dsoono iy || C

Left Right

Comments | Drawing setiings

[@Pﬂn]@m I@MQ ]@Pﬂs ‘ @ Pos x‘@m& ]@Pns I@Hﬂ ]4 List of available actions Fe—
Hydraulc
+ T Hydraulic action - ] e
20.00 kN/miml Earthworks.

B

] [O=]

Excavation

Sails properties

) 0=)

New soi properties

Wall properties.

= =)

Wodification of wall bending stiffness.

Anchors.

| =)

Anchor

Loads - Forces - Moments

Caguot surcharge

definition of a surface strut

Activation | Desactivation

@ Activate

() Deactivate

© Modify

Anchor
Anchor n® 1

© Left @ Right
Ziop: -1.00 m
Zot: 200 m
ks: 2860000 Kt
Prestress

Operate under traction

Operate under compression

[ sismic calculation
Envelope

] =)

Py

D.2.1.4.6.

e “Surface strut” (cover slab) action on the right:
Zint = +6.50 AOD
ps = 0 kN/m/ml

O Zsup = +7.0 AOD
o ks =2860 000 kN/m?/ml
e “Strut” action: deactivate the layer of struts

[@Poo]@?m ]@m [@m I@m ‘@Pﬂ.‘- x‘@Pns I@Pm

[

+1

20,00 kN/miml
B

el 2860000 kN/m2/ml

25.00 kNimiml

-1.00m 7 ngDDDD lqua‘m\ \L [

Let Right

Comments | Drawing settings

List of available actions

Hydraulic

Phase 5: Removal of the layer of struts + construction of cover slab

Phase 5

Hydraulc action

Earthworks

@ surface strut

@ strut

Excavation

Soils properties.

Hew soil properties

Wall properties.

Wodification of wall bending stiffness

Anchors

[£] sismic calculation

Anchor

Loads - Forces - Moments

[¥] Envelope

Caquot surcharge

definition of a surface strut

D || Activation ! Desactivation

@ Activate

() Deactivate

©) Modify
Anchor

Anchor n* 2

© Lett

Ztop:

@) Right

Zbot
ks EN N
Prestress

Operate under traction

Operate under compression

kN
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D.2.1.4.7. Phase 6: Start-up of the structure and stop of the pumping

e “Caquot overload” action:

o Modify overload n°1 (Phase 3) g = 70 kN/m/ml
e “Hydraulic action” to the right with a hydraulic gradient:

o z,=-2.0A0D

o Tick “Definition of a gradient”

Level (m) Pressure (KN/m/ml)
-2 70.0
-10 150.0

[@m]@m [@re [@rs [@re [@rs | @ x[@er [ ] - List of availeble actions Start-up and stop of the pumping

Hydraulic

JF T Hydraulic acton fo] =3 @ Caquot overload

20.00 kN/miml Earthworks. (@ Hydrauiic action
E Excavation B
Soils properties
New soil properties [=] =
Wall properties
Modification of wall bending stiffess | = (1]
[ 2550000 ki Anchors. [ Sefsmic calculation =]
Tie [=] = (] Envelope
Loads - Forces - Moments.
Caquot overbad [=] =
70,00 kNimimi A

Definition of water action

D Action side
OlLeft @ Right
Definition of water level
w T Zom
Define a hydraulic gradient
Definition of a gradient
P Level Pressure
Lt Fught i [ml [k
r1200 70.00
|m| 2 -10.00 150.00
*

Comments | Drawing settings

If you medify hydraulic pressures on one
side, check them on the other side.
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D.2.1.4.8. Phase 7: Creep

¢ “Madification of wall bending stiffness” action:

o z21=+7.0m
o ElI =459 473 kNm2/ml
With the wizard:

Z,=-10.0 m
W = 20.5 kN/m/ml

o Young’s modulus = 10 GPa = 1 x 10*" kN/m?

o Thickness =0.82 m

e “Surface strut” action:
o Modify surface strut n°1

e “Surface strut” action:
o Modify surface strut n°2

ks = 1 430 000 kN/m?/ml

ks = 1 430 000 kN/m?/ml

[@m]@w ]@Poz [@ma I@Fm I@Fos I@mﬁ ‘ @Po7 x| List of available actions Phase 7
T Hydraulic
o ydraulc acfion o/ =) (@ Wodification of wall bending stiffness.
2000 kil Earthworks (@ Surface strut
E Excavation ~ [] |@ Surface strut
Soils properties.
New soi properties g =]
Wall properties
Modification of wall bending siiffness g (=]
2 1430000 khimeiml Anchors [ Sismic caleulation =J
Anchor =] =] Eeweipe
Loads - Forces - Moments
Caquot surcharge g (=]
70.00 kijmiml A
Rotation spring
[
-1.00 m (W7 R01430000 Kijmrim! | 70 0eab0mimi
= > Activation / Desactivation
Eal 7.00 m
2 (1000 |m z,
El 459473 Ktiniml
W 20.50 K/l
z
Lekt Right Spring stiffness
z0: 7.00 m
| ’“l e Zbase El W
m [KNmAim]  [kNfmimi]
=S » 1 -10.00 459473 2050
Comments | Drawing settings
tion spring definition of a surface strut
Activation | Desactivation ActivaticaliDesachation
21 700 m @ Activate
e Deactivate
zz -10.00 m z; L
e Y i Zsup
El 459473 KNm/mi A'v{‘n’\;
R S.Strutn® 1 (Phase 4) Ztop: -1.00 m| Zbo...| v Zinf
W 20.50 kN/mimi
z s
ks: 1430000 Khimejml
Spring stifiness
[] Prestress
z0: 7.00 m
\o Zbase e w
tml kHel] Do)
b1 1000 459473 2050

Activate calculation of forces envelope by ticking the “Envelope” check box in Phase 5.

Save your project.
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D.2.1.5. Calculation and results
Start the calculation by clicking the | cajculate | button.
The results are now available and can be accessed with the gesyis button.
Dizplacement Displacement Moment Shear force Ratio Earth Characteristic Characteristic Characteristic
PHASE N* Head maximal maximal maximal S force strut n*1 force strut n*1 force strut n°2
[mm] [mm] [kNm/mi] Tkhmi] - [lchidmi] Tkhmi] Tkhi/mi]
i 14.78 14.78 196.46 7193 4536 - - -
2 12.31 1578 -503.84 -251.37 2.009 200.73 - -
3 13.39 1571 -5039.88 25164 2.898 300.53 - -
4 13.39 1571 -5039.88 -251 64 2.898 300.53 0.00 -
5 1327 1759 515,51 20725 2968 - 21063 14945
[ 12.26 17.81 542,08 20078 2.307 - 143.54 155.90
7 13.16 19.66 -394.97 23143 2.453 - 28294 124.93
Extrema 1478 19.66 54208 -251 64 2.009 300.73 28294 155,90
Results - O >

Display

Data | Results synthesis | Envelope phases 1105 | Envelope phases 6to 7 ] 1 : Excavation I 2 : Layer of struts + Excavation I 3:

Pouring base sizb | 4 :Base saosetting | 5:Remov < ¢

Moments [kNm/mil]

Shear forces [kN/mil]

-200

Charts legend:

Min = 0.00 -

Max = 17.59

— Characteristic values

Min = -515.51 - Max = 227.49

— Design values

— Water

Mi

n=-251.64 - Max=222.41
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Results — O X
I Data ] Results synthesis I Envelope phases 1to 5 | Envelope phazes 6107 | 1 :Excavation I 2 : Layer of struts + Excavation I 3 : Pouring base slab ] 4 : Base slab setting I 5:Remov ™ L
Display
.@. Curves
() Tables
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml]
8+ 4 & -+ + 8+ +
=
6+ 6 5+ +
4 -+ 4+ 41 -
2 4 24 z -+
0+ 0 o+ -
24 2t 24 s
-4+ 4 4 + 4+ 5
5 + 6 + &+ -
S g + IR -
-1+ 10+ I 10 1+ 5
I I I I I I I I I L I I
t t t T t t t t t T t t
20 il [u] 10 20 &00 300 0 300 &00 200 100 o 100 200
Min =-1.11 - Max = 19.66 Min = -548.08 - Max = 261.49 Min = -151.25 - Max = 231.43
Charts legend: — Characteristic values — Design values — Water

During this first step, we obtain the following “envelope” results:

Transitory Phases Final Phases

Ph.1t05 Ph. 6 and 7
Displacement 1.7cm 1.9cm
Bending moment 520 kN.m/ml 540 kN.m/ml

Shear force

250 kN/ml

230 kN/ml

2.3

Passive earth pressures 2.0
ratio

Copyright © K-Réa v4 — 2016 — June 2016 Edition

37/107



c; terrasol

D — Tutorial Manual K-Réa v4 setec

D.2.2. Step 2: Taking account of hydraulic gradient

In this 2™ step, we model the hydraulic gradient generated by drawdown of the water table in
each calculation phase.

Click the “File” menu and select “Save as...”.
For example, name the file in the following way: “Example 2 — Step 2”.

D.2.2.1. About the hydraulic gradient
D.2.2.1.1. Theory reminder

Drawdown of the water level is accompanied by the development of a flow field around the
wall base, which aims to restore the continuity of the hydraulic head between the two sides of
the wall. Along a “stream” line, the hydraulic head varies continuously between that
corresponding to the initial water level (soil side) and that corresponding to the imposed level
at the bottom of the excavation.

In the case of this exercise, we assume that the permeability levels of the fine sands and
loam (k, and ks) are comparable. The permeability of the bank (k;) is assumed to be high by
comparison with k, and ks. The bank thus acts as an “open” horizon. The flow regime thus
develops from the base of the bank (+2.00 AOD) as shown in the following figure.

k1 Initial water level
- Earthworks Phase N-1
Y1
.l,_ Water level Phase N-1
kz —al
Drawdown of
Earthworks Phase N water level
Water level Phasé (>
€
Modification of the
Hyp.:  k27kz<<ki hydraulic regime
U around the wall
Determination of level Y1
Y1 :Level as of which head
Loss begins to occur

The following figure illustrates the flow field which develops in the soil in the case of a
homogeneous soil. This is characterised by:

e Equipotential lines (continuous curves): set of points in the medium with the same
potential.

e Streamlines (dotted curves): trajectories of water particles subject to flow forces.

In the case of a wall calculation based on the reaction coefficients model, processing of the
flow regime is limited to taking account of the pore pressure field located in the following
rectangle.
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Flow network around the wall .
Distance to the wall (m)

-30 -20 -10 v] 10 20 30
10.0NGF

8.0 NGF 7.0NGF

6.0 NGF

4.0 NGF

2.0 NGF

0.0 NGF

-ZONGF

-4.0 NGF

-6.0 NGF

-B.0NGF

-10.0 NGF

-12.0 NGF

-14.0 NGF

-16.0 NGF

-18.0 NGF

-20.0 NGF

-22.0 NGF

-24.0 NGF

-26,0 NGF

-28.0 NGF

By comparison with the hydrostatic regime in which all the points (on the same side of the
wall) are associated with the same hydraulic head (corresponding to the top of the water
table on the side concerned), the development of the flow regime leads to a hydraulic head
that varies with depth on each side of the wall.

The pore pressure at a given point is linked to the hydraulic head by means of the following
relation:

uy = (hg —24) " Y

Where v, is the specific weight of water.
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D.2.2.1.2. Calculation of hydraulic gradient

The hypothesis k, ~ k; compares the soil in which the flow regime is developing to a
homogeneous single layer resting on a watertight base. This enables the Mandel model to be
applied for estimation of the hydraulic head at the foot of the wall Ha.

4 g o P s
e H100 hydraulic head on soil side (corresponding to initial water table level)
e Ho hydraulic head on excavation side
e AH total head loss
o e total thickness of ground on soil side down to top of watertight base
o f, thickness of ground on soil side down to the base of the wall
e e total thickness of ground on excavation side down to the top of the watertight
base
o f, thickness of ground land on excavation side down to the base of the wall
e HA hydraulic head at base of wall

Where the “ground” refers to the medium in which the flow develops (in our case, the loam +
dense sands assembly).

The hydraulic head at the base of the wall is estimated using the relation:

P2
p1+ P2

Hy = Hy + (H100 — Ho)

With :
- p = n/(Z -In {2 . cotg(%-’;—;}) for Licos

€i

- pi = fln {2 . cotg(%- (1 - f—z)} for f—z > 0.5

e

Application to the project studied — case of phase 3

H100 = +5.0 m (level of water table on left-hand side)
Ho = -3.0 m (level of drawdown on excavation side)
AH=+5.0-(-3.0)=8m

fl=+2.0-(-10.0)=12m

e1=+2.0-(-15.0)=17m

f2=-3.0-(-10.0)=7m

e2=-3.0-(-15.00=12m
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LoZo0706>05 - p=2m{2 cogC-(1-L2)}~14

e, 17

€1
oy =212 - cotg®-(1-5)) ~
z =5= 0.583 > 0.5 - P2 = = n {2 COtg(4 (1 el)} ~11

P2 1.1
Hygo — Ho) = =3 + ————
P1 + P2 ( 100 0) 1.4+ 1.1 (

H,=H,+ 5—(-3)) ~ +0.5m

The pore pressure at the base of the wall will be:
uy = (Hy — 2,) v = (0.5 = (=10.0)) - 10 kN /m® = 105 kPa ~ 105 kPa

The following figure presents the “average” profile of the pore pressures on each side of the
wall, superposed over that of the hydrostatic regime.

Diagram of water pressure on the wall due to flow

Water pressure (kPa)
-200 -150 -100 -50 0 50 100 150
10.0 NGF ! ! ! ! ! ! )

8.0 NGF -

6.0 NGF -

4.0 NGF A

2.0 NGF A

0.0 NGF 4

-2.0 NGF 4

-4.0 NGF -

-6.0 NGF -

-8.0 NGF -

-10.0 NGF -
-150 -105.0 -10.0 NGF 80 105.0

-12.0 NGF - -
= Hydrostatic pressure

-14.0 NGF - = = Water pressure due to flow

Note 1: It should be noted that in the absence of a watertight base, application of the Mandel
model leads to Hay = (H100tHo) / 2 = 1.00 m and u, = 110 kPa.

Note 2: In practice, a hydrostatic regime is considered on the soil side, even in the presence
of a flow regime (conservative approach).
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D.2.2.1.3. Definition of hydraulic gradient with K-Réa

The hydraulic gradient can be modelled in K-Réa in two ways:

e Option 1: definition of a pressure profile (z, u(z));

Definition of water action

Action side

© Left @) Right
Definition of water level

W 2.50 m

Define & hydraulic gradient

Definition of a gradient

N s Level Pressure
[mi] [kH/mémi]
3 1 -3.00 0.00
2 -10.00 105.00
#*

1f you modify hydraulic pressures on one
side, check them on the other side.

Z2 |& i uz

e Option 2: definition of a hydraulic potential (or head) profile (u, h(z))

Definition of water action

Action side
7 Left @) Right
Definition of water level
W -3.00 m
Define a hydraulic gradient
Definition of a gradient

= Level Potential
[m] [m]

1 250 250
2 -10.00

1f you modify hydraulic pressures on one
side, check them on the other side.
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D.2.2.1.4.

Phasing

Taking account of the hydraulic gradient requires that the following modifications be made.

Phases 1 and 2:

e “Hydraulic action” on the right with “definition of a gradient”:

Phase 1:

Zw=+2.50 m

Phase 2:

Zw=-3.0m

Level
(m)
+2.5
-10.0

Pressure
(KN/m/ml)
0.0
137.3

Level
(m)
-3.0

-10.0

Pressure
(KN/m/ml)

105.0

0.0

[@m] @ ~|om [@m

[

[@rms [ome [@rr |:]

+1

20.00 ki/miml
B

Right

Comments | Drawing setiings.

List of available actions

Hydraulic
e
Hydrauic acton <)

Excavation

@ Boussinesq overoad

Earthworks @ excavaton
Excavation [ ®]  { iydrauic action
Solls properties @ Hydraulic action
[New soiproperties || [1F]

Wal properties

Wallpropertes
Vodification of wall bending stifiess |+ (1]

Anchors [E] Seismic calculation O]
L —
Te 7 B | [ nvelope
Loads - Forces - Homents
ooads-Torees-floments
Caquot overioad Bl
=N

Definition of water action

Action side
O Lett @ right
Definition of water level

2w 250/ m

[¥] Define a hydraulic gradient
Definition of a gradient

Level Pressure
im TkNmm]

»o1250 0.00

N

2 -10.00 137.30
*

1Fyou modify hydraulic pressures on one
side, check them on the other side.

[@ro [@ror | @ro2 x [ @ros

[am

[@m: [@we [@er [-]

+1

20,00 kNimymi
B

Right

Comments | Drawing seftings

List of available actions

Hydrauic
Hydraulic action ~ )

Earthworks
e
Excavation i =)
Soiis properties.

Sobpopertes
New soi properties. =)

Wal propertes
Modification of wal bending stiffness - )
Anchors [ Sismic calculation =]
e —
Anchor v ][O ewvelope
Loads - Forces - loments
poods-foress-floments
Caquot surcharge m 0=)
A

Definition of water action

Phase 2

@ Sstrut

@ Excavation

@ Hydraulic action
@ Hydraulic action

Action side
O Left @) Right
Definition of water level

2w 200 m

] Detine s hyaraulc gradient

Definition of a gradient
o Level Pressure
™ K]
»1a00 000
2 -1000 105.00

*

1f you modify hydraulic pressures on one
side, check them on the other side.

Copyright © K-Réa v4 — 2016 — June 2016 Edition

43/107



D — Tutorial Manual K-Réa v4

(’ terrasol

setec

D.2.2.2. Calculation and results

Restart the calculation and access the results. The following figure presents a summary of
the results obtained.

] Displacement Displa;&ment r.1un'!ent Shearlfnrce Ratio Earth Characteristi_c Characteristi_c Characteristi_c force
PHASE N* Head maximal maximal maximal ressiat. force strut n*1 force strut n*1 strut n*2
[mimj] [mm] [kMmimi] [kh/mi] [kN/mi] [kN/mi] [kM/mi]
1 1479 14.79 197 .46 71.83 4354 - - -
2 12.80 16.64 -558.40 -265.52 1.546 317.44 - -
3 12.87 16.56 -558.20 -265.79 2542 317.16 - -
4 12.87 16.56 -558.20 -265.79 2542 317.16 0.00 -
5 12.84 18.32 -545.44 201.37 2.614 - 22237 157.21
3 12.83 18.57 -582.87 197.52 232 - 135.10 164.49
7 1273 20.38 -410.01 228.22 2.454 - 282.03 130.00
Extrema 1479 20.38 -582.87 -265.79 1.548 317.44 282.03 164.4%
Results - X
Data | Resutts synthesis | Envelope phases 1105 | Envelope phases 6107 | 1 :Phase 1 | 2:Phase2 | 3: Consiruction du radier | 4 Prise radier | & : Dépose buton + Dale de couverture | 6: Mise en servies - Arrét pompage | 7 Fluage béton
Display
St
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml]
T . [T . g -
2L 1L 24 1 2l 1
w4t i w4 1 ot 1
sl i sl
Pn 6L
WL s
24 P
ot o
24 24
4l 4l
Pys s
sl sl
10 o 4
12 ey } — i i 12 ey i ' — } } 12y : i + t t
20 10 o 10 2 500 400 200 o 200 400 600 a0 200 100 o 100 200 200
Min = -0.28 - Max =18.32 Min = -558.40 - Max = 197.46 Min = -265.79 - Max = 208.27
Charts legend — Characteristic values — Design values —ater
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Results - X
| Data | Resuts syntnesis | envelope phases 1105 | Envelope phases 6107 | 1 :Phase1 | 2:Phase 2 | 3: Construction au radier | 4: Prisc radier | 5 Depose buton + Dale de couverture | 6 Hise en service - Arrét pompage | 7 : Fluage béton
Display
@) Curves
Tables
Displacements [mm] Moments [kNm/mi] Shear forces [kN/mi]
14 14 + 14

6 6 6 1
4 4 41
2 z 24
0 o + +4

+ + + + + + + + + + + t +
20 -10 [ 10 a0 -600 -400 200 [ 200 400 00 -200 -100 0 100 200

Min = -1.35 - Max = 20.38 Min = 55287 - Max = 242.56 Min = -157.97 - Max = 228.22

Charts legend — Characteristic values — Design values — Water

During this 2" step, we obtain the following “envelope” results:

Transitory phases Final phases
Ph.1to5 Ph. 6 and 7
Displacement 1.8cm 2.0cm
Bending moment 560 KNm/ml 580 KNm/ml
Shear force 270 KN/ml 230 kKN/ml
Ratio of passive earth 15 2.3

pressures

We note that in the transitory phase, the ratio of passive earth pressures is lower than that
obtained in step 1 (1.5 < 2.0). This can be explained by the reduction in the effective stress
on the excavation side, itself generated by the increased water pressure owing to flow.

We observed that taking account of a flow increases the loadings on the wall. The maximum
bending moment and shear force rose between steps 1 and 2. The maximum increase is
about 8%.
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D.2.3. Step 3: Switch to a double wall calculation

D.2.3.1. General data

This step aims to illustrate the equivalence of the previous calculation with that of a perfectly
symmetric double wall.

Click “Save as” in the File menu. For example name the file “Example 2 — Step 3”.

Go to the “Data” menu and click “Title and Options”. In the Project Type part, click “double
wall”.

Title and options X

Title / Project number Project type

Calculation title: Example 2 - Step 3|

Project number: Example 2

Units
Units system: (@) Metric, kN, kNimR () Metric, t, tim®
() Metric, MM, MN/m? ©) Imperial simple wall Double wall
Definition of the project in Calculation options Double wall options
Levels Depths Number of iterations per phase: 100
—_— Distance between the two walls: 14.00 m
Additionnal checks Calculation step: 0.20 m
[C Perform the ULS checks [] Accounting for 2nd order moments.
Partial factors: Approach 2 (ECT ... | =
Advanced calculation options
Curves display Water options
Same horizontal scale for curves Water weight: 10.00 kWi

Language for output Hydraulic gradient definition mode:

(©) French (@) English (0 Espafiol RS & Pressures Cancel l [ Validate and Quit

Click [ Veidateanaaut |.

K-Réa then proposes transferring the soil data from wall 1 to wall 2.

K-Rea

Transfer soil data from wall 1towall 2?

Yes No

Click to automatically copy the soil layers from wall 1 to wall 2.
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Soil layers O X

@ wall1 | @ wal2 v

Select the line to edit:

= Layers z Y \'s q C dc kh dkh = pmax
£ names ml |pov. v | ©1 |wv [pwm. | K| REY | kov | dd | kro ) kac | koo n e | Gafe ) Bofe | kavmin oy
1 Bank 12,00 1200 9.00 33.00 0.00 0.000 0455 0.249 6416 0.455 0.455 0.000 0.000 10000 0 0667 -0.6.. 0.100 10000....
2 Sandy lbams 2.00 20.00 10.00 30.00 500 0.000 0500 0.282 4980 0500 0.500 1.238 6293 8000 0 0667 -0.6.. 0.100 10000....
3 Finesand  -2.00 20.00 10.00 33.00 1.00 0.000 0455 0249 5416 0.455 0.455 1154 7.169 25000 0 0667 -0.6.. 0.100 10000....
Validation of this window will reset the LEM coefficients. import model l [ Delete: l [ _— l [ Validate Soi

Phreatic level Iw: 5.00 m

Then click | vaidste ans aut |,

Proceed in the same way to transfer the data from wall 1 to wall 2: click .

K-Rea

Transfer wall data from wall 1towall 2?7

Yes No

Retaining wall X

@ Wal1 | @ walz -

[ circular wall Import model l [ Wizard ==

Wall top level: 0= 7.00 m

N® Z,base El W
[m] [kNrriml] [kN/rrrml]
3 1 -10.00 913547 20.50
#*

Then click | vaiatesnsaut |.

D.2.3.2. Phasing

The “struts” must now be replaced by “’linking anchors” and the “surface struts” by “slab
anchors”.

The useful length of these new linking anchors will be the distance between the walls, 14 m.

First of all delete the actions linked to the “strut” and “surface strut” type anchors, beginning
by those of the “deactivate” type.

Then define the “linking anchors” and the “slab anchors”.
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Phase 2:
Stiffness of linking anchor:

K=E S/Lu=25000 kN/m/ml

Definition of a linking anchor

Activation / Desactivation

(7) Anchor @ Strut

Definition of a linking anchor

Linking n*: 1
Zaa: 3.50 m
zab: 3.50 m
d: 14.00 m
L3 0.00 =
e Linking anchors are the only interactions
K 25000 kNSmfml

taken into account between the two
T walls. There is no interaction considered

between the two walls through the soil.
Operate under traction

[¥] Operate under compression
Elastoplastic behavior

Screen 1 Screen 2
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Phase 4
Stiffness of slab anchor:

ks =E/Lu=1 430000 kN/m2/ml

Definition of a linking anchor

Activation / Desactivation

@) Activate
©) Deactivate

© Modify Zp -

Definition of a linking anchor

Linking n®: 1

zbase: -2.00 m

Ii: 1.00 m

Lu: 14.00 m

Ks: 1430000 kN o . .
Linking anchors are the only interactions

Prestress taken into account between the two
walls. There is no interaction considered

v i N

Operate under traction between the two walls through the soil.

Operate under compression

25.00 kMN/miml

25.00 kNjmiml
100 m W

Screen 1 Screen 2
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Phase 5
Stiffness of slab anchor:
ks =E/Lu=1 430 000 kN/m2/ml
Definition of a linking anchor
Activation / Desactivation
@ Activate
() Deactivate H
© Modify 2z -
Definition of a linking anchor
Linking n*: 2
zbase: §.50 m
H: 0.50 m
L 14.00 m
Ks: 1430000 KN/ o . .
Linking anchors are the only interactions
Prestress taken into account between the two
walls. There is no interaction considered
W i .
Operate under traction between the two walls through the soil.
Operate under compression
20.00 kW/miml 20.00 kNim/ml

25.00 kNim/ml 25.00 kMN/miml

Screen 1 Screen 2
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Phase 7
Stiffness of slab anchor:

K=E/Lu=715 000 kN/m/ml

Definition of a linking anchor

Activation / Desactivation

() Activate
) Deactivate H
@) Modity Zp -

Linking n® 1 (Phase 4) zaa=-2.00 m| zab... [+

Definition of a linking anchor
Ks: 715000 kN/mEimi

Prestress

Linking anchors are the only interactions
taken into account between the two
walls. There is no interaction considered
between the two walls through the soil.

70.00 kNim/ml 70,00 kW/m/ml

Sereen 1 Sereen 2
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D.2.3.3. Calculation and results

Start the calculation and access the results. These are exactly the same as those from the
simple wall calculation (because the excavation is perfectly symmetric).

Wall 1
i Displacement Displagement r.1ument Sh ear.fu rce Ratio Earth Characteristic f?rce link. Charaderist_ic: force  Chara cterlst_ic force
PHASE N* Head maximal maximal maximal = anchor n*1 slab n™1 slab n*2
[mm] [mm] [kNm/mi] [kN/mi] [kM/ml] [kN/mi] [kMml]
1 1479 1479 197.45 71.93 4.354 - - -
2 12.80 16.64 -558.40 -265.52 1.548 31744 - -
3 12.97 16.56 -558.20 -265.79 2.542 716 - -
4 1297 16.56 -588.20 -2685.79 2.542 3716 0.00 -
5 12.84 18.32 -545.44 201.37 2614 - 22237 157.21
G 12.83 18.57 -582.87 187.52 2312 - 135.10 164.45
7 1273 20.38 -410.1 22822 2.454 - 282.03 130.00
Extrema 1479 20.38 -582.87 -2685.79 1.548 317.44 282.03 164.49
Wall 2
i Displacement Dlsplagement r.|un'_|ent Sh ear.fu rce Ratio Earth Characteristic f? rce link. Characterist_ic force Characterist_ic force
PHASE N* Head maximal maximal maximal — anchar n*1 slab n™1 slab n*2
[mm] [mm] [kNm/mI] [kNymi] [khfml] [kNdm] [kM/mi]
1 1479 -14.79 -187.45 -71.83 4354 - - -
2 -12.80 -16.64 558.40 285.52 1.545 317.44 - -
3 -12.897 -16.56 558.20 28579 2.542 716 - -
4 -12.97 -168.58 558.20 28579 2542 716 0.00 -
5 -12.84 -18.32 545.44 -201.37 26814 - 22237 157.21
G5 -12.83 -18.57 582.87 -197.52 3z - 135.10 164.49
7 1273 -20.38 410.1 -228.22 2.454 - 282.03 130.00
Extrema 1479 -20.38 Lg2.87 26579 1.545 3744 282.03 164.49

During this 3" step, we obtain “envelope” values that are identical to the 2™ step. The values
are given below as a reminder:

Transitory phases Final phases
Ph.1to5 Ph.6 and 7
Displacement 1.8cm 2.0cm
Bending moment 560 KNm/ml 580 KNm/mi
Shear force 270 KN/ml 230 kN/ml
Ratio of passive earth 15 2.3

pressures
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D.2.4. Step 4: Case of an asymmetric excavation

In this step, we prepare to assess the effect of an asymmetric cross-section by comparison
with the symmetric cross-section calculated in step 3.

We intentionally eliminate the bank and the overload at the right-hand side of the right wall

and the aim will be to compare the results with those of step 3.

Crane=20kN/m? 1M 8.5m . . —_—fam
Over width of & m Calculation cross-section
AS=+7.0A0D . . AS=+7.0A0D
_ 3H _ Final covering slab
ZIN=+12040D (0.5 m thick)
2V 20m 14.0m
Z=1+5.0A0D Z=1+5.0A0D Gravelfill
Gravel fill — —
Z=+2.0A0D L Provisional | Layer of temporary Z=+2.0A0D
Earthworks at Strutsat +3.50 AOD
+3.00 AOD 17.0m
Sandy | .
neyloam Final bottom slab Sandy loam
(1.0 m thick)
Z=-2.0A0D Z=-2.0A0D
FF=-2.0A0D PumpingtoZ=-3.0 A0D
Fine sands - Fine sands
BOm
l— Al=-10.0 A0OD Al=-10.0 A0OD 1
Z=-15.00 AOD
Impermeable mechanical substratum
53/107
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For this, we will follow the instructions below.

Initial phase: elimination of the bank behind the right-hand diaphragm wall (Wall 2)

+1

Screen 1 Screen 2

Phase 1: elimination of the Boussinesq overload behind the right-hand diaphragm wall
(Wall 2)

+1

20.00 kNim/ml
B

Screen 1 Screen 2
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Restart the calculation and display the results.

Wall 1
] Displacement Dlsplaclernent r.1urr!ent Shearlfurce Ratio Earth Chlaracieristic f?rce Charaderist_ic force Charaderist_ic force
PHASE W* Head maximal maximal maximal e link. anchor n*1 slab n*1 slab n°2
[mm}] [ [kNmJ/mi] [kN/mil] [kNsmi] [kNdmi] [kN/mi]
1 1479 1479 197.45 71.93 4354 - - -
2z 19.11 20.48 -555.90 -258.92 1.527 303.25 - -
3 19.25 20.45 55462 -259.03 2513 303.35 - -
4 19.25 20.45 55462 -259.03 2513 303.35 0.00 -
5 20.20 2313 -539.87 20277 2577 - 211.18 150.16
L3 2028 2344 -576.94 205.38 2275 - 12424 157.46
T 20.09 2572 -42484 22565 2357 - 247.M1 127.51
Extrema 2028 2572 -576.94 -255.03 1.527 303.35 2471 157.46
Wall 2
] Dizplacement Dlsplagernent r.|urr!ent Shear.furce Ratio Earth Chgracterlstic f?rce Characterist_ic force Characterist_ic force:
PHASE N* Head maximal maximal maximal ressial. link. anchar n*1 slab n™1 slab n*2
[mm] [mm] [kNm/mi] [kMml] [kNml] [kMdmi] [kMJmi]
1 -14.03 -14.03 -175.65 -56.79 5.977 - - -
2 -9.57 -10.15 320.56 208,60 1.998 303.25 - -
3 -9.62 -10.07 320.77 208.21 3248 303.35 - -
4 -8.82 -10.07 32077 20921 3.248 303.35 .00 -
5 -5.43 -11.45 342.81 -175.78 3.384 - 211.18 150.18
] -8.32 -11.64 376.73 -168.37 3.243 - 124.24 157.45
7 -8.36 -12.69 27210 -189.28 3.508 - 2471 127.51
Extrema -14.03 -14.03 376.73 20921 1.988 303.35 2471 157.45

During this 4™ step, we obtain the following “envelope” results:

WALL 1 Transitory phases Final phases
Ph.1to5 Ph.6 and 7
Displacement 2,3cm 2,6cm
Bending moment 560kNm/ml 580 kNm/ml
Shear force 260 kKN/ml 226 kN/ml
Ratio of passive earth 15 2.2
pressures
WALL 2 Transitory phases Final phases
Ph.1to5 Ph. 6 and 7
Displacement 1.4 cm 1.3cm
Bending moment 340 KNm/ml 380 kKNm/ml
Shear force 210 KN/ml 190 kKN/ml
Ratio of passive earth 2.0 3.2
pressures
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Reminder of the symmetric calculation results (step 3):

Transitory phases Final phases
Ph.1to5 Ph.6and 7
Displacement 1.8cm 2.0cm
Bending moment 560 kNm/ml 580 kNm/ml
Shear force 270 KN/ml 230 KN/ml
Ratio of passive earth 15 2.3

pressures

Comparison of the displacement curves in phase 5 (end of transitory phases) and phase 7
(end of service phases) between steps 3 and 4.

Wall displacement (mm) Wall displacement (mm)
Phase 5 Phase 7

-10 - = Symmetric cross-section -10 4+ - = Symmetric cross-section
Asymmetric cross-section Asymmetric cross-section
walll walll

.12 . Asymmetric cross section 12 . Asymmetric cross section
Wall2 Wall2
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D.3. Tutorial 3: Excavation supported by cantilever wall

The example studied is that of a cantilever diaphragm wall 60 cm thick and anchored 6m in
marly soil. The following figure illustrates the characteristics of the example.

60 cm diaphragm wall l I l I 1
Z2=0.00

Sand and gravel

-5.00

Soft marl

-13.00 |

In this example, we will detail the ULS checks for this type of configuration.

This example will in particular be used as a basis for illustrating the following points:
e Comparison of different LEM methods proposed in K-Réa;
e Comparison of weighting systems;
e Vertical equilibrium and automatic correction of the angle of counter passive earth
pressure;
o Effect of over-excavation.
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D.3.1. Data input

To start K-Réa:

Double-click the K-Réa icon.

Choose the appropriate protection mode, select the appropriate language (French)
and click OK.

Choose New project to access the Title and Options page.

D.3.1.1. Title and options

[H] Title and options %

Title | Project number Project type

Calculation fitle: | Example 3

Project number. Example 3

Units

Units system: @ fifetic, kil i

Wim:: Metric, t, U=
Wetric, MN, HN/m®

imperial

simple wall Double wall

Definition of the project in

[ adattionnal checks
Perform the ULS checks.

Approach 2 (£C7 _. | v | [ |

Calculation options
Warning: Activation of checks
requires to define the nature
of the phases and loads.
Please check the nature of
the phases and loads already
defined in your project.

Number of terations per phase: 100

Calculation step: 0.20 m

[C] Accounting for 2nd order moments.

Advanced calculation options

Curves display Wiater options

[] same horizontal scale for curves Water weight 10.00 KNim®

Hydraulic gradient definition mode:
@ Fotentials

Language for output

@ French English Espafiol © Pressures Cancel | [ Validate and Quit

In the Project type frame (right) select “Simple wall”.

In the Title / Project number frame, click the blank “Title” line and input the title of
your choice. Click the blank “Project number” line to enter the number of your choice.

In the2 Units frame, choose the units system of your project, by ticking ‘Metric, kN,
KN/m*®’.

Choose Definition of the project in Levels, which enables the vertical axis to be
directed upwards.

Additional checks: tick the “Perform the ULS checks” box to activate calculation at
the ultimate limit states for this example.

In the Curves display frame, keep the “Same horizontal scale for curves” box ticked.
Choose the Language for output.

In the Calculation options frame, keep the default settings: 100 iterations per
calculation phase and a calculation step of 0.2 m for the wall.

In the Water options frame, leave the water weight at 10.00 kN/m3. Choose
potentials as the hydraulic gradient definition mode (this will not influence the
calculations because the project does not include drawdown of the water table).
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D.3.1.2. Definition of soil layers

The general characteristics of the two layers of interest for the exercise are summarised in

the following table.

Y % ® c dc 5o Byl
Layer KN/MY)  (kN/m®) () (kN/m?)  (kPaim2m) () ()
Sands and 20 10 35 0 0 0.66 -0.66
gravel
Soft marls 19 9 23 10 0 0.66 -0.66

Then use the K-Réa wizards to calculate the parameters of the behaviour law for each layer.

The reaction coefficient k, is to be considered with the values given in the table below.

ko k k k k Ewm a kh
Layer £y i Ny i
y ) () - () Q) kPa) () (kNm)
sandsand 5456 0227 7301 0 0 20000 0.33 66930
gravel

Soft marls 0.609 0.382 3.194 1452 4803 19800 0.66 26210

The other parameters are kept at their default values. For this, leave the Modify advanced
parameters box unticked. The following screen illustrates that of K-Réa on completion of

these operations:

[ Soil layers [m] bt
Select the line to edit
= Layers z v s [} C dc kh kh R pmax
* names (ml (N DNA.| ] kNG g KO KBY ke kd o kro kac Kpc e Oafe Dple  kavmin e,
1 Sandsand.. 0.00 2000 10.00 3500 0.00 0.000 0426 0227 7.301 0426 0.426 0.000 0.000 66930 0 0660 -0.6... 0.100 10000....}
2 softmarl  -5.00 19.00 9.00 23.00 10.00 0.000 0609 0.382 3.194 0.609 0609 1.452 4.803 26210 0 0660 -06... 0.100 10000....
Validation of this window will reset the LEM coefficients. veee || tew || vaiswsa
Phreatic level w. -5.00 m
Characteristics of the layer
Name: Sands and gravels | |
General Behavior law
= 0.00 o ‘ Automatic wizards | [Z] Modify advanced parameters
v 20.00 Kifm= K0 0426 ‘ o | kd 0.426 ‘ kd= K0 |
Y 10.00 kN Kay: 0.227 ‘ kayikpy | kr = 83/61 0.426 ‘ o=k |
KpY: 7.301 ‘ A |
) 35.00
P T— kac: 0.000
c 0.00 ki —_—
- ‘ kacikpe |
kpc: 0.000 E—
kh 66830 | KN/mAml ‘ kh |
Balp 0.660
Bp/p _0.680
| Validate and Quit ‘ Cancel and Quit Show soil database

Click [ vakateandaui |
To consult or modify the soil layers subsequently, click the Data menu, then Soil layers.
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D.3.1.3. Definition of the wall
After validating the characteristics of the layers, those of the wall must be defined.

e Click the input box to enter the upper level of the wall: zo = +0.00 m.

e Click the first line of the table (corresponding to the first wall section to be defined,
which will in fact be the only one for this example), enter the base of the section in the
first column, here level zyse = -13.0 M.

e Then click the !WI button to determine the EIl product of the wall
o Choose the Continuous wall tab, then select “Short term concrete (20 GPa)”.
o Then input the wall thickness e = 0.60 m.
e Click| Tenster |then quit the wizard.
Then fill out the weight per unit area of the wall W = 0.6 m x 25 kN/m? = 15 kN/m/ml.

The following screenshot illustrates the above operations:

Retaining wall

Continuous wal Il | Composite wall ] Sheet pile wall

| e Wizard

[C] Gircular wall

Walltop level 0= 0.00 m Young's modulus E 264007 ki Short term concrete (20 GPa)

i z,base El w
m [kNmmi] TkNmimi

*JY -13.00 ZELELL s Wall thickness e 0.60 m
#*

El product: 360000 KHm#/mi

Transfer

Delete

All the values (datas + results) displayed in the software relate to the wall
unit length (1m/1ft).

| walate and qut | cancelandout |

Finally, click | vaiesteanaaut | to take account of the values entered and have them appear with
the graphic representation of the project initial data.

To edit on the wall characteristics later, click the Data menu, then Retaining wall.
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D.3.2. Definition of phasing
The actions to be considered in each construction phase must now be defined.

These actions are summarised in the following table:

PHASE ACTIONS

Initial e Blank

Phase 1 e Excavation to level — 5.00 m

Transitory e Caquot overload on the right of 25 kN/m/ml — variable nature
Phase 2 ¢ Modification of Caquot overload 10 kN/m/ml — variable nature
Permanent ¢ Switch to “permanent phase”

D.3.2.1. Initial phase

No action is to be defined in this phase.

D.3.2.2. Phase 1

To create this new calculation phase, click ’;I next to the initial phase tab (“P00”).
This phase is to be defined as a “transitory phase”. Two actions then need to be defined:

e “Excavation” action with z, = -5.00 m on the left;
o “Overload” action with g = 25 kN/m/ml, “variable” nature, applied on the right, at

@Po0 | @P01 x| (PPo2 - List of available actions hase |
mEErs [ © Transiory Phase Permanent Phase ]
Hydrauic acton B

From
Earthworks @ excavation
Texcavati = (™) @ caquot surcharge

wn] |

Sands and gravels

wal bending sifiness - O]

[

S00m == = Sof marl

-13.00m

Left Right

a 2500 kil

m

Comments | Drawing settings.

Action nature

Permanent ©) Variable
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This project (and thus this phase) includes no anchors and the wall is cantilever. Moreover,
we activated the ULS checks when defining the properties of the project.

Consequently:
e The Cantilever wall box is automatically ticked, which implies that a “LEM” model will
be considered to verify the equilibrium of the wall at ULS;
e The LEM Options action was automatically added and concerns the following options:
Input of over-excavation, left or right (leave at zero for the time being);

Choice of the calculation method: automatic or manual (LEM — F / LEM — D
and choice of calculation level for the base of the wall);

o Selection of side of passive earth pressure: automatic or manual (left or right);
o Correction of angle of counter passive earth pressure: automatic / manual.

These options will be described in detail at the end of the exercise.

List of available actions Phase 1

Hydraulic @) Transitory Phase () Permanent Phase

Hydraulic action =
x — (@ LEm Options.

Earthworks. (@ Excavation
Excavation - [™] @ caquotsurcharge

Sois properties

New soil properties - ]

Wall properties

Modification of wall bending stiffness

Anchors. ntiever wal

x

Anchor

Loads - Forces - Moments.

Caquot surcharge < [

LEM Options \

Over-excavation

Galeft 0.00 m Ba,right: 0.00 m
Bay ras
e A FLES Zh Zi ELS j,Aa
h - - - T T AW
i ELU ELU
” ;ij_ww

LEM calculation options

Calculation method Automatic

Selection of the passive earth p[f] Automatic

Automatic correction of the angle of counter passive earth pressure /
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D.3.2.3. Phase 2

Add a new calculation phase by clicking );' next to the tab of the previous phase (“P01”).

This phase is to be defined as “Permanent phase”.

Modify the “Caquot overload” defined in the previous phase:

e Density g = 10 KN/m/ml instead of 25 kN/m/ml
e Nature unchanged (“variable”).

@ Poo | @Po1 @P0z X |+

+1

000m

Sands and gravels

500m =

-1300m

Left

m

Right

Comments | Drawing settings

List of available actions

Hydraulic

Phase 2

Hydraulic action

Earthworks

Excavation

Sois properties

< (]

New soil properties

Wall properties

< (]

Modification of wall bending stiffness.

Anchors.

=

Anchor

Loads - Forces - Moments.

Cantiever wal

)

Caquot surcharge

)

@rcha@eapphed on the horizontal ground surface

Activation/Desactivation

Activate
Deactivate
© Modity

Surcharge
Surcharge n: 1
q 10.00 KN/

Action nature

Permanent @) variable

Surcharge n* phase 1 -1, z=0.00 m, q... ~

Import

Import automatically data from the Caquot load

<[ mranster

N

D.3.3. Calculations and results

D.3.3.1. Main results

To start the calculations at the end of input of all project parameters, click “Calculate” on the
buttons bar:

Calculate

To check all the results proposed in K-Réa in more detail, click button:

Results

Then click the "Phase 1" tab.

We will first of all analyse the “SLS” results: in parallel with the “LEM” calculation, K-Réa also
gives the results of a SLS calculation based on a “MISS” model. This calculation is in
particular able to verify the displacements of the wall with respect to the structure’s design
criteria. Here, the maximum deflection is about 3 cm.
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We can see that the ratio of passive earth pressures is also displayed at the bottom of the
graphs (here 2.29): as this is a cantilever wall, this ratio has no physical meaning and should
not be used to justify the wall embedment depth with respect to the passive earth pressure
safety check. In this type of configuration, the embedment depth must be justified in
accordance with the regulations by a limit equilibrium model available by selecting the “ULS”
option at the top-left of the results window.

] Results
[ Data | Resuns synthesis | envelope phases 1102 | 1:Phase 1 | 2: phase2

Display Type

@) Curves (OF=13 Caleulation converged after 6 iteration(s).

Tables Jus

Displacements [mm] Moments [kNm/mi] Shear forces [kN/mi] EarthWater pressure [kN/m/ml]

-20 0 ) 500 -Z00 -100 0 10 200 300 -100 50 [ s0 100 60 -30 [ a0 &0

@ Displacement 7 Ratation @ shear force Normal force @ Ditferential 0 Decomposed

Min=-26.45 - Max = 0.98 Min =-272.43 - Max=0.00 Min = 8513 - Max =76.20 Min = -70.07 - Max=28.38

Earth resistance ratio: 2.291

Charts legend — Characteristic values — Design values — Water

Forces in anchors (characteristic value) ‘
Pt |

The following figure presents the ULS results of phase 1: only the moments, shear forces
and pressures diagrams are available (no displacements with the LEM model). The forces
and pressures are expressed directly in calculation values (ULS). The maximum values are
as follows:

e Bending moment: 514 KNm/ml at ULS
e Shear force: 237 kKN/ml at ULS
¢ Normal force: 190 kN/ml at ULS

The diagram of soil pressures (right) is an illustration of the principle of the LEM model,
which consists in working directly with the soil pressure limit values: limit active earth
pressure on the right (weighted) and limit passive earth pressure on the left (weighted) down
to the transition point z,. Below this transition point, the counter passive earth pressure is
(partially) mobilised on the right of the wall and the counter active earth pressure is mobilised
on the left.
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Cota | Resuts synp QPtEnases 112 | 1 Phasel | 2:Pnase2
Display Type Cantilever wall (LEM calculation)
@) Curves 5L S Caladstion converped after 6 iteration(s).
Tabies ©us [[Pass. press | | Ven Eq
Moments [kNm/mi] Shear forces [kN/mi] Earth/Water pressure [kN/m/mi]
1+ - 14 41
0 0+
a4 a4
2 2
a4 a1
a1 a4l
- 5
Passive
%4 + Active
3 o pressure
8+ 44
I iy Transition
10 0l 4 | point zs
1 n 4 ca ==
Counter passive Y
127 Yessure .
P Counter active
B i pressure
L s s ' L T s ' Lhlly ol '
200 400 €00 -zhu -100 0 100 pati] 200 -100 o 0o 200
@) Shear force Nermal force Differential 9 Decomposed
Min = 51337 - Max = 0.00 Min =-119.29 - Max = 236,83 Min = A97.28 - Max = 130.02
Min = -108.00 - Max = 108.00
Charts lsgend — Characteristic values — Design values — Wiater
Forces in anchors {deaign value)
Print
Qut

In this phase, the passive earth pressure side was automatically chosen by K-Réa as being
the left side. This automatic choice may be forced by the user in the “LEM options” action
accessible for each phase in which the wall is declared as cantilever.

Then access the “Phase 2” tab to view the corresponding ULS results. The Caquot overload
having been reduced to 10 kN/m/ml in this phase, the amplitude of the loading is reduced

accordingly.
[ Results ~_ a x
[ pata | Resuts - phases 1102 | 1:Phase 1 | 2:Phass 2
Display Type Cantilever wall (LEM calculation)
® Curves sLS Check: Calaulation converged after 2 iteration(s).
Tables QuLs  |[Pass press. | [ vertfq |
——/
Moments [kNm/mi] Shear forces [kN/mi] Earth/Water pressure [kN/m/m]
1 1
o 0
ad ad
2 2
ER sl
PR ad
ENE s
wd s
a4 a1
EE s
2 9
0 0 4
-1 1 AL
-1z 4 12 T
13 1 13 _::::::::::]
1t | | ! TR | | ! aad | AL |
'4‘DD 'Z‘DD o ZEI\D 45‘\5 'Zé\ﬂ 'l‘ﬂﬂ o 1$n Zﬂ‘lﬂ 'llﬂﬂ 'SID o S‘D 1C‘\ﬂ
@ Shear force Normal force o iisraial Decomposed
Min = 405.60 - Max=0.00 Min=93:85 - Max=197.23 Min=-86.21 - Max=11498
Charts legend — Characteristic values — Design values — Water
Forces in anchors (design value) m
A4 Quit

D.3.3.2. Passive earth pressure safety check

Now click the “Pass. press.” button to access details of the ULS checks run by K-Réa in

parallel with the forces calculation.
We will look at phase 2. The wall embedment depth is conventionally counted as of the null
differential pressure point zo: f, = z, - z,. According to the regulations, the justification of the
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embedment depth with respect to the passive earth pressure safety check requires that this
be at least equal to 1.2 times the critical embedment depth f, allowing equilibrium of the
moments. In this case, we have f, = 1.15 f, < 1.20 f,. The wall embedment depth is therefore
insufficient with respect to the passive earth pressure safety check. Elongation of the
embedment depth is necessary in order to meet the regulatory requirements.

1 : Excavation to -5.00 | 2 : Final phase (Owerload 10 kPa) l

ECT checkings

| Pass. press. | I Vert. Eq.

Kranz
ql
Passive earth pressure is considered on left side for this phase. I'. P
\Fd
Checking of embedment depth: '.I
\
Null pressure point: zZ0=-521m )
. fl=z0-zc=679m o
Null moment point: ze=-12.00m i
fo=2z0-zp=779m
Wall bottom level: zp=-13.00 m fO ¢
- b
[fb.-'fﬂ:1.14? <12 0] ]
Maybe the embedment depth is not large enough. 2 }
pe
Checking of the mobilizabl ter p ive earth resist

Transition point: zn=-11.27Tm

Reguired mobilisable counter passive earth resistance to balance horizontal forcCt,d = 272.03 kN/ml

Counter passive earth resistance below zn : Cm,d = 304.00 kN/ml

Mobilisation factor: o=0293

Cm,dzCtd

@

Checks of safety against failure on the passive side of the wall are not ensured for this phase.

Return to the “Data” menu and then the “Retaining wall” tab, in order to extend the
embedment depth. Modify the level of the base to -13.50 m instead of -13.00 m.

Rest

Retaining wall H
[ circular wall Wizard ==
Wall top level: z0 = 0.00 m
N° Z,base El W
[l TkN /] [kMmimi]
3 1 -13.50 350000 15.00

art the calculation and click the “EC7 checkings” tab.

Let's check phase 2. The following figure summarizes the meaning of the intermediate
parameters used in the LEM model:

The null differential pressure point:

Zo=-521m
e The critical point allowing equilibrium of moments: Z.=-12.00 m
e The available wall embedment depth as of point z,: fh=20-2,=8.29m
e The critical embedment depth allowing equilibrium of moments: fy=2zy—2,=6.79 m
66/107
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F Resuits - ] x

Dats | Resuts syniness | Envelops phases 1102 | 1:Pnase1 | 2:Phase2 .

Display Type Cantilever wall [LEM calculation)
@) Curves 5LS Chack: Caloulation conmverged after 2 iteration(s),
Tobss @ uLs Pass, press, Wen. Eq.
Moments [kNm/ml] Shear forces [kNml| EarthWater pressure [kN/m/ml]
o+ - o e
2 4 Z o
-4 -
=
g
B -
-10 -L
12 -+ ul
14
t t t t t t
=300 o 300 -200 -100 o 100 200
8 Shear force Mormal farce @) Differential Decomposed
Min = -805.44 - Max = 0.00 Min = 9398 - Max = 175.06 Min = -92.47 - Max = T1.73

The following figure provides the details of the check of the passive earth pressures for this
phase. In the present case, we have f, = 1.22 f,. The wall embedment depth is thus optimum
for the passive earth pressure safety check.

This verification is supplemented by that of the counter passive earth pressure: the aim is to
check that the counter passive earth pressure available (Cm,d) below the transition point z,
(= -11.03 m here) is greater than that required for equilibrium of forces (Ct,d). This condition
is equivalent to that of a mobilisation factor a < 1. It is met in the case of this example.

ECT checkings X

1 : Excavation 4-5.00 | 2:Phase définitive (surcharge 10 kPa) l -
Vert. Eq. Kranz

\
Passive earth pressure is considered on left side for this phase. '.I P
\Fu
Checking of embedment depth: '.I
\
Mull pressure point; z0=-521m \
) fl=z0-zc=67%m Zn
Mull moment point: zoe=-12.00m " i
fo=z0-zp=82%m
Wall bottom level: zp=-13.50m f()
i fo
fbif0=1.221 >1.2 @ ¢
Ipe T
Checking of the m ili counter p. ive earth resi
Transition point: zn=-11.03 m
Required mobilieable counter passive earth resistance to balance horizental forcCt,d = 272.03 kN/ml
Counter passive earth resistance below zn Cm,d = 1140.58 kN/ml
Mobilisation factor: a=0185
cm,d=>Ctd @

Checks of safety against failure on the passive side of the wall are ensured for this phase.
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D.3.3.3. Vertical equilibrium

Still in “ULS checks” now click “Vert. eq.” to access the verification of the vertical forces
equilibrium. This verification has a dual purpose:

e To examine the relevance of the assumptions considered for the active/passive earth
pressures;

e To examine the wall bearing capacity as a deep foundation element: it is the
responsibility of the user to check that the stress at the base of the wall is compatible
with the soil resistance.

As shown in the following figure, this verification involves the following intermediate
parameters:
e Vertical resultant force of earth pressures: P, 4 = 81 kN/ml;

e Vertical resultants of external forces F,q and of anchors T,4: null in the present
exercise;

e Weight of the wall: P 4 =1.35x 13.5 x 15 = 273 kN/ml

All of these forces are expressed in calculation values. In particular in the context of
approach 2, the weight of the wall is multiplied by 1.35.

[F] ECT checkings X

1:Phase1 | 2:Phase2

Pass. press. | | Werif. Eq. Kranz
“ertical resuftant force Py of earth pressures along the wall: Pv,d = -80.46 kN/ml
Vertical resultant force Tv of forces due to anchors linked to the wall Tv,d=0.00 kN/ml AP | BFua
v.d
Vertical resuftant force Fv of linear loads applied to the wall: Fv,d = 0.00 kN/ml l £y
Weight P of the wall: P.d=273.37 kN/ml y
ULS resultant of vertical forces: Rv.d=Pd+Pvd+Fvd+Tvd=192.91 kN/ml * | "
Correction factor of the inclination of the counter earth pressure: Xcb=1.00 - ATy g “BFyqg
APy g ]P
l \Fd
o ULS vertical force of 19291 kN/ml to be transfered to the retaining wall bottom level (vertical equilibrium ensured |
provided bearing capacity |
at bottom level has been checked and ensured). 1
| &P,
vaﬂ | w.d

The above window also shows a factor Xcb, known as the “Correction factor of the inclination
of the counter earth pressure” the meaning of which will be detailed in the next chapter.

D.3.4. Parametric study

The subject of this chapter is to illustrate the role played by each of the “LEM Options” in the
context of a cantilever wall. The following paragraphs are to be dealt with independently.

D.3.4.1. Correction of active/passive earth pressure angles

In this paragraph, we will look at the “automatic correction of the angle of counter passive
earth pressure” option (accessible from the “LEM options” action, which appears
automatically for each phase declared to be “Cantilever”).
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LEM Options

Over-excavation

Ga left 0.00 m Ba,right: 0.00 m

\\\\\\\\

Bz, eis
~mme A 22 2 z, || Eis— 1B
ELU 7Ny
LEM calculation options
Calculation method: Autematic
Selection of the passive earth p Automatic

[ Automatic correction of the angle of counter passive earth pressure ]

This option allows automatic readjustment of the counter passive earth pressure angles if the
vertical equilibrium verification leads to an upwards resultant. The counter earth pressure
angle considered in the calculation is as follows:

(6/(P)counter passive earth pressure = XCb X (6/(p)passive earth pressure

The Xcb factor has an initial value of 1.00 and is then gradually reduced (if necessary) until a
downwards vertical resultant is obtained. The process stops in any case when Xcb reaches
the value of -1.00. It should be noted that the modification of the angle of counter passive
earth pressure involves that of the counter passive earth pressure coefficients K, o, and Kpc cn
which are used in the calculation of the counter passive earth pressure available below
transition point z,. These coefficients are automatically recalculated by the programme using
the “reference” calculation method designated by the user (by default “Kérisel and Absi”).

In the previous exercise, the vertical verification led to a downwards resultant with Xcb = 1.
The fact of obtaining Xcb = 1.00 implicitly means that no correction of the counter passive
earth pressure angles was considered to be necessary by the programme.

In order to illustrate the effect of this automatic correction, we propose restarting the wall
calculation, ignoring its own weight. To do this, go to the “Data” menu and click “Retaining
wall”: then set W = 0.

€| Retaining wall

[ circutar wall
Wall top level:
N

2 1 -13.50

z,base

[m]

z0 =

0.00

380000

El
[kNrr/mi]

0.00

Wizard ==

W
k]

Restart the calculation and directly access the “EC7 checkings” / “Verif. Eq.”.

Let us examine the case of phase 2 for example. The value obtained for Xcb is -0.44 < 0. It
should be recalled that, in this exercise, the angle of the passive earth limit pressures was
taken at -2/3¢ (upwards). Obtaining a negative value for Xcb therefore means that the
automatic correction process led to the counter passive earth pressure being directed
downwards with an angle of -0.44 x -2/3¢p = + 0.29¢ for the levels situated below the
transition point z < z, =-11.04 m.
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ECT checkings *
1:Phase1 | 2:Phase2 .
Pass. press. l I Verif. Eg. | Kranz
Vertical resultant force Pv of earth pressures along the wall: Pv,d = 0.94 kN/ml
Vertical resultant force Tv of forces due to anchors linked to the wall: Tv,d = 0.00 kN/ml AP, 'ﬁF"'od
wd|
Vertical resultant force Fv of linear loads applied to the wall: Fv,d = 0.00 kN/ml l I
Weight P of the wall: P.d = 0.00 kN/ml r
ULS resultant of vertical forces: Rvid=Pd+Pvd+Fvd+Tvd=0.94 kN/ml * f o
Correction factor of the inclination of the counter earth pressure: Xeb =-0.44 - ATy d 'ﬂFV'd
APy gl
¥|Pa
0 ULS vertical force of 0.94 kN/ml to be transfered to the retaining wall bottom level (vertical equilibrium ensured provided l
bearing capacity I
at bottom level has been checked and ensured). | T
| &P,
Ryg | v.d

By accessing the “Passive earth pressure safety check”, it can be checked that the available
counter passive earth pressure resultant Cm,d below the transition point has changed
(dropped) by comparison with the initial calculation result:

e With the weight of the wall:
Xcb =+1.00 and C, 4 = 1138 kN/ml

e With the weight of the wall:
Xcb =-0.44 and C, 4 = 682 kN/ml

The reduction in C4 can be explained by the programme reassessing the limit counter
passive earth pressure coefficients Kp cp: Kp.co (8/¢ = +0.29) < Kp e (8/¢p = -0.66).

ECT checkings X

1:Phase1 | 2:Phase2 .

\
Passive earth pressure is considered on left side for this phase. | p
\Fd
Checking of embedment depth: 'ul
\
Mull pressure point: z0=-521m )
. fl=z0-zc=5679m Iy
MNull moment point: zoc=-12.00m " i
fb=20-zp=820m
Wall bottom level: zp=-13.50m fo
. b
b/ f0=1.221 >1.2 @ 7
Ipe T
Checking of the m counter p. earth
Transition point: zn=-11.03m
Reguired mobilisable counter passive earth resistance to balance horizental forcCt,d = 272.03 kN/iml
Counter passive earth resistance below zn Cm,d = 682.29 kN/ml
Mobilisation factor: a=10338 Fa
’ AU
Cm,d >Ctd @ o y
]
Checks of safety against failure on the passive side of the wall are ensured for this phase. Ct,d Cm'd z

OK
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D.3.4.2

. Comparison of LEM models “F” and “D”

In this paragraph, we propose comparing the calculation scenarios proposed by K-Réa for a

limit eq

uilibrium calculation (LEM).

Caution: when carrying out this parametric study, one must start with the basic model.

K-Réa proposes two calculation methods:

Method F: this is based on the assumption of a counter passive earth pressure
comparable to a uniform additional pressure applied between levels z = z; + 0.2f, and
z = z.— 0.2f,. The value of this additional pressure is sought so that limit equilibrium
between the forces is obtained,;

Method D (default choice): this is based on the assumption of a counter passive earth
pressure calculated as a fraction a of the mobilisable (or limit) counter passive earth
pressure below transition point z,. The values of a and z, are sought simultaneously
S0 as to obtain the (limit) equilibrium of the moments and forces over the height of the
wall (two equations, two unknowns).

The “effective” level z. of the base of the wall considered in the calculation differs from one
method to the other:

Go to “
select “

LEM — F: ze = z. — 0.2f;;
LEM — D, three options are available:
O Zeff = Znase (default option);
0 Zeff = Zc — 0.2fp;
O Zet = Zuser (imposed by the user).

LEM option” in phase 2 and untick the “Automatic” box in “Calculation method”, then
Method F”.

LEM Options

Over-excavation

oaleft 0.00| m Ba,right: 0.00 m

e e SR z ELs 4 Da
 ELU h (hee s o vy
7 ELU =
LEM calculation options
[ Calculation method: [[] Automatic @) ijiethod T *) Method D ]
Selection of the passive earth press. side: Automatic

Automatic correction of the angle of counter passive earth pressure

Start the calculation and compare the results obtained (moment diagrams, details of ULS
checks) with those of a LEM-D calculation. The following table summarises this comparison.
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Mmax Vmax Zc Zy 1:0 Cm,d Ct,d

(kNm/ml)  (KN/ml) (m) (m) (m) (kN/ml)  (KN/ml)
Method F 406 140 -12.00 - 6.79 645 272
Method D 406 176 -12.00 -11.04 6.79 1138 272

The two methods lead strictly to the same maximum moment, at the same critical point and
therefore the same critical embedment depth f,. The resultant of the mobilised passive earth
pressure (that necessary to balance the forces) is identical with the two approaches.

However, the calculation height for the counter passive earth pressure differs owing to the
construction of the two methods, hence a difference in the value of the mobilisable passive
earth pressure C,,4. We also observe a difference in the shear force which can be explained
by the approximation made with method F on the “uniform” distribution of the additional

counter passive earth pressure.

The following graphs compare the diagrams of moments, shear forces and differential
pressures from the two methods. They corroborate the findings in the previous table.

Moment (kNm/ml)
0

-500 -400 -300 -200 -100

———|Method F

= = MethodD

-14

Level (m)

100

-200

-100

Shear force(kN/ml)
0

-14

Level (m)

100 200

Method F
= = MethodD

=150

Differential pressure (kPa)
0

-100 -50 0 50 100 150

2
Method F

= = Method D
4

Level (m)

-14
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D.3.4.3. Influence of over-excavation

In this paragraph, we will look at the “over-excavation” option in K-Réa. Taking account of
over-excavation in the ULS justifications is required by the regulations if there is no strict
inspection of the bottom of the excavation. In this case, it is taken as being equal to:

Aajer = min (50 cm; 10% Hsypported) = 50 cm

Caution: when dealing with this parametric study, it is necessary to start with the basic
model.

We thus propose restarting the calculation assuming an over-excavation of 50 cm on the left,
in phases 1 and 2.

LEM Options

Over-excavation
ba,left: 0.50 m Ba,right: 0.00 m

The result of the EC7 checkings indicates that the wall embedment depth is no longer
sufficient and that an extension of the wall is therefore necessary in these conditions.

ECT7 checkings X

1+ Excavation to — 5.00 m | 2 : Final phase (overload 10 kPa) ] -

Pass. press. || Vert Eq Kranz

-
Passive earth pressure is considered on left side for this phase. b
\Pa
Checking of embedment depth: \
Mull pressure point: Z0=-573m )
f0=20-2c=727m 7
Hull moment point ze=-13.00m '
fb=20-2zp=777m
Wall bottom leve! zp=-1350m fo .
b
fb/f0=1.069 <1.2 Q 7

Maybe the embedment depth is not large enough.

Zpe

Checking of the mobilisable counter passive earth resistance:
Transition point: zn=-1257m

Required mobilisable counter passive earth resistance to balance horizontal forcCt,d = 424.03 kN/ml

Counter passive earth resistance below zn Cm,d = 634.22 kN/ml
Mobilisation factor. a=0640
Cm,d > Ctd @

Checks of safety against failure on the passive side of the wall are not ensured for this phase.

The search for the optimum embedment depth shows that the verification of the passive
earth pressure safety check taking account of an over-excavation of 0.5 m requires extension
of the wall by 1.50 m by comparison with the length initially validated in the absence of over-
excavation. The result obtained with a wall base at -15.00 is presented below.

EC7 checkings X

1:Phase1 | 2:Phase2 -

Passive earth pressure is considered on left side for this phase.

Py
Checking of embedment depth: \
\
Mull pressure point: Z0=-58m \
f0=z0-zc=7.50m 2
Null moment point ze=-13.36m '
fb=z0-zp=9.14m
Wall bottom level zp=-15.00m fo
. b
fo/f0=1218 212 @ 7
zpe

Checking of the mobilisable counter passive earth resistance:
Transition point: zn=-1230m

Reguired mobilisable counter passive earth resistance to balance horizental forcCt,d = 333.17 kN/ml

Counter passive earth resistance below zn Cm.d = 793.09 K/ml
Mobilsation factor a=0.385

cmdzCtd @ N

| x.28

Checks of safety against failure on the passive side of the wall are ensured for this phase. Ca Cmg %

oK
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D.3.4.4. Comparison of calculation approaches 2 and 3

The previous ULS results were obtained by applying approach 2 required by the French
standard for ULS — GEO and ULS — STR verifications.

We propose comparing the previous results with those taken from application of approach 3
in Eurocode 7 (applied by other European countries). To do this, simply go to “Title and
options” and select approach 3 from the “Partial factors” drop-down list.

Caution: when dealing with this parametric study, it is necessary to start with the basic
model.

Then restart the calculations and compare the results with those obtained previously.

[H] Title and options X

Title / Project number Project type

Calculation title: Example 3

Project number: Example 3

Units

Units system: @) Metric, kN, kN/m® *) Metric, t, tim®
_) Metric, MN, MN/m? _) Imperial Simple wall Double wall
Definition of the project in Calculation options

D Number of terations per phase: 100 Warning: Activation of checks
perpl requires to define the nature

i Calculation stej 0.20 m of the phases and loads.
Additionnal checks P Chesamn oran s e al
Perform the ULS checks ] Accounting for 2nd order moments the phases and loads already

defined in your project.

Partial factors Approach 3 (ECT) |my [ |
Approach 2 (ECT - NF P94-282) Advanced calculation options
Approach 1.1 (ECT) =
Curves display Approach 1.2 (ECT) Water options
) Approach 3 (ECT) —
[T same horizontal 0 o Water weight 10.00 kNim®

T T Hygraulic gradient definition mode:
@) Potentials _) Pressures. ‘

) French @) Engiish ) Espaiiol

Cancel | [ vaidate and cuit |

The following graphs illustrate this comparison for phase 2, in which the two approaches
would appear to lead to comparable results for a “permanent” phase.

Moment (kNm/ml) Shear force(kN/ml) Differential prgssure (kPa)
0 0

-500 -400 -300 -200 -100 100 | -200 -100 100 200 | -150 -100 -50 0 50 100

Approach 3
. —— Approach 3 — Approach 3
= = Approach2

— — Approach2 | =~ Approach 2

Level (m)
Level (m)
.

Level (m)

-14

However, approach 3 is unable to differentiate the transitory phases from the permanent
phases (approach 2 considers a smaller safety margin on the passive earth pressure in the
case of a transitory phase). The comparison with approach 2 in phase 1 (transitory) therefore
gives diverging results. Approach 3 leads to more unfavourable results.
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Moment [kNm)’mI]o Shear force(kN/ml) Differential pressure (kPa)
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= = Approach 2 = = Approach2
E E
E E -
L 3 E
o
=
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D.4. Tutorial 4: Excavation with anchors and stability of anchor block

This example presents the calculation of a diaphragm wall 1.0 m thick, which descends to a
depth of 22 m and is anchored by two layers of bedded anchors angled 30° from the
horizontal.

The length of the bedding of the anchors is set at 10 m. The mesh of the lower anchors is
about 1.50 times denser than that of the upper anchors. We initially assume a free length of
7 m for all the anchors, which corresponds to a “useful” length of 7 + 10/2 =12 m.

The following figure gives a schematic representation of the geometry of the problem
studied.

Existing overload

_ Z2=0.00
1.0 m concrete wall FZANNNY
\ Backfill
N\ Z=-7.00
Z=-9.00
7 Bedded anchors
Zfr.huille =14.00
JZANNSY Silt e Silt
Z=-17.00
Sandy clays Sandy clays
Z=-20.00
Marly limestone -22.00 Marly limestone

This example mainly aims to demonstrate the K-Réa functionalities linked to the ULS checks
according to EC7, more specifically with regard to the stability of the anchor block in the case
of a wall anchored by one or more layers of bedded anchors.

D.4.1. Data input

To start K-Réa:

e Double-click the K-Réa icon.

e Choose the appropriate protection mode, keep the select the appropriate language
(French) and click OK.

e Choose New project to access the Title and Options page.
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D.4.1.1. Title and options

Title and options x

Title i Project number Project type

Calculation title: |Example 4

Project number: Example 4

Units

Units system; @) Metric, kN, kNim? ) Metric, t, tim?

Metric, MN, MN/m? _) Imperial Simple wall Double wall

Definition of the project in Calculation options

Warning: Activation of checks
requires to define the nature

i Calculation step: 0.20 m of the phases and loads.
[Addmnm’ e ] i Please check the nature of

Number of fterations per phase: 100

Perform the ULS checks the phases and loads already

[] Accounting for 2nd order moments.
defined in your project.

Approach 2 (€C7 ... | = [ |
— Advanced calculation options

Curves display Water options
[] 5ame horizontal scale for curves Water weight o0 ke

e e Hydraulic gradient definition mode:

LD DD ‘ Cancel | [ Validate and Quit

French @) English Espafiol

In the Project type frame (right), select “Simple wall”.

In the Title / Project number frame, click on the blank “Title” line and enter the title of
your choice.

Click on the blank “Project number” line to enter the number of your choice.

In the Units frame, choose the units system of your project, by ticking ‘Metric. kN.
kN/m?.

Choose Definition of the project in Levels, which enables the vertical axis to be
directed upwards.

Additional checks: tick the “Perform the ULS checks” box to activate the calculation
at the ultimate limit states for this example.

In the Curves display frame, keep the "Same horizontal scale for curves” box ticked.
Choose the Language for output.

In the Calculation options frame, keep the default settings: 100 iterations per
calculation phase and a calculation step of 0.2 m for the wall.

In the Water options frame, leave the water weight equal to 10.00 kN/m3. Choose
Potentials as the definition mode for the hydraulic gradient

Click the | vaisateandaut | button.
K-Réa then asks you to save the new project: define the name and directory.
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D.4.1.2. Definition of soil layers

The general characteristics of the 4 layers of interest for the exercise are summarised in the

following table.

Y 2 C dc e Oyl Ewm a
Layer KN/MY)  kN/m () (kPa) (KN/m2ml) () O (MPa) (9
Backfill 18 10 30 0 0 066 -0.66 10 050
Silt 20 10 35 0 0 066 -066 20 0.33
Sandy 20 10 28 0 0 066 -066 8 067
clays
IMa”y 22 12 30 40 0 066 -0.66 40 050
Imestone

Then use the K-Réa wizards to calculate the parameters for constituting the behaviour law

for each layer.

The reaction coefficient ky, is evaluated using the Schmitt model, considering a product of
inertia El = 1 667 MNm2/ml (calculated for a continuous wall 1m thick, with E = 20 GPa).

The parameters obtained using the wizards are as follows.

Ko K K K k K

Layer ay py ac pc

y ) ) ) ) ) (kN/m®)
Backfill 0.500 0.283 4.959 0 0 9158
Silt 0.426 0.227 7.301 0 0 40 158
Sandy clays 0.531 0.309 4.398 0 0 4 604
:V'a”y 0.500 0.283 4.959 1.237 6.271 58 148
Imestone

The other values keep their default values. For this, leave the Modify advanced parameters

box unticked.
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The following screenshot illustrates that of K-Réa following these operations:

Validate and Quit

Cancel and Quit

Soil layers [m| X
Select the line to edit:
= Layers z v ¥ c dc kh dkh prax
x names (ml [kNA. KNS (v |poum= | KO | Rav | Wov | kd | ke kac ) kec | | | afe ) Opfe ) kaymin o
1 Backfill 0.00 128.00 10.00 30.00 0.00 0.000 0.500 0.283 4959 0500 0500 0.000 0.000 9158 0 0.660 -06.. 0.100 1UUUU....§
2 Sitt -7.00 20.00 10.00 35.00 0.00 O0.000 0.426 0227 7.301 0426 0425 0.000 0.000 40158 0 0660 -06.. 0.100 10000....
3 Sandy clays -17... 20.00 10.00 28.00 0.00 0.000 0.531 0.309 4358 0531 0531 0.000 0.000 4504 0 0660 -06.. 0.100 10000....
4 Marly limest... -20.... 22.00 12.00 30.00 40.00 0.000 0.500 0.283 4559 0500 0.500 1.237 6271 58148 0 0.660 -0.6.. 0.100 10000....
Validation of this window will reset the LEM coefficients. Delete ] [ New l [ validate Soil
Phreatic level Zw: -9.00m
Characteristics of the layer
Name:  |Backfil
General Behavior law
= 000 m l Automatic wizards l [C] Modify advanced parameters
¥: 18.00 kNim® k0D 0.500 kO kd: 0.500
¥ 10.00| khim® kay: 0.283 kay/kpy kr = 63461 0.500
—_—— kpy: 4 959 K. A kay, min 0.100
P 3000 ¢
— kac: 0.000 pmax
c 0.00 kN
. kac/kpc
kpe: 0.000
de: 0.000| kNim?/m
kh 9158 kN/mAimi kh
Galp: 0.660
dkh: 0| kNim=imiml
Gplg: -0.860

Show soil database

Click [ vaidate anaqut |,

D.4.1.3. Retaining wall

After validating the characteristics of the layers, those of the wall must be defined:

o Wall top level:

e Wall bottom level:
e Product of inertia:
[ ]

Zo=+0.00 m
Zbase = -22.0m
El =1 666 667 KNm2/ml

Weight per unit area: W = 25 kN/m/ml

The following screenshot illustrates the previous operations:

Retaining wall X
F Conti wall | Composite wall | Sheet pile wall i
[T circular wall i =< Wizard | I
Wall top level: zl= 0.00 m Young's modulus E: 2E+007 kN/m? Short term concrete (20 GPa) -
N z,base El W
I [khimi] ki)
Wall thickness e: 1.00 m
3 1 -22.00 1666667 25.00
#*
El product: 1666667 kNm?ml
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D.4.2. Definition of phasing

We must now define the actions to be considered in each construction phase. These actions
are summarised in the following table.

PHASE ACTIONS

Initial e Existing Boussinesq overload of 20 kN/m/mi
Phase 1 - Transitory e Excavation to level -5.00 m

Phase 2 - Transitory e First layer of active anchors at -4.00 m
Phase 3 - Transitory e Excavation to level -9.00 m

Phase 4 - Transitory e Second layer of active anchors at -8.00 m
Phase 5 - Permanent e Excavation to level -14.00 m

Phase 6 - Permanent

Wall creep (E = 10 GPa)

D.4.2.1. Initial phase

In this phase, we define an initial localised overload representative of an existing building.
Define the following:
e Boussinesq overload action with
o z=-1.00 Xx=7.00m
o L=10m g = 20 kN/m/ml
o Permanent action nature

@ P00 r r r List of available actions
om [om Jom [om [om lo= [om [
T Hydraulic
Hydraulc acton -] 0]
e v [ (@ Boussinesq overioad ]
VVVV hlimiml Earthworks
= Excavation > | ()
Backill T0m
1 1 ot properi
Reduced pressure -0
W
[ ]
>
St 700m Loads - Forces - Moments
I 3 i
0m 200w Caquot overioad - )
Boussinesq overload
Activation/Deactivation
. X L
@) Activate
Sandy clays 700m Deactivate q
Marly limestone 2000 m Overioad \
Overload n’ 1
Left @ Right
- Right 200/ m
700 m
m

z
x

L 10.00 m
q 20.00 kNim/mi

Comments | Drawing settings

Action nature

@ Permanent Variable
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D.4.2.2. Phase 1: Excavation to level -5.00

This phase is to be defined as a “transitory phase”. A single action is to be input:

e “Excavation” action on left with z, = -5.00;

@vroo [ @P01 ><|@Pc»2 I@Pna I@Pm I@Pns I@Pnﬁ Ie} Phase 1

T Hydrauic I (@ Transitory Phase () Permanent Phase l

Hydrauic acti -] ]
[ yeradle acton @ LEM Options
Bt imm EZEIED (@ Excavation

List of available actions

I Excavation - [

1 J Ll om

Soils properties

New soil properties - [

Wall properties

Wedification of wall bending stiffess. - [

Bank

Anchors Cantiiever wal £x]

Anchor - [

ulation
alluvium 00 Loads - Forces - Moments

-3.00m 5.00m Caquot surcharge | [

Excavation

Excavation side

@ Left () Right

Sandy clay

-17.00m Excavation geometry

zh -5.00

- -20.00m [ Define a bank or a berm

Left Right

m

Comments | Drawing settings

The “Cantilever wall” box is automatically ticked: the ULS equilibrium of the wall will thus be
checked by a “LEM” model in this phase.

D.4.2.3. Phase 2: Anchors at level -4.00

This phase is to be defined as a “transitory phase”. A single action is to be input:

e “Anchor” action to the right at za = -4.00 with:
o K=12500 kN/m/ml P = 150 kN/ml a=30° Lu=12m Ls=10m

[@Pnnl\{apm |@Pn2 xl@m}a I@Pm ]@Pns [@Pnﬁ I»‘

List of available actions

Phase 2

T Hydraulic l-é‘TrananWPnase (©) Permanent Phase l

Hydraulic act -
S araul aston @ ULS Options (SSIM)
20.00 khlimimd Earthworks @ Anchor

Excavation v [

.
1 J oom

Sois properiies

New: soil properties. - [

Wall properties

Wodification of wall bending stiffness - [

Bank Anchors

» Anchor | [

\%- Am Loads - Forces - Moments [Cenveiope
&3 Kl G, 20 Caquot surcharge ~ ()
Definition of an anchar

Activation/Desactivation

alluvium

@) Activate

Sandy clay ~T7.00m

Timestone-marl 2000m Anchor

Anchor n*:

Left Right

ki

m

il

Tl
X m
Comments | Drawing settings -

(] Elastoplastic behavior
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D.4.2.4. Phase 3: Excavation to level -9.00
This phase is to be defined as a “transitory phase”. A single action is to be input:
e “Excavation” action on left with z;, = -9.00
[@Poa]@?m [@m ‘ G roz X‘@m Iamf. I@Pnﬁ I" List of available actions nase 3
Jf T Hydraulic [aansrlnryphase () Permanent Phase I
S Hydrauiic action | (] D 0.5 omons (oot
fmdmi Earthworks (@ Excavation
=] Excavation | ]
Ll VT Soils properties
New soil properties. ]
v!\::“l:::::\?wa\lhendlngshﬂnm ]
Anchors. [C] cantiever wal E]
A Anchor ~| (™] [ sismic calculat
A Loads - Forces - Moments [ enveiops
S00m S.00m Caquot surcharge = =]
alluviom — —
=N
@ Lett ©) Right
Sandy clay -17.00m Excavation geometry
[] Define a bank or a berm Zn
Left Right
[ m]
A

D.4.2.5. Phase 4: Anchors at level -8.00

This phase is to be defined as a “transitory phase”. A single action is to be input:

¢ “Anchor” action on the right at z, = -8.00 with:
P =200 kN/ml

o K =18 750 kN/m/ml
[

[@Poa]@?m ]am [am ‘@Pm X‘@m I@Pﬂﬁ

a=30° Lu=l12m Ls=10m

List of available actions P—y

+1

20,00 kM/miml
I

1 11

-8.00m

-7.00m
-5.00m

alluvium —

Right

Hydraulic
Hydraulic action

(@ Transitory Phase () Permanent Phase I

| ™)

@ ULS Options (SSIM)
@ Anchor

Earthworks

Excavation

Soils properties.

New sol properties

‘Wall properties

Modification of wal benging stiffness

Anchors

Anchor

Loads - Forces - Homents

Caquot surcharge

Definition of an anchor

D Actiationmesactivation

@ Activate
() Deactivate
) Modify

Anchor
Ancher n*:
©) Left
za: -8.00 m

KN/m/ml

KNjmi

Comments | Drawing settings

Lu 12.00 m

(] Elastoplastic behavior
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D.4.2.6. Phase 5: Excavation to level -14.00

This phase is to be defined as a “permanent phase”. Two actions are to be input:

e “Excavation” action with z, = -14.00 on left;

e “Hydraulic” action” with z,, = -14.00 on left (no gradient).

Phase 5

[‘:‘TransnuwPhase (@ Permanent Phase ]

@ ULS Options (S5IM)
@ Excavation
(@ Hydraulic action

Cantiiever wall (=N
Sismic calculation
] Envelope

[@ro [@r [@r2 [Gms [Gre | @rs x[@ee [+] List of available actions
Hydraulic
JF T Hydraulic action v ]
20.00 kNimiml Earthworks
e Excavation - ]
1 A S —
Mew soil properties - [
Wall properties.
Medification ef wal bending stiffness. - ]
Anchors
» Anchor - =]
% D Loads - Forces - Homents
Y- S00m Caquot surcharge. - [
K’%
2
S Definition of water action
1400 m
T = Action side
@ Lent © Right
Sandy clay -1700m Definition of water level
2w -14.00 m
ISEer el 2000m [C] Define a hydraulic gradient
Left Right
m

D.4.2.7. Phase 6: Wall creep

This phase is also defined as a “permanent phase” and aims to simulate the creep of the

wall. A single action is thus to be defined:

W = 25 KN/m/ml

Phase &

() Transitory Phase

(@ Permanent Phase

@ ULS Options (SSIM}
@ Modification of wal bending stiffness

« . . . » . .
¢ “Modification of wall stiffness” action with:
o z1=0.00 z2 =-22.00 El = 833 333 kNm2/mi
[ @ Poo I @ Pot I @ Po2 I @ro3 [ @ Pos I @ros ‘ @ros x|+ List of available actions
Hydraulic
T Hydraulic action >
20,00 k/m/ml e —
Excavation -
1D AT
Soils properties.
News sol properties -
\Wall properties.
Modification of wall bending stiffness -
Anchors
A Anchor -
\% T Loads - Forces - Momenls
. S00m Caquot surcharge <
&
. Rotation spring
1400m
TTwviom = Activation | Desactivation
Sandy clay S7wm
833333 khim?mi
Limestone-marl -20.00 m 25.00 kN/m/ml
Leit Right Spring stiffness
z0: 0.00 m
m e base Bl
[m) [Nm?/mi] [kN/mymi)
»o12zeo B3I 2500
Comments | Drawing settings.
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D.4.3. Calculation and results

D.4.3.1. General overview
For each phase, K-Réa proposes two types of results:

e SLS results: displacements, SLS loadings and anchor reactions at SLS;

e ULS results: with or without displacements (if LEM calculation). The ULS loadings are
expressed in calculation values and in characteristic values (if MISS calculation).

The following figures give a summary of the results obtained at SLS and ULS.

The maximum ULS moment in the wall reaches Md = 1270 KNm/ml in phase 5. The
maximum normal force for its part reaches Nd =1209 kN/ml in this same phase. The
maximum displacement (at SLS) reaches 2.4 cm at -12.80 AOD following wall creep (less
than 2 cm if creep not taken into account). Displacement at the top remains less than one
centimetre.

The anchor force reaches 574 kN/ml for the lower anchors layer and 279 kN/ml for the upper
layer. These values, expressed in ml (linear metres) must then be multiplied by the spacing
between anchors to obtain the force per anchor element.

The summary of the ULS results also indicates that the verification of the passive earth
pressure safety check is confirmed for all phases (sufficient embedment depth) and that the
vertical equilibrium at the base of the wall leads to a downwards resultant.

It should however be noted that the stability of the anchor block (Kranz) is not demonstrated
for phases 5 and 6, which means that the free length of the anchors is insufficient.

Results synthesis | Envelope phases 1 to & l 1 : Excavation to -5.00 l 2 : Anchors at -4.00 l 3 : Excavation to -5.00 l 4 : Anchors at -8.00 I 5 : Excavation to -14.00 I & : Wall creep
Type
@ 5LS
© uLs
Dizplacement Displacement Moment Shear force Ratio Earth Characteristic Characteristic
PHASE N* Head maximal maximal maximal e force tie n*1  force tie n°2
[mm] [mmi] [khm/mi] [k/mi] - [khJmi] [kN/mi]
1 378 -8.78 -287.54 -T2 9.040 - -
2 -7.05 -7.05 -200.71 -8573 9282 150.00 -
3 -7.50 -7.50 -200.38 118.94 5.237 167.84 -
4 -7.37 -1.37 17271 11487 5.441 161.85 200.00
5 -3.87 -18.87 935.42 314.81 2133 205.45 394.68
6 -3.05 -2452 766.33 31218 2.088 201.93 42487
Extrema -878 -2452 935.42 314.81 2.088 205.49 424 87
E Results

Results synthesis | Envelope phases 110 6 l 1 : Excavation to -5.00 l 2 : Anchors at -4.00 l 3 : Excavation to -3.00 l 4 : Anchors at -8.00 I 5 : Excavation to -14.00 l & : Wall creep

i I.|,.d v.d Des?gn Turce Des?gn Turce Check Pass. Check Vert.
PHASE N* Type maximal maximal tie n*1 tie n°2 Eq. Check Kranz
kN (ki) (ki) (ki) = [khmi)
1 LEM -309.16 101.96 - - oK 648.90
2 S5IM -270.95 -130.58 202.50 - oK 786.24 oK
3 SSIM -270.52 161.92 226.59 - oK 858.14 oK
4 SEIM 233.16 155.08 218.50 270.00 oK 927.66 81,8
5 S5IM 126417 42455 27876 53282 oK 1105.54 Mot OK
6 S5IM 1034.54 421.46 27260 5733 oK 1099.28 Mot OK
Extrema 128417 42499 27878 573.31 1105.54
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D.4.3.2. Passive earth pressure safety check

Based on the ULS results screen, for each of the phases, 3 buttons give access to detailed
results of the 3 types of ULS checks. Let us first of all look at the passive earth pressure
safety check.

For phase 1, the passive earth pressure safety check was checked using the LEM model, the
main parameters of which are summarised in the results window (see the tutorial on
“Excavation supported by cantilever wall” for more details on this model).

ECT checkings X

1: Excavation to5.00 | 2: Anchors at 400 | 3:Excavationto-9.00 | #: Anchors at-8.00 | 5 :Bxcavationto-14.00 | 6: wal creep

Passive earth pressure is considered on left side for this phase.

Checking of embedment depth: \
Null pressure point 20=550m )
f=20-2c=309m 2
Null moment point w=28m
fo=20-2p=1650m
Wallbottom levet =-2200m fo A
3
=533 212 @ i
2z

Checking of the mabilisable counter passive earth resistance:
Transition point m=T52m
Required mobiisable counter passive earth resistance to balance horizontal forcCt d = 458.91 Kiml
Counter passive earth resistance below zn Cm,d = 18780.02 kN/mi

Mebilisation factor: a=0.0%

Cm,d>Ctd -]

Checks of safety against failure on the passive side of the wall are ensured for this phase.

For the following phases (2 to 6), the wall is considered to be “anchored” and therefore the
passive earth pressure safety check is based on the MISS calculation. It consists in checking
that the mobilisable (or limit) passive earth pressure is greater than the mobilised passive
earth pressure, with a sufficient safety margin. For example, for phase 6:

¢ Calculation value of mobilisable passive earth pressure: B, g =2 138/ 1.40 =1 527 kN/ml.
¢ Calculation value of mobilised passive earth pressure: Big=1 024 x 1.35 = 1 383 kN/ml < B 4.

ECT checkings X

[ 1 Excovation t0 5,00 | 2 Anchors at4.00 | 3 :Excavationto .00 | 4 Anchors st 8.00 | 5 Excavation to14.00 | 6:Wal crezp

[Fass press | [ venge || kamz |

Passive earih pressure is considered on left side for this phase.

Checking safety against failure on the passive side of the wall

Mebilised passive earth pressure:

Characteristic value:
Design value:

Limiting passive earth pressure:
Characteristic value:

Design value:

Btk = 1023.80 kN/ml
Btd = 138213 kil

Bimk = 2138.05 kNiml
Bmd = 1527.1 ki/ml

Btd<Bmd @

Checks of safety against failure on the passive side of the wall are ensured for this phase.

[

Application of a "1.40" factor to the mobilisable passive earth pressure can be explained by
the fact that phase 6 (just like phase 5) is considered to be "permanent".

Copyright © K-Réa v4 — 2016 — June 2016 Edition
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D.4.4. Vertical equilibrium

The second "Verif. Eg." button gives access to the vertical balance of forces. The following
figure presents the result obtained for phase 6.

The balance of vertical forces takes account of integration of the following terms over the
entire height of the wall:

e The vertical component of the mobilised earth pressure. It is calculated from the
horizontal equilibrium of the wall (MISS calculation);

e The vertical component of the forces in the anchors;

e Any external forces applying directly to the wall?;

e The weight of the wall itself.

EC7 checkings

[ 1: Excavation to -5.00 m ] 2: Anchors at-4.00 m ] 3 : Excavation to -8.00 m ] 4: Anchors at-8.00 m I 5: Excavationto-14.00m | &:Wall creep

‘Weight P of the walt:

‘ Pass. press. || Vert. Eq_ | ‘

Kranz |

Wertical resultant force Py of earth pressures along the wall:
Vertical resultant force Tv of forces due to anchors linked to the wall

Vertical resultant force Fv of linear loads applied to the wall

Pv.d =-86.17 kN/ml
Tw,d = 422.96 kN/ml
Fw,d = 0.00 kN/ml

P,d = 742.50 kN/m|

:-E AFV,d
OPyqf |

X

ULS resultant of vertical forces: Rvd=Pd+Pvd+Fvd«+Tvd=109929 kN/r 1B
| “AFyq

APy glfl
Villipg

@ LS vertical force of 1089.28 kN/mito be transfered to the retaining wall bottom lsvel (vertical squiliorium ensured l |
provided bearing capacty il 1
A

lATV. d

at bottom level has been checked and ensured).

——

Here, for phase 6, the vertical resultant of the forces is evaluated (at ULS) at about
1 100 kN/ml, which corresponds to a base resistance of 1 100 / 1.0 = 1.1 Mpa, which is
acceptable given the nature of the supporting soil (Marls with pl > 3 MPa).

It should be noted that for the case of an anchored wall (phases 2 to 6), the evaluation of the
vertical component of the earth pressures along the wall is based on a “prorata” approach:
for a horizontal earth pressure component which is “intermediate” (between limit active earth
pressure and limit passive earth pressure), the corresponding vertical component is
calculated prorata the horizontal mobilisation ratio, assuming that the vertical component is
nil for a nil displacement (reference point). This is detailed and illustrated in part C of the
manual. It is important to recall that this approach is only valid in the case of initially
horizontal ground.

D.4.5. Stability of anchor block (Kranz)

For phases 2 to 6, the presence of anchors triggers performance of an additional check,
which is a check on the stability of the anchor block.

This check is performed using the "Kranz" model: for each phase, we consider several
situations as necessary (corresponding to the anchor block associated with each active
anchor in a given phase). Then, for each situation, the calculation takes account of one or
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more anchors, depending on whether their bedding zone is partly or entirely outside the
anchor block in question.

For example, let us consider the case of phase 5 for which two situations are examined.

EC7 checkings b e

[ 1 Excavationto 5.00 | 2: Anchors at4.00 | 3: Excavationto 500 | 4: Anchors at-5.00 | & : Excavation to -14.00 | 6 : Wall crasp

‘ Pass. press. H Vert Eq H Kranz ||
bcks  z)  x(B)  z(B)  =C) Arst  Wot  PIH PV P2H RV RH RV Tdsbk
nb o fm Iml (M (1 (ml (MmD (W] [uml (Ml (] Om] [im]

4 -21.34 103 0.00 -10.00 3000 2487.88 95135 30338 248.85 0.00  -480.72 2062.96 24328
3 -2134 1038 000 -1400 3000 26973 95135 30338 42911 0.00 -8507 214085 504.80

[N | . siuation Tdsbk Trefk T dsb,d Tref d Resuttat
A s A khim] [kim [kiumy kim] Satisfaisant
t +
! WatRe 1 24328 382,71 22115 51666 Ko
| 2 50480 80117 458,81 81158 Ko
|
|
|
|
|
Pig 1 = The anchor medium studied is at the right side of the wall
L - € The stability of the anchoring block is not ensured for this phase.

e Situation 1 corresponding to the anchor block of the upper anchor (figure below -
left). The reference anchor force considered in this situation is equal to that of anchor
1 + a part of the force of anchor 2:
o Anchor 1:
v" The calculation value of its force is T1 4 = 279 kKN/ml;

v' Effective anchor point (middle of bedding) situated within the anchor
block => force taken into account 100%;

o Anchor 2:
v The calculation value of its force is T, 4 = 533 kN/ml;

v' Effective anchor point situated outside the anchor block, but a part of
the bedding is inside the medium (about 2.24 m) => force taken into
account prorata of 2.24 m /5.00 m, i.e. 45%.

o Result: the calculation value of the reference anchor force for this situation
is thus Trefa = (100 XTig+ 0.45 x T2.d) =517 kN/ml.

Xs \ \ Xs .
% Situation 1 Z Situation 2
Z Z;
10m
14 m
Ziouille
Ziouille
ZH Zp
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e Situation 2 corresponds to the anchor block of the lower anchor (figure above -
right). The anchor points of the two anchors are situated inside the medium. The
forces of the two anchors are then taken into account in full in the check, or a
reference anchor force (in calculation value) for this situation of 279 + 533 = 812
KN/ml.

The stability of the anchor block is confirmed if the reference anchor force T.:q thus
calculated is lower than that causing destabilisation of the medium Tyg,4 for all situations
examined. In the present case, this condition is not confirmed, which reflects the insufficiency
of the free length initially chosen for the anchors.

D.4.6. Review of free length of anchors

We will now return to the previous project and increase the free length of the anchors. This
was initially considered to be Lo = 7 m, which corresponded to a useful length of L, = Lo +
L/2=7+10/2=12m.

We propose repeating the calculations with the following values of Ly, updating the value of
the useful length L, and that of the stiffness K each time, for the two anchors (anchor action
parameters in phases 2 and 4).

Free length  Bedding length Useful Kupper anchor ~ Kiower anchor

Lo Ls length L, (KN/m/ml)  (kN/m/ml)
Initial case (0) 7.0m 10.0 m 12.0m 12 500 18 750
Casel 8.0m 10.0 m 13.0m 11 500 17 310
Case 2 9.0m 10.0 m 140m 9 900 14 835
Case 3 100 m 100 m 15.0m 7 900 11 870

By repeating the calculations for each case above and analysing the results of the Kranz
check, we can see that confirmation of the stability of the anchor block requires a free length
at least equal to 10 m for the two anchors (case 3). The result obtained in this case (L, = 15
m) is presented in the following figure (phase 5).
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ECT checkings *
[ 1:Phase 1 [ 2:Phase | 3:Phase3 | 4:Phase4 | §:PhaseS | 6:Phases | -
l Pass. press. l [ Verif. Eq. l | Kranz |
Stugton NPOT Blocks zD)  x(B)  zB)  C) Arel Wit P1H PV P2H P2V RH RV Tdsbk
anch... nb [m] [m] [m] [m] ] [kNfml]  [kW/ml}  [kNfml  [kNiml  [kN/ml]  [kNfmll o [kMW/ml [kNémi]
1 2 4 -21.21 1289 0.00  -11.50 3000 323344 91870 31426 30610 0.00 -153.52 265413 53010
2 2 3 -21.21 1289 0.00  -1550 30.00 349452 91870 31426 45329 0.00 37716 2719.88 52096
I x(B) | Tdsbk Trefk Tdsb,d Tref,d Resultat
! ! z(B) Situation ; b 3 ret, ey
A B~ kN RN/ kN kN Satisfaizant
T T
: W,., (+Fe) IP.‘, 1 530.10 310.81 481.91 419.59 oK
1 - 2 520.96 558.86 837.24 T54.47 oK
|
1
|
|
|
Py 1 The massive studied is at the right side of the wall
Py P @ The stability of the anchoring block is ensured for this phase.
1 -7
#p) 1T | =
S o R
oK
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D.5. Tutorial 5: Development of a marine wharf

The example studied is that of a marine wharf consisting of a sheet pile wall anchored to a
back wall. This is itself anchored by a layer of bedded anchors.

Linking anchors Back wall AU14

wangeanas | LU [eow /1]

\l IZASISS
\ Bedded anchors
Backfill
Z=0.00
— Z=-1.00
Loam
-5.00 Z=-5.00
/NSNS
Mud
Mud Y Mud
Z=-9,00
Z=-11.00 //_,——;-va 10.00
Marles Marles
-13.00
T 12m |
I\

This exercise aims to illustrate the following points:

Modelling approach for a “sheet pile wall / back wall” system;
e Modelling of earthworks;

e ULS checks for a double-wall calculation.
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D.5.1. Data input

D.5.1.1. Title and options

After starting K-Réa in “New project” mode, access the Title and options window. Fill out the
“Title and “Project number”.

In this window, select a “Double wall” project type. The “Distance between the two walls”
must then be given; this is taken at being equal to 12.00 m for the purpose of this exercise.

Then leave the other parameters at their default values.

] Title and options X%
Title | Project number Kmiecﬂype \
Calculation title: Example 5.

Project number: | Example 5 —1
Units j
Units system: @) Metric, kN, kNim™ Metric, t, tim®
Metric, 1N, MN/m Imperial Simple wall Double wall
Definition of the project in Calculation options Double wall options
Levels Depths Number of terations per phase: 100
—— Distance between the two wals 12.00 m
Additionnal checks Calculation step: 0.20 m
[ Perform the ULS checks [] Accounting for Znd order moments.
Advanced calculation options. ‘
Curves display Wiater options
Same horizontal scale for curves Water weight 1000 KNI
T e e Hydrauiic gradient definition mode:
French @jiEngish! Espaiol N ECclids REsSuES) ‘ Cancel | I Validate and Quit ]

K-Réa then asks you to save the new project: define the appropriate name and directory.

D.5.1.2. Definition of soil layers

The soil in place and interacting with the structure comprises three layers. Enter their general
characteristics as summarised in the following table.

z Y Y’ c dc 5o Byo

Haver M kNM)  KNMY () kPa) (NmEm) () ()
Sandy 4500 20 10 30 0 0 0.66 -0.33
loams
Clayey -5.00 19 9 25 5 0 066 -0.33
mud
Marl -9.00
subs)':ratum to - 20 10 30 30 0 0.66 -0.33

11.00

Then use the K-Réa wizards to calculate the parameters for generation of the Ko/ka/kp
coefficients. The reaction coefficient k;, is imposed for each layer as shown in the following
table.
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K K K K K K
Layer 0 ay py ac pc h
y ) ) ) ) ) (KN/m’/ml)

Sandy loams 0.500 0.283 3.932 0 0 10 000
Clayey mud 0.577 0.349 3.062 1.387 4.264 3000
Marly 0.500 0.283 3.932 1.237 4.985 100 000
substratum

The other parameters are left with their default values. To do this, leave the Modify
advanced parameters box unticked.

The initial water level is zw = +0.00.

The top of the marly substratum is taken at -11.00 by wall 1 (main wall) and at
-9.00 by wall 2 (back).

The following figures illustrate the summary produced once the soil parameters have been
filled out for the two walls.

Phreatic level

Zw: 0.00 m

Soil layers O X
@ wall1 | (@ wal2 .
Select the line to edit:

- Layers z ' s P c de kh dkh . pmax
x names il (v (pv. | 1 (pow |powm | KO | MY | WY | K k0 kac | oy gy |88 | Oofe | kavmin
1 Silts 5.00 20.00 10.00 30.00 0.00 O0.000 0500 0.283 3532 0.500 0.500 0.000 0.000 10000 O 0.660 -0.3.. 0.100 10000....
2 Vases -5.00 1%.00 %.00 2500 5.00 O0.000 0.577 0.34% 3.062 0.577 0.577 1.387 4254 3000 0O 0.660 -0.3.. 0.100 10000....
3 Marl -11... 20.00 10.00 30.00 30.00 0.000 0500 0.283 3.932 0.500 0.500 1.237 4.985 100.. O 0.860 -0.3.. 0.100 10000....
Validation of this window will reset the LEM coefficients. [ mport model l [ Delete l [ i l [ Validate Soi l

It is possible to import into wall 2 the parameters already filled out for wall 1 by going to the
“Wall 2” tab and clicking [ meotmas |, Then modify the level of the top of the Marl to -9.00 for

wall 2.
Soil layers O hed
@ Wall1 | (@ wall2 -
 ——)
Select the line to edit:
= Layers 7 ¥ \'s (] . dc kh dkh pmax
i names Ml N N ] N pum.. | <0 | ke kv ko ke kac ) kee p ey B9 Gefe kavimin
1 Sits 500 20.00 10.00 30.00 0.00 O0.000 0.500 0.283 3.932 0.500 0.500 0.000 0.000 10000 O 0.650 -0.3.. 0.100 10000....
2 Vases -5.00 15.00 500 2500 5.00 O0.000 0577 0.349 3.082 0577 0.577 1.387 4284 3000 0O 0.650 -0.3.. 0.100 10000....
3 Marl -5.00 2000 10.00 30.00 30.00 0.000 0500 0283 3932 0500 0500 1.237 4985 100 0 0650 -0.3.. 0.100 10000
Validation of this window will reset the LEM coefficients. [ Import model l [ Delste l [ — ] [ Validate Soil
Phreatic level zw: 0.0 m

Click | vabate anaaut |,

To consult or modify the soil layers subsequently, click the Data Menu then Soil Layers.
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D.5.1.3. Definition of walls

After validating the characteristics of the soil layers, those of the walls must now be defined.
The characteristics to be input are as follows:

Zy

()

Zpase

()

El
Type (KNm?/mi)

(KN/m/ml)

Wall 1 +5.00

-13.00

AU25

118 104

Wall 2 +5.00

-10.00

AU14

60 228

Note: It is possible to use the “Sheet pile wall” wizard to directly import the El and W

parameters of each wall.

[] circular wal
Wall top levet 20-
. zbase
S |
[m
> 11300
*

WValdate and Quit

All the values (datas + results) displayed in the software relate to the wall
uni

Continuous wall | Composie wall | Shest pie wall

e (e }(

500 m

El w
[kNmTmi] [RNmim]

118104 147

it length (1m/1ft).

ArcelorMittal piles catalogue

EI Type
118104 kiim=2/ml

() Standard Z

(@) Standard U
' Ko ]

©) Jagged Wall

AN AN AN AN,

Type: Standard U

Section: AU 25

Info

B=750.00 mm

1= 56240.00 cmé

W = 2500 cmEim
U Section G = 147.00 kg/m®

| H=<¢s000mm

AU 25 -

Definition of coefficient Beta D

e Custom %

Cancel and Qut

Retaining wall

@walli | @ waz
I

[] circular wal

Wallop level: 0=

. z,base
Noa i

[ml
3 1-10.00

*

WValidate and Quit

|| Continuous wal | Composte wall | Sheet pie wall

== )
:

[
5.00

El w
[kNmfmi] [kNmim]
60228 1.04

All the values (datas + results) displayed in the software relate to the wall
unit length (1m/1ft).

Cancel and Quit

e Type

60228 kNm?2/ml
© Standard Z

(@) Standard U

© Combined Wall

©) Jagged Wall

ArcelorMittal piles catalogue

AN AN ANV Y.

Type: Standard U
Section: AU 1

Info
B =750.00 mm
1= 2863000 cmé
W = 1405 cnim
U Section : G = 104.00 kg/?
- | H=40800mm
AU1e
Definition of coefficient Beta D
e Custom -
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D.5.2. Definition of phasing

D.5.2.1. Initial phase

The initial ground is represented by a 2H/1V bank on either side of wall 1. The ground is
assumed to be horizontal by wall 2. The following actions must therefore be defined:

¢ “Excavation” action on the left, of “Berm” type

o zZ,=-5.00m z,=+0.00m
o a=010m b=10.00m

¢ “Excavation” action on the right, of “Bank” type

o z,=+0.00m z,=+5.00 m
o a=10.00m b=0.10m

l @ roo I@Pm [-@Puz I@Poa I@Pw I-@Pns I@Pnﬁ I@Pw I@m I“
—

+1

Initial phase

@ Wall 1 - Excavation

(@ Wall1 - Excavation

Toom = = = =

-500m Vases -5.00m

@ wall © wanz

-9.00m

-100m Marl

@ Lent D) Right/ 2W. a

Excavation geometry
zh: -5.00 m

[¥] Define a bank or a berm b

Bank/berm definition

Comments | Drawing settings

D.5.2.2. Phase 1: Earthworks to level -1.00

In this phase, we simulate the earthworks between the two sheet pile walls at -1.00 m with
the creation of a berm to the left of wall 2. The actions to be defined are as follows:

Wall 1

Wall 2

Excavation action on right to -1.00 m

Excavation action on left to -1.00 m with
Berm:

e 7,=-1.00m 2z =+43.00m

e a=2.00m b=6.00m

Hydraulic action on right to -1.00 m

Hydraulic action on left at -1.00 m

Caquot overload of 10 kN/m/ml on right at z
=+5.00 m
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@Poul @1 x| [@ws [Gre [Grs [Gee [@er [@rs [+] - List of available actions F—
N
T Hydraulic
J’» — =
Hydraukc action 2 @ Wall 1 - Excavation
Earthworks @ wall 1 - Hydrauiic action
l < \L Excavation [~ [™] (@ wal2- Excavation
Silts Sois properties (@ Wall 2 - Hydraulc action
Now sol properts = @ wal 2- Caquot surcharge
300m
Wall properties
Modification of wal bending stiffness =[]
L R — = Anchors [C] sismic calculation =)
= S5 oo = Anchor [=] O] [ envelope
Loads - Forces - Moments
Caquot surcharge =[]
500m Vases | [500m Vases A
Excavation
O wal 1 @ wall2
I> Excavation side
@ LefvB 2w ) Right

Excavation geometry

a0 m
[¥] Define a bank or 2 berm

Bank/berm definition

© Bank @ Berm
Sereen 1 Screen 2 2t 3.00 m
| ’“l ‘ M‘ a 2.00 m
A b 600 m

D.5.2.3. Phase 2: Bedded anchors

In this phase, we simulate the installation of a layer of anchors bedded behind the back wall.
The following actions must thus be defined:

Wall 1 Wall 2

“Anchor” action on right with:
e za=+3.00m

K =10 000 kN/m/ml

P = 100 kN/ml

a=30°

[@PM]@FM |@F‘02 "l@FﬂG ]@m ]@Po& ]@Pﬂs I@FO? [@Poa [¢| - List of available actions

Hydraulic
+ T Hydraulic action [+ ]
Earthworks
\L < J, Excavation =] 0]

Soils properties
New soil properties. [+ ]

300m
Wall properties
£N Modification of wall bending stiffness IS
Py,

T S Anchors [F] Sismic caculation =]
= S| [.00m = Anchor [+ [ Envelope
Loads - Forces - Homenis

Phase 2

@ Wall2 - Anchor

Caquot surcharge [+ 0]
-500m Vases -500m Vases FaN
Definition of an anchor
© wal1 © wall2
D Activationesactivation
@ Activate
© Deactivate
© modity
Anchor
Anchor n*: 1
) LefB2W @) Right
za: 300 m
Soreen 1 Sereen2 K 10000 Khimimi
| m| | m| P 100.00 Kl

= Wizard
= . aw
Comments | Drawing settings . Elastoplastic behavior

Copyright © K-Réa v4 — 2016 — June 2016 Edition 95/107



c; terrasol

D — Tutorial Manual K-Réa v4 setec

D.5.2.4. Phase 3: Earthworks to level -1.00 (cont.)
Elimination of the berm to the left of wall 2. For wall 2, the following must thus be defined:

e “Excavation” action on left with:
o zh=-1.00m

@ P00 | @ P01 @ Po2 @roz x| GPoa @ Pos @ PO5 @ P07 @ P03 - List of available actions

Hydraulic
T Hydraulic action - 0
a s

New soil properties. - [

Wall properties

Modification of wall bending stiffness = [ )

Tom = [——~=——— Anchors —
= Silts -1.00m = Anchor » [ [ envelope
Loads - Forces - Moments

Caquot surcharge - 00

K

-500m Vases -5.00m Vases
Excavation

Wall 1 © wall2

Excavation side

-9.00m Marl

© LefB 2w Right

-Ti0m Warl Excavation geometry

zh -1.00

[7] Define a bank or a berm

D.5.2.5. Phase 4: Backfill and linking anchors 1

In this phase, we simulate the installation of the first layer of linking anchors followed by
backfill to +2.00 between the two sheet pile walls. The actions to be defined in this phase
are:

Wall 1 Wall 2

Linking anchor action on right with
e Type: Anchor
e zaa=zab=-0.75m
e K =10 000 kN/m/ml
e P =0KkN/ml

The same action is automatically copied to
the left of wall 2.

Backfill action on right up to level +2.00 with:
e Layer name: Fill
e Soil parameters: see below

Backfill action on left up to level +2.00 with:
e Layer name: Fill
e Soil parameters: see below

Hydraulic action on right at +0.00 Hydraulic action on left at +0.00 m

Boussinesq overload action on right at z =
+2.00 m with :

e x=20m L=8.0m

e (=50kN/m/ml a,=1.33

Note: when defining the backfill action for wall 2, it is possible to retrieve the parameters
already input for the wall 1 backfill using the import wizard situated under the figure, using
the backfill action (remember to use the soils database: DB).
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[@Puu]-@?m I@P\}z I-@Pna ‘am x‘@vus I@Puﬁ ]@Pw ]@Pu& ].]

+1

Phase &

@ Wwall1 - Linking anchor
@ Wall 1 -Fil
v [ ] @ wal1-Hydraulic action

Ful

200 ™
ooy,

Wal S
X wa
[ = = = = "
Silts 1.00m Ancher
\ Loads - Forces - Moments.
arge

-500m Vases -500m Vases

@ wal1 Wall2

B00m Marl Fil

-1100m Marl

Apply automatically layer properties of the current
wall

Fill ~ | Transfer 4

Import a soil from the soils DB

Comments | Drawing settings.

‘ Add this fil to the soils DB |

The backfill characteristics are to be filled out in the window accessible via the

’ Soil parameters | button.
Y y' C dc 0./ O/
(kN/m?®) (kN/m?®) ) (kPa) (kN/m2/m) ) )
20 10 33 0 0 0.66 -0.33
Ko Kay Koy Kac Kpc K
¢) ) ) Q] ¢) (kN/m'/ml)
0.455 0.249 4.740 0 0 10 000

The other parameters are to be kept at their default values. To do this, leave the Modify
advanced parameters box unticked.

D.5.2.6. Phase 5: End of backfill and linking anchors 2

In this phase, we simulate the installation of the second layer of linking anchors followed by

backfill up to +5.00 m between the two sheet pile walls. The actions to be defined in this
phase are:

Wall 1 Wall 2
Linking anchor action on right with
e Type: Anchor The same action is automatically copied on
e zaa=zab=+4.00m the left of wall 2.
e K =10000 kN/m/ml
e P=0KkN/ml
Backfill action on right up to level +5.00 with: Backfill action on left up to level +5.00 avec:
e Layer name: Fill e Layer name: Fill
e Soil parameters: same as previous e Soil parameters: same as previous
phase phase
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[@m]@m ]@m [@m I@m ‘ @ ros X‘@Pm; I@Pw I@m I'} - List of available actions F—
T Hydraulic
+ - =
Hydraulc action ) (@ Wal 1 - Linking anchor
Earthworks @ wal 1-Fin
] ¢ 1 Excavalion [=] 0% | @ wal2-Linking anchor
Sits
@\ Sols properties @ wanz-Fil
New soi properties [x O=)
Wall properties.
\x X 3 Modification of wal bending sifiness |~ (1]
i
Toom = = S = = Anchors [ sismic calculation =]
5| oo 3 ‘Anchor [ (] Denveipe
Loads - Forces - Moments.
Caquot surcharge = 0=
500m Vases | |500m Vases A
Definition of a linking anchor
l> Activation / Desactivation

Screen 1

[m|

Screen 2

@ Activate
() Deactivate

©) Modify
@ Anchor © strut

Definition of a linking anchor

Comments | Drawing settings

Linking n*: 2
2as: 400 m
zab: 4.00 m
o 12.00 m
@ 0.00

= K: T
Prestress
Elastoplastic behavior

KNimiml

Linking anchors are the only interactions
taken into account between the two
walls. There is no interaction considered
between the two walls through the soil.

D.5.2.7. Phase 6: Dredging to level -5.00

In this phase, we simulate dredging downstream of the main sheet pile wall. This entails
horizontal earthworks to level -5.00. For wall 1, the following must therefore be defined:

e Excavation action on left to -5.00 m

[@mﬂl@?m ]@m ]@m

[@m

[@rs

‘@Pﬂﬁ X‘@FDF

[@re

]

List of available actions

+1

-500m

Screen 1

-5.00m

Screen 2

Hydraulic

Hydraulic action

Earthworks.

Excavation

Sails properties.

New: soi properties

Wall properties

Wodification of wall bending stiffness.

Anchors

Anchor

Loads - Forces - Moments

Caquot surcharge

Excavation
@ wan 1

Excavation side

© Lekt

© wan2

©) Right/B.2

Excavation geometry

zh -5.00 m

Define a bank or a berm

Phase 6

(@ Wall1 - Excavation

[C] sismic calculation
Envelope

R CI G U C
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D.5.2.8. Phase 7: Start-up

In this phase, we apply the overloads representative of operation of the wharf. The following

actions are to be defined:
Wall 1

Wall 2

Caquot overload action of 30 kKN/m/ml on

rightatz = +5.00 m

Modification of Caquot overload action on
right, new value g = 30 KN/m/ml.

leftatz=+5.00 m

Caquot overload action of 30 kN/m/ml

on

[@r0[@ro [@rz [@r: [@re [ @rs [@re | @r7 x[@me [+] List of avsilable actions
Hydraulic
T Hydraulic action [=] 0
Earthworks
l [« l l c l l c \L Excavation =] )
B Sifts Soils properties
New soil properties [+ o)
Wall properties.
Modification of wll bending stifness | =| (1]
D04 Anchors.
= = = N | = Anchor ] €=
Sits) o oom Loads - Forces - lfoments
Caquot surcharge [=] 0
B00m Veses | [B00m Vases o
Caquot surcharge applied on the horizontal ground surface
@ wal1 ) wan2
D Actwationibesactivation
@ Activate
© Deactivate
©) Modify
Surcharge

Surchargen”: 1

O Left @) Right/B 2w
z 5.00 m

Screen2
L 30.00 Kb/l

Phase 7

@ Wall1 - Caquotsurcharge
@ Wall2- Caquot surcharge
@ Wall2- Caquot surcharge

[ Sismic calculation
[] Envelope

D.5.2.9. Phase 8: Tidal range situation

This phase simulates the transitory phase which follows a tidal range situation (high water at
+3.00) in which the hydraulic equilibrium has not yet been restored on both sides of the main

wall.
Wall 1

Wall 2

Hydraulic action on right at z,, = +3.00 m

Hydraulic action on right at z,, = +3.00 m

Hydraulic action on left at z,, = +3.00 m

[@PDDI@P(M I@Poz I@Pﬂﬁ [@Pm I@Pns

[ @

I@Pw

List of available actions

‘@PD& xm

+1

Hydraulic
Hydraulic action

Earthworks

I

[

C

l

T |

Silts Soils properties

New soil properties

N

‘Wall properties

RN
= =
N \‘ g, )

Modification of wall bending stiffness

Anchors

Anchor

Loads - Forces - Moments

Caquot surcharge

-5.00m

Screen1

B00m

Definition of water action
© wal1 © wanz
Action side
O Left

Definition of water level

(@ Right/B.2W

zw: 3.00 m

[ Define a hydraulic gradient

Screen2

Jim] &=3

il =2

Jim] &=3

il =2

A

Phase &

(@ Wall 1 - Hydraulic action
(@ Wall2 - Hydraulic action

[+ ™) |@ wal2- Hydraulic action

[C] sismic calculation

[+] @3 [Eeaveiope
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D.5.3. Results
D.5.3.1. Forces and displacements

An analysis of the results obtained leads us to make the following comments:

e The most unfavourable phase is the tidal range phase for which the deflection of the
main sheet pile wall exceeds 4 cm. The maximum bending moment is about
287 kNm/ml on wall 1 and 266 kNm/ml on wall 2;

e The displacement in the service phase remains less than or equal to 3.0 cm;

e The passive earth pressures ratio is about 2.1 for the service phase (main wall) and
1.8 for the tidal range situation (main wall also), which is acceptable;

e The linking anchors work at a maximum of 361 kN/ml (tidal range — lower layer). The
maximum axial force in the bedded anchors reaches 138 kN/ml in the tidal range
situation.

[ Data ] Results synthesis I Envelope phases 1 to & - Wall 1 ] Envelope phases 1 to 8- Wall 2 ] 1 Earthworks to -1.00 I 2 : Bedded anchors ] 3; Earthworks to -1 ] 4 Backfiland linking = "

Walls Display
@ Wall1 @ Curves Calculation converged after 4iteration(s).
) wanz2 () Tables
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml] Earth/Water pressure [kN/m/ml|
6+ 4 6 -+ + 6+ +
4+ !— 4+ i 4+ -

| P, A ]

6 + 6+ + 6 4
8 — 5+ —+ 5 -+ -
1+ 4 10+ 4 10+ -
A
12 + £ 12 4 —> 12 4+ ""-—_—---.._H\__\
14+ 4L 14 4+ 4L 14 4 dL
I I I I I I I L L
t t t t t t t t
-30 0 30 -200 [u] Z00 -200 1) 200 -400 -200 o 200 400
9 Displacemant { ) Rotation 9 Shear force ! Normal force 9 Differential { | Decomposed
Min = 4312 - Max=1.92 Min =-217.51 - Max = 256.68 Min = -128.52 - Max = 231.40 Min = -329.54 - Max = 359.34
Earth resistance ratio: 1.706
Charts legend: — Characteristic values — Design values -— Water
Linking anchor n*1 | lengitudinal force 360.92 kN/ml :
Linking anchor n°2 | longitudinal force 54.72 kNiml | Print

Linking ancher n*1 | longitudinal force 350.92 kN/ml =
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D.5.3.2. Mooring / Berthing

We now propose examining the effect of mooring and berthing forces on the behaviour of the

structure. The phasing already defined is supplemented by three additional phases:

e Phase 9: restoration of hydraulic equilibrium with water level at +0.00 everywhere.

[@m I@m [Qm ]@m& IQWG [Qm I@poa ‘@pm x‘@pm IQPM [4]

+1

Sereen 1 Screen 2

[m| [ml

List of available actions

phase 9

Hydraulc
Tyoraicacton = [1#]

Eartnworks
[oxcavaion = (¥
Sois properties
MNewsoipropertes v (%)
Wal properties

Moalfication of wall bending stifness | =)
AIETE [E] sismic calculation ==
Anchor - (™) [envelope
Loads - Forces - Moments.

Caquot surcharge | =0

A

Definition of water action

@ wall 1 ) wial 2

Action side

O Lekt © Right/B.2W

Definition of water level
2w 0.00 m

] befine s nydrauii gradient

e Phase 10: docking situation represented by application of a linear force of intensity
equal to -200 kN/ml directly on wall 1 at level +4.00 and angled at a = -25° from the

horizontal;

[@re [@ms [@re [@rs [@rs [@rr [@rs [@re [ @ro x[@en -]

+1

List of available actions

phase 10
Hydraulic
—_—
Hydrauic action -

) | G T oy et

Earthworks

xcavaon x| (»)

Soils properties

[Newsolpropettes = | [(*]

Wall properties

[Modificaton of wallbending stfiness |~ (1]

Anchors [E] sismic calculation
Anchor = ™)  [Jenvelope

Loads - Forces - Moments

[caquotsurcharge v (™)

A
Definition of a line force
® a1 © warz
Activation/De sactivation
@ Activate
© Deactivate.
© Moaty

Definition of a line force.

For 1

= 400 m

. 20000 | wuimi
2500 |
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e Phase 11: berthing situation represented by application of a linear force of intensity
equal to +346 kN/ml directly on wall 1 at level +3.00 and angled at a = +30° from the
horizontal. In this phase the linear force defined in the previous phase must be
deactivated.

[@r2 [@r3 [@r [@ros [@rs [@rr [@rs [@re [@r0 | @Pir x m List of available actions
Hydrauic
+ T Hydraulic action - [

phase 11

@ wall1 - Apply a line force
@ Wal 1- Apply a line force

Tout venant 500m Silis

v sol properiies
Wall properties
TNy L Toutvenant | [200m \ Modification of wal bending stiffness | )
Qoo Anchers Sismic calculation [ ]
= = = ] 2 Pobor 2/ Deaveone
S | T Loads - Forces - oments
Caquot surcharge - [

5.00m Vases | [-500m Vases

Definition of a line force
@ wal 1 wall2
Activation/Desactivation

) Activate

“11.00m Marl

Definition of a line force

Force n° 2

F. 346.00 Kimi

@ 20.00

Restart the calculation and access the results obtained. The next figure compares the results
of phase 9 corresponding to restoration of hydraulic equilibrium, with those of phases 8 (tidal
range) and 7 (start-up). The “tidal range” situation causes an additional displacement of
about 2 cm with respect to the service situation. The return to hydraulic equilibrium is unable
to cancel out this additional displacement: the deformation of the wall after restoration of the
water level at +0.00 m remains close to that which was obtained in the tidal range situation,
which means an “irreversible” behaviour of the structure linked to plastification of the soail
under the effect of the additional loadings in the tidal range situation. The same behaviour is
observed for the back wall.

6.00 6.00

Displacement (mm)

Displacement (mm)

R
-20 Q -1

Level (m)
Level (m)

Wall 2

— Start-up .". — Start-up
-12.00 9 -10.00
= = Tidal range = = Tidal range

©  Returnto equilibrium 14.00 o Returntoequilibrium -12.00
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The results of the mooring and berthing phases are summarised in the following table, by

comparison with phase 9.

Deflection Mmax.1 Mmax.2 Tupper anchor Tiower anchor Tbedding

(mm) (kKNm/ml) (KNm/ml) (KN/ml) (KN/ml) (KN/ml)
Phase 09 42 282 262 54 350 138
Phase 10 49 265 260 191 363 157
Phase 11 41 277 259 100 353 148

D.5.3.3. ULS checks

The previous results can be supplemented by those concerning the ultimate limit states
calculation. For this, go to the “Title and Options” tab and tick the “Perform the ULS checks”
box. The approach selected by default is that of the NF P 94 282 wall model (approach 2/2*).

4] Title and options
P

Title | Project number

X

Project type

Calculation title: Example 5¢c
Project number: | Example Sc
Units

Units system: @) Metric, kN, kN/m? ) Metric, t, tim®

Metric, MN, MN/m® Imperial

Definition of the project in

( Additionnal checks
Perform the ULS checks

Approach 2 (EC7 ... | = \:\

Calculation options

Number of fterations per phase: 100

Calculation step: 0.20

[] Accounting for 2nd order moments.

Curves display Water options

Same horizontal scale for curves

Hydraulic gradient definition mode
) Potentials.

Language for output

French @ English Espaiol Pressures

Advanced calculation options.

‘Water weight: 10.00 kN/m®

=

Double wall

Simple wall

Double wall options

Distance between the two walls: 12.00 m

Cancel | [ Valdate and Quit

The fact of activating the ULS checks in particular allows:

e Determination of the ULS loadings used to demonstrate the structural strength of the
retaining structure elements (sheet piles, anchors, etc.);

e Justification of the distance between the two walls with regard to the stability of the

anchor block (Kranz model);

o Verification of the pertinence of the active/passive earth pressure angles and
evaluation, as applicable, of the force to be taken into account to check the punching

stability of the walls.
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Before restarting the calculation, the phasing must be supplemented by the following
elements:
e Phase 02/ Wall 2 / “Anchor” action — input the following information:
o Useful length of anchor Lu =8.5m
o Bedded length of anchor Ls = 7.0 m.

(om [om lom [om [om |om [em [om |om [er [om - -

+1

Phase 2
@ Transitory Phase () Permanent Phase

D Wal1-ULS Optins,
(@ Wall2- ULS Option:
D Wal2- Anchor

Definition of an anchor

O wal1 © wallz
ActivationiDesactivation
© Activate
© Deactivate
© Modity
Anchor
Anchorn: 1
© terpaw @ Rgnt
i) n
Sereen 1 Sereen2 K: 10000 KNimvmi
[m| [ m| > o m
7 3000
Lo ) n
Comment ts | Drawing seftings -
s 700 n
[ Elastoplastic behavior

—__

e Phases 07 (start-up) and 09 (return to hydraulic equilibrium) to be declared as

“permanent phase”. The other phases are declared by default to be “transitory
phases”.

[@mﬂl@nm [@m I@nua I@Hu I@m& I@mﬁ ‘@PDT x‘@m ]@Pﬂs ]@um - List of available actions sortan |
T Hydraulic (©) Transitory Phase (@) Permanent Phase J
Jr T
Hyaraulc act -] [
orauie acton (@ Wall1 - ULS Options (SSIM)
Earthworks @ Wall1 - Caquot overload
\L c \L l [ \L l c \L Excavation [+ (™ '@ wan2-uLs optons (SSIM)
W\ TEhers o @ Wall2 - Caquot overload
Wil 2 - Caquot overload
New soll properties =] =] @ vat2 - Caquot oveloa

Wall properties
A Modification of wall bending stiffness. [+ ]

— Anchors [E] cantiever wall 1 (=)
= A= = = ]
. : 5 ] e 2| (™) |5 cantiever wat2

i S Loads - Forces - Moments [E] seismic calculation

Caquot overload [=] (™) [ eavelope

E00m Clayeymud| [500m Clayey mud =

ULS Options (SSIM)

[ | Over-excavation

Laeft 0.00| m Aa,right 0.00| m

Screen 1 Screen 2

[ m] [m|

Comments | Drawing settings
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@ P @pmx|am ]am ]am ]ams. ]em ]apm ]ama ]am ]apm
]
Marly substratum]
300m
THom = /f
= Sandy loams T00m =
500m Clayeymud| [ 500m Clayey mud|
>
Screen 1 Screen 2
[m] [ m]
p<
Comments | Drawing settings

Phase 01 / Wall 2 / Right / “Caquot overload” - Nature = Variable.

List of available actions

Earthworks to -1.00

Hydraulic (@ Transitory Phase () Permanent Phase
Hydraulic action - [
e @ Wall1-LEM Options
Earthworks @ Wall1 - Excavation
Excavation ~ (] @ wall1- Hydraulic action
T @ Wallz- LEM Options
@ wall2 - Excavation
New soil properties. - [
Prop: (& Wall2 - Hydraulic action
Wall properties. i@ Wall2 - Caquot overload
Modification of wall bending stiffness - =]
Anchors Cantiever wall 1 (=)
Tie - =] Cantilever wall 2
Loads - Forces - Moments [C] seismic calculation
Caquot overload %] [ Envelope
A

Caquot averload applied on the horizontal ground surface

© wan1 © wal2
ActivationiDeactivation
@) Activate
Deactivate
Wodify
Overload
Overbad*: 1
O LefB 2w (@) Right
z 500 m
q 10.00] ki/miml
Action nature
() Permanent @ wariable

e Phase 04 /Wall 1/ Right
e Phase 07 /Wall 1/ Right
e Phase 07 /Wall 2 / Right
o Phase 07/ Wall 2/ Left
e Phase10/Walll

e Phasel1l/Wall1l

/ “Boussinesq overload” - Nature = Variable.
/ “Caquot overload 1” - Nature = Variable.
/ “Caquot overload 1” - Nature = Variable.
/ “Caquot overload 2” - Nature = Variable.

/ “Linear force 1”
/ “Linear force 2”.

Restart the calculations and directly access the EC7 checkings.

& ¢ _ B _ @A 7 B =] o,
Fichier ~ Données  Assistants Enregistrer  Calculer  Résultats | Veérifications EC7 | Aide
(@@ [Gre |G [Gre |G [ Grs @7 [ G [ @ro0 [ GPo | @Fn xm
+1 Déplacements [mm]
Nl =0t
R E \Q ‘ 2+
B = ‘ T
2T
e = [ =1 | <
10
e
a0 2 o ) ‘0
et e
[m] [m]
Moment [KNm/mi] Effort Tranchant [kN/ml]
s B =
2 2 T ———— b
—
* * 7/
4 % T
-10 -10 4
i ¢ ! ¢ ¢ ; ¢ ¢ ¢ ¢ T ¢ ¢ ¢ + ¢ ¢ ¢ ¢
-4000 -300 -2000 -100 0 100 200 300 400 -400 -300 -200 -100 0 100 200 300 400
@ Ecran1 Légende des graphiques.
O Ecran2 — Valeurs caractéristiques
© Groupss — Valeurs de caicul

Choix des actions
Hydrauique

Action hydraubque
Travaux

Excavation

Caractéristiques des sols.
Redéfinition es couches de sols
Caractéristiques de lécran
Hodification de Ia rigidé de récran
Ancrages et appuis

Tirant

Chargement sur le sol et fécran

Surcharge de Caquot

Options ELU (MISS)
Sur-excavation

2a,gauche

Accostage

® Phase transitoie () Phase durable.

(@ Ecran 1 - Options ELU (MISS)
@ Ecran 1 - Force linéique
(@ Ecran 1 - Force inéique
@ Ecran 2 - Options ELU (MISS)

B Ecran 1 en consoke
[ Ecran 2 en console
[ Calcui sismique
[ Enveloppe

FEREEEB

3

£a drote
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o Passive earth pressure safety check: the stability of the wall is demonstrated with
respect to the passive earth pressure safety check for all the phases and for the two
walls, except for the return to hydraulic equilibrium phase considered to be
permanent (irreversible plastic deformation developed during the tidal range
situation), in which the embedment depth of the main wall (wall 1) does not offer
sufficient margin with respect to the passive earth pressure safety check rupture
mechanism. Elongation of wall 1 is therefore necessary.

[E] ECT checkings X

5. End of backfil and inking anchors 2 | 6: Dredaingto 5,00 | 7: Startup | 8 Tidal range situation] | S : Hydraulc equiibrium | |10 Mooring | 11 Berthing
| | S
© wall1 O wanz [ Pess. press. ” vegq || Kanz |
)

Passive earth pressure is considered on left side for this phase.

Checking safety against failure on the passive side of the wall

Mobilsed passive earth pressure:

Characteristic value: Btk = 794.59 kN/ml

Design value Bt = 1072 69 kitiml
2
Limting passive earth pressure: Bazema Q@
Characteristic value: Bk = 1426 3 kuimi
Design value. Bm.d = 1018.83 k/ml

Checks of safety against failure on the passive side of the wall are not ensured for this phase

e Vertical equilibrium: the verification of the vertical forces balance leads to a
downwards resultant for all the phases and for both walls. The maximum vertical
force to be taken up (at ULS) at the base of the wall is:

o Ryg=219 kN/ml for wall 1 — reached in phase 7 (start-up);
o Ryg =171 kN/ml for wall 2 — reached in phase 3 (elimination of berm).

[ 2. Bedded anchors I 3 : Earthworks to -1 l 4 : Backfil and linking anchors 1 l S5 : Backfill and linking anchors 2 I 6: Dredgmgtn-s” 7 : Start-up I| 8 : Tidal range situatiol

I @) wall 1 l Wall2 [Pass. press. ||

) s |

Vertical resultant force Pv of earth pressures along the wall: Py,d = 183.07 kN/ml

Vertical resultant force Tv of forces due to anchers linked to the wall: Tv,d = 0.00 kN/ml

Vertical resultant force Fv of linear loads applied to the wall: Fv.d = 0.00 kN/ml

Weight P of the wall P.d = 3572 kN/ml

ULS resultant of vertical forces: Rvd=Pd+Pvd+Fvd+Tvd=21679 kN/ml L’

provided bearing capacity

o ULS vertical force of 218.78 kN/ml to be transfered to the retaining wall bottom level (vertical equilibrium ensured
at bottom level has been checked and ensured).

e Kranz: the verification of the stability of the anchor block aims to validate the useful
lengths of the bedded anchors and the linking anchors. The result of the analysis
validates the useful length chosen for the bedded anchor of wall 2. The stability of the
anchor block is not however confirmed for wall 1 in phases 8 (tidal range) and 10
(mooring). This therefore requires a revision of the retaining structure design by
increasing the distance between the two walls (and thus the length of the linking
anchors).
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EC7 checkings x
[ 5 Backfil and iinking anchors 2 | & : Dredaing to -5 ] 7'Slart—uu|‘ & Tidal range situation |9 Hydraulic squilbrium I 10 : Wooring I 11 : Berthing -4
L
@) wall 1 ©) wallz [F‘ass.urass.” Vert. Eq I\ Kranz
stuation | NbOf  Blocks  z®) 2(8) =€) Aref Wit  PIH  PIV  P2H P2V RH RV Tdsbk
tes  nb[m] m o Im [l wm] o (RN/m o (kNAm] [Nm] (RNAmD [kNim]  [kNim CkNimi
1 2 2 1114 500 817 000 199880 62851 19349 72408 000 58232 180541 48674
2 2 2 11414 500 -10.00 0.00 204366 62851 19349 B19.08 000 76463 185017 5S74.06
[ R - T Tdsbk Trefk Tdsbd Tref,d Resuttat
A B~ [ktuimi) [ktu/mi) [kt [kt/mi} Satisfaisant
t 1
! W teRe) e 1 48674 42566 442 49 57464 Ko
' * 2 574.06 42566 52188 57464 Ko
|
1
'
'
1
Pug 1 B £ The anchor medium studied is at the right side of the wall
Piv - [ Q The stability of the anchoring block is not ensured for this phase. ]
1
Z2D) 1 "
4 §

D.5.3.4. Revision of structure design

The purpose of this paragraph is to present corrective actions required by the structure’s lack
of stability with respect to the following mechanisms:

e Rotational instability of wall 1 by passive earth pressure safety check;
¢ Instability of the anchor block associated with the sheet pile wall / back wall system.
For this, we propose the following:

e Increase in the embedment depth of the main wall by 25 cm: Open the “Retaining
wall” menu, select “Wall 1” and modify the level of the base to -13.25 instead of -
13.00;

Retaining wall b4
@ wall1 | (@ wal 2 -
[ circular wall [ Import model l [ Wizard ==
Wall top level: z0= 5.00 m
El W
[kMm=/mi]} [kN/m/mi]
18104 1.47

¢ Increase the distance between the two walls by 2 m: open the “Title and Options”
menu and change distance “d” to 14 m instead of 12 m.

Title and options x
Title | Project number Project type
Calculaton te: |Example S
Project number. | Exampe 50
units ‘
Unts system: © Metric, W, KU? © Metric, 4,
© wetric, un, e © rperl Simple wal Double wal
Definition of the project in Calculation options Double wall options
== e Number offerations per phase: 100
Distance between the two wals: 1400 | m
Additionnal checks Calculaion step: 020 m
Perform fhe LLS checks [E] Accounting for 2nd order moments.
[ommscnz &7 - 7] [o]
© Espaiol Valdate and Quit

Restart the calculation. The result obtained shows that the proposed adjustment this time
enables all the ULS verifications to be validated.
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