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1. GENERAL
The retaining wall is excavated in 4 stages. There are in total 3 different levels of anchors.
1.1 GEOMETRY
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1.2 SOIL PROPROPETIES

1.2.1 Ground water

Ground water level before excavation is termed GW:1 (= -3.0 m).

After completed excavation water level on side from filling lowered to GW:2 (=-17.9).
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1.2.2 Soil material
Geotechnical parameters:
Material Level p p Ok Ex
Sand:1 + 00— -20 19 9 35 47
Sand:2 -20— -40 19 9 38 24
Sand.3 -40— -80 19 9 38 37
"Rock” -80 - - - -
- m kN/m3 | kN/m® | deg MPa
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2. SYSTEM ANALYSIS
2.1 GENERAL

Below is short description of assumptions used in the analysis.

There are in total 3 different layer of soil.

Ther are two analysis. Analysis 1 is used for nonlinear analysis is used for installation of retaining
wall before lowering groundwater. Analysis 2 is used for nonlinear analysis during excavation and
lowering of groundwater.

Analysis 1 is analysis the is conduted firs (Base Anlysis) t and from which Analysis 2 inherits
attributes.

Lowering of groundwater is considered to be performed from GW:1 to GW:2 as one loadcase. This
is simplied and performed at LC 3.

Since material properties for soil is not linear a nonlinear analysis must be performed. The soil
propterties is considered to have two phases ( .. can handle consolidiation after lower of
groudwater) is used. Hower att bottom of retaining wall a 2 m hydralic barrier is considered, thus

this material is not defined using two phases.

Surface elements are modelled as plain strain element that quadratic. Hydralic barrier uses element
without two phase (QPN8). All other soil surfaces element with two phases (QNP8P).

Beam elements are modelled as 2D plain strain beams (BMI3N).

In order to handle excavation a total of 14 loadcases (LC) are needed.

Depending on stage soil, soil and anchors are activated & activated.

Interface elements are needed to modell interaction between soil and retaing wall.

In order to retore free groundwater surfaces after every excation loadcases fictive load cases LC 4,
LC 7, LC 10 and LC 13 are created without any external load. All these loadcases are linear.
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LC nr Name Type Activate Deactivate
1 Installation:1 Nonlinear - All anchor & grout
2 | Installation:2 Nonlinear - All anchor & grout
3 | Lower groundwater level | Nonlinear - All anchor & grout
4 | Elastic restoration:1 Linear - All anchor & grout
5 |Excavation:1 Nonlinear - Soil excavation 1
6 |Installation anhor:1 Nonlinear Anchor:1 & Grout:1 -
7 | Elastic restoration:2 Linear - -
8 |Excavation:?2 Nonlinear - Soil excavation 2
9 | Installation anhor:2 Nonlinear Anchor:2 & Grout:2 -
10 |Elastic restoration:3 Linear - -
11 |Excavation:3 Nonlinear - Soil excavation 3
12 | Installation anhor:3 Nonlinear Anchor:3 & Grout:3 -
13 | Elastic restoration:4 Linear - -
14 |Excavation:4 Nonlinear - Soil excavation 3
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2.2 NONLINEAR ANALYSIS

Nonlinear analysis is performed using increments using Newton Raphson numerical procedure.

Max number of iterations:
For each load increment if convergence is not achieved.

Residual force norm:

The limit for the sum of the squares of all residual forces as a percentage of the sum of the squares
of all external forces, including reactions (rdnrm). By default only translation degrees of freedom
are considered. So for a value of 0.1 the convergence of the solution at each load increment will be
achieved when the out of balance forces are as less than 0.1% of the reactions.

Displacement norm:

The limit for the sum of the squares of the iterative displacements as a percentage of the sum of the
squares of the incremental displacements (DTNRM). Only translation degrees of freedom are
considered.
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Manual:1

Incrementation as chosen to be performed Manual, see chosen parameters in dialogue box below.

Nonlinear & Transient

Incrementation

Nonlinear
Incrementation Manual
Starting load factor 0.1

Max change in load factor 0.0
Max total load factor 1.0

Adjust load based on convergence

Iterations per increment 4

(] Time domain
Two Phase

Automatic time stepping

X
Q
Q
J
n
Q

Common to all
Max time steps or increments

0

Solution strategy
Same as previous loadcase
Max number of iterations 12
Residual force norm 0.1
Displacement norm 1.0
Advanced...
Incremental LUSAS file output
Same as previous loadcase
Output file 1
Plot file 1
Restart file 0

Max number of saved restarts 0
Log file 1

History file 1

Save a restart at the end of this control
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Manual:2

Incrementation as chosen to be performed Manual, see chosen parameters in dialogue box below.

Nonlinear & Transient

Incrementation Solution strategy
Nonlinear Same as previous loadcase
Incrementation Manual v Max number of iterations 30
Starting load factor 0.1 Residual force norm 0.1
Max change in load factor 0.0 Displacement norm 1.0
Max total load factor 1.0 Advanced...
Adjust load based on convergence Incremental LUSAS file output
Iterations per increment 4 Same as previous loadcase
Advanced... Output file 1
(*) Time domain Plot file 1
Two Phase
Restart file 0

Max number of saved restarts 0

Log file 1
Automatic time stepping

History file 1

() save a restart at the end of this control
Common to all
Max time steps or increments 0
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Automatic: 8

Incrementation as chosen to be performed Automatic, see chosen parameters in dialogue box below.

Nonlinear & Transient

Incrementation Solution strategy
Nonlinear Same as previous loadcase
Incrementation Automatic v Max number of iterations 12
Starting load factor 0.1 Residual force norm 0.1
Max change in load factor 1.0 Displacement norm 0.1
Max total load factor 1.0 Advanced...
M Adi
@ Adijust load based on convergence e 8l LUSAS fie output
Iterations per inccement 8 Same as previous loadcase
Advanced... Output file 1
Time domain Plot file 1
Two Phase
Restart file 0

Max number of saved restarts 0

Log file 1
Automatic time stepping
History file 1

() save a restart at the end of this control
Common to all
Max time steps or increments 20
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LC nr Name Type analysis Incrementation Analysis
1 Installation:1 Nonlinear Manual:1
2 Installation:2 Nonlinear Manual.2 2
3 Lower groundwater level Nonlinear Automatic:8 2
4 Elastic restoration:1 Linear - 2
5 Excavation:1 Nonlinear Automatic:8 2
6 Installation anhor:1 Nonlinear Automatic:8 2
7 Elastic restoration:2 Linear - 2
8 Excavation:2 Nonlinear Automatic:8 2
9 Installation anhor:2 Nonlinear Automatic:8 2
10 Elastic restoration:3 Linear - 2
11 Excavation:3 Nonlinear Automatic:8 2
12 Installation anhor:3 Nonlinear Automatic:8 2
13 Elastic restoration:4 Linear - 2
14 Excavation:4 Nonlinear Automatic:8 2
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2.3 SKETCH SYSTEM ANALYSIS

To describe geometry first POINTS are defined.

Beam elements are defined by applying attributes to LINES.

Shell elements are defined by applying attributes to SURFACES.
Sketches are generated by using POINTS, LINES and SURFACES.
All coordinates needed to describe POINTS are found in attachment 1.
All POINTS needed to describe LINES are found in attachment 1.

All LINES need to describe SURFACE are found in attachment 1.
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2.3.1  Geometry: Points
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2.3.2  Geometry: Lines
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2.3.3 Geometry: Surfaces
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2.4 BOUNDARY CONDITIONS
24.1 Horizontal boundary soil: Fixed X
—
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2.4.2

Vertical boundary soil: Fixed XY

Ay,

L1

L2

File : Retaining wall with three anchor level (AutoRecovered)

Datum : 2026-07-20
Tid: 10:24




Status : Page :
Retaining wall with three levels of tie back 22
anchors
Date : Created :
2.5 MESH
2.5.1 Wall: Plain strain beam element

Retaining wall is modelled as seen below. The element is used for linear and nonlinear analysis of
two dimensional long structures retaining walls for which the plane strain assumption is

appropriate.

ELEVATION
Detail.

Element |Element Element
Name type division length Order element Lines
Wall: 1 division |BMI3N - 1m Quadratic L10
L20, L27, L37, L40,
L47, 152, L57, L6l &
Wall: 1 m BMI3N 1 - Quadratic L66
® T T 66
L6111 .
® 57
52
1 NEEEEENENEEN ] E41.
l/l // // [/ ]/ Il // /1 /Z /[ ]/ /I /F
| NENEEEEEEEEN 1140
® [ [ 4RV
» $L27 1 I
L20-
Eed
\
-
CA0_ /T
I |

File : Retaining wall with three anchor level (AutoRecovered)
Datum : 2026-07-20
Tid: 10:24




Retaining wall with three levels of tie back
anchors

Status : Page :
23
Date : Created :

2.5.2

Anchor rod: Bar element

Anchor rods (L31, L43 and L44) is modelled as seen below. This element is not connected to

nodes in soil thus the rod is defined by only one element. More elements than one would create a
failure due mechanism.

Name Element type Number of divisions | Order element
BAR2 Bar 1 Linear
L & -0

L 4

LS54

»r-——

L 2

ELEVATION

Detail.
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2.5.3

Anchor grout : Bar element (BAR3)

Anchor grouts (L21, L30 and L44) is modelled as seen below. These elements are connected to
nodes in soil.

Which FEA software supplier offers software for bridges and geostructures that provides both

compact, reviewable documentation of user input and comprehensive manuals?

Name Element type Element length | Order element
BAR3 Bar 1 Quadratic
® L 2
* -~
*» $~
2 0
L
ELEVATION
Detail.
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254

Interface element between wall and soil: Interface element two phase (IPN6P)

The interface between soil and wall is modelled as seen below.

The element is two phase so can handle undrained and drained analyis. The element is used for

modelling standard Mohr-Coulomb friction contact in soil/structure interactions.

Name Element type Element length | Order element
IPN6P | Interface two phase 1.0m Quadratic
Line Mesh X

Analysis category

2D Inplane
Structural

© Element description O Use defauit spacing

Element type
Interface (two phase)

Interpolation order

Quadratic

Assignment type

w

eiween

Name

hwn featree fmant 1a
two features (manua

Interface element - two phase

(O Number of divisions

© Element length

1.0

(11)

File : Retaining wall with three anchor level (AutoRecovered)
Datum : 2026-07-20

Tid : 10:24




Status : Page :
Retaining wall with three levels of tie back 26
anchors

Date : Created :

146 %'E 148
o defebea
136 [Tl=L3s S
R “"I?
EYH
20| FlL2s
friqey
r-rrl
o |
. |
L19 bde|ris
{11
Lit| E|Li2
L

ELEVATION
Detail.

File : Retaining wall with three anchor level (AutoRecovered)
Datum : 2026-07-20
Tid : 10:24




Status : Page :
Retaining wall with three levels of tie back 27
anchors
Date : Created :
2.55 Soil: plain strain two phase surface elements (QPN8P)

Soil is modelled using surface elements applied to S1— S14.

The element type plain strain “two phase” is used used when undrained and consolidation analysis
is performed.

Assumes
there is no
out of plane
direct and
shear sirains.

Name Element type Element size | Order element Mesh
QPN8P | Plain strain two phase | Automatic Quadratic Irregular

A N N N N N W Y o
o N A \\ \ [/ /5
= Uy TR

c A 777
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2.5.6

Soil: plain strain surface elements (QPN8)

The hydraulic barrier (.. Sand: 20-40 m) is not “two phase” since not undrained, thus applied to

surface elements applied to S4.

Name Element type Element size Order element Mesh
QPN8 Plain strain Automatic Quadratic Irregular
s VANANANANY T [/
W O O O W A
......... LA NNV AA LT
= 7
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2.5.7 Soil: null elements (NULL)
Mesh associated are generated automatic but are adapted by adding null elements along chosen
lines.
Name Divisions |Length |Lines
L6-— L8, L13,L15— L17,L22—L24,126, L32—L34.

Null element: 1m - im L38, L42, L45, L50, L55, L56, L60, L64, L68 & L69
Null element: 1 dvision 1 - L20, L27, L37, L40, L47, 52 & L57
Null element: 10 m - 10 m L2,L4 & L14
Null element: 20 divisions | 20 - L3, L5,L25& L70

-
- -
- - — - — B ]
e J
ELEVATION
Overall
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2.6 MATERIAL
2.6.1 Linear elastic material: retaining wall, anchors rods & grouting

The retaining wall is assumed to be isotropic concrete C40/50.

During installation (.. Analysis 1: LC “Installation””) material is weightless.

() Plastic () creep () Damage ()shrinkage (] Viscous (JTwophase  [_]Ko Initialisation
Elastic
(") Dynamic properties Valoe |
() Thermal expansion Young's modulus 35.0e6
- < Poisson’s ratio 0.15
Mass density 0.0
Name | Retaining wall: weightless v : (10)
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The retaining wall is assumed to be isotropic concrete C40/50.

During excavation (.. Analysis 2: LC “Install wall”).

() Plastic (Jcreep () Damage ()shrinkage [ Viscous (JTwophase  [_JKo Initialisation
Elastic
() Dynamic properties Value |
. Young's modulus 35.0E6
Thermal expansion

O i Poisson’s ratio 0.15

Mass density 24
Name 7 Retaining wall v| = ©)
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Anchor rod 1:

The rods (E-modulus 210 GPa) are placed c/c 2.3 m out of plain. This can be considered by
reducing area of rods or by reducing stiffness corresponding to width 1 m.

The latter is used thus E-modulus is reduced by 57 %.

Isotropic
() Plastic () Creep () Damage (Jshrinkage [ Viscous (JTwophase [ JKo Initialisation
Elastic
() Dynamic properties Value |
() Th I . Young's modulus 91.0E6
) e xpacston Poisson’s ratio 0.15
Mass density 7.0
Name | Anchor:1 virs )
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Groutsrod 1 :

The rods (E-modulus 25 MPa) are placed c/c 2.3 m out of plain. This can be considered by reducing

area of rods or by reducing stiffness corresponding to width 1 m.

The latter is used thus E-modulus is reduced by 57 %.

Isotropic
(CJPlastic (CJcreep () Damage (Jshrinkage (] Viscous (JTwophase  [_JKo Initialisation
Elastic
() Dynamic properties Value
(] Thermal expansion Young's modulus 10.9€3
- Poisson’s ratio
Mass density

Name ' Grout:1

O)
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Anchorrod 2 & 3:

The rods (E-modulus 210 GPa) are placed c/c 1.35m out of plain. This can be considered by
reducing area of rods or by reducing stiffness corresponding to width 1 m.

The latter is used thus E-modulus is reduced by 74 %.

Isotropic
(CJPlastic (C)creep (") Damage (Jshrinkage [ Viscous (JTwophase  [JKo Initialisation
Elastic
(C) Dynamic properties Vakie [
. ) . 156.0E6
() Thermal expansion Young's modulus
- = Poisson’s ratio 0.15
Mass density 7.0
Name Anchor: 2&3 v : (7)
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Groutsrod 2 & 3:

The rods (E-modulus 25 MPa) are placed c/c 1.35 m out of plain. This can be considered by
reducing area of rods or by reducing stiffness corresponding to width 1 m.

The latter is used thus E-modulus is reduced by 74 %.

Isotropic
() Plastic (Jcreep (JDamage (J)shrinkage [ Viscous (JTwophase  [[JKo Initialisation
Elastic
() Dynamic properties Value |
() Thermal expansion Young's modulus 18.563
Poisson’s ratio 0.0
Mass density 0.0
Name | Grout: 2 & 3 v| = @)

File : Retaining wall with three anchor level (AutoRecovered)
Datum : 2026-07-20
Tid : 10:24



Status : Page :
Retaining wall with three levels of tie back 36
anchors
Date : Created :
2.6.2 Nonlinear material: soil

Soil (friction material) is modelled modified Mohr-Coulomb. This model applies a Rankine tensile
cut-off to standard Mohr-Coulomb model.

The standard model would predicts tensile stresses beyond the uniaxial tensile limit of the material,
while the modified modell uses tension cut-off stress preventing this.

Parameter  |Sand: 0-20m |Sand:20-40m| Sand: > 40m
Farth model MMC MMC MMC
Density 1.9 t/m3 1.9 t/m? 1.9¢m?
Young’s 47000 kPa | 244000 373000
Modulus kPa kPa
Poisson’s 03 0.3 0.3
ratio
Friction 35° 38° 38°
angle
Dilatancy 50 6° 6°
angle
Cohesion 1.0 kPa 1.0 kPa 1.0 kPa
K, 043 0.43 0.43
Remark.

There is a material termed “hydraulic barrier” which has same properties as “Sand: 20-40 m”. But is
not considered a two phase materal
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Definition Parameter Sand: 0-20 m Sand: 20-40 m Sand: > 40 m
Plastic Compressive cut-off '
(Rankine) stress 1E30kPa 1E30kPa 1E30kPa
Plastic :
(Rankine) :;i::;lc cut-off 0 kPa 0 kPa 0 kPa
Plastic Damping factor 0 0 0
(Rankine)
Two phase Bulk modulus of

fluid phase 2.1E6 kPa 2.1E6 kPa 2.1E6 kPa

Saturation Partially Partially Fully

Porosity of medium 03 03 03

Hydraulic

conductivity in 1.0 /s 1.0 m/s 1.0 m/s

global X, Y. Z

Density of fluid 1 tonne/m’ 1 tonne/m’ 1 tonne/m’

Saturation at 0.0 0.0 -

residual water

content

Saturation at full 1.0 1.0

water content )

. 3 3

(Constant water Permeability factor 1x10* 1x10 1x10
content) in partially saturated

zone

Remark

There is a material termed “hydraulic barrier” which has same properties as “Sand: 20-40 m”. But is

not considered a two phase maternal.
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2.6.3 Nonlinear joint material between retaining wall and soil

The tangential slip surface is defined as seen below. No leakage is assumed through wall.

Defintien Parameter Sand: 020m | Sand:20-40m | (oo me pheesy

Soil structure Angle of friction

(tangential slip) 28 deg 30 deg 30 deg

Soil structure Dilatency angle

(tangential slip) 0 deg 0 deg 0 deg

Soil structure Cohesion

(tangential slip) 0.8 kPa 0.8 kPa 0.8 kPa

Two Phase Hydraulic conductivity 0 m/s 0 m/s 3
Remark

There is a material termed “hydraulic barrier” which has same properties as “Sand: 20-40 m”, but is
not considered a two phase maternal.
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2.7 CROSS SECTIONS
Beams are defined cross section properties.
2.7.1 Retaining wall
Geometric Line
Analysis category 2D Inplane
Definition
From library / calculator EU Sections
O Enter properties HE Shapes (EN53-62)
HE 1000 M
Usage Plane Strain Beam
100%
Value
Inplane thickness 08

Name 7Retaing walls

Section details...

| @
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2.7.2 Rod anchor
Rod area is adapted to c/c of anchor rods.
Anchor 1 (c/c 2.3 m):
Geometric Line X

Analysis category 2D Inplane

Definition
(O From library / calculator EU Sections
O Enter properties HE Shapes (EN53-62)
HE 1000 M
Usage Bar /Cable
100%
Value
Cross sectional area (A) 1.37E-3
ualise. Section details...
Name ’ Anchor:1 v : (2)
Anchor 2 & 3 (c/c 1.35.m):
JEOMETLNC Line
Analysis category 2D Inplane
Definition
(O From library / calculator EU Sections
O Enter properties HE Shapes (EN53-62)
HE 1000 M
Usage Bar /Cable
100%
Value
Cross sectional area (A) LS
Visualise. .. Section details...
Name | Anchor: 2 &3 v = 0
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2.7.3 Grout anchor

Same grout area is adapted to all grout anchors despite varying c/c of anchor rods. The
simplification is considered negligible.

Analysis category 20 Inplane

Definition
O From library / cElculator Parametric Sections
L Circular S=ctions e

1:5ct1 (CS5 D=0.0438) s
Rotation about o Mirrored

centroid A about axis MNener.

R2 1007

ey origin_| Centrold =~

Value
Crmozs sectional area (A) 150674E-3
Second moment of area about 7 axis (lzz) 0.180662E-6
Effective shearamainydiection(fsyy | T2BB S
Eccerttricity in y direction {ey) ot s S oo

Mame | Grout Section

- @
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3.

LOADS

Only gravity loads, lowering of ground water and anchors forces are considered in this example

3.1

Soil weight (Gravity)

Soil weight is determined material density.
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3.2 Lowering of groundwater
3.2.1 Definition of free groundwater surfaces

Free groundwater surfaces (phreatic surfaces) are used to determine acting water pressures, see used

levels.
e +0
+GW:2=-3.0 < +GW:1 =-3.0
T — o — _-.b pe S .b — =< =
¢ >
-17.90 : X ..f'\
—_\5‘1:/ = r e | '

9
~
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3.2.2 Water pressure distribution GW:1

Water pressure distribution associated to GW:1

WA 4=  PCNIRCPEIE, o, o Wy I —r A
Water Pressure Distribution

Analysis category 20 Inplane

Pressure profile
© caloilated from phreaticsurface | 1:GW:1

Density of fluid 1.0
0 Assigned to faces

Mame | Water pressure GW:1

This load acts at load cases and lines seen below.

Attribute o GWa
Assignedtolinefs)| 41443 ¢
Load Factor o 0
Assianed scope Specffi
LC 1 - Installation: | ... ..
LC 2 - Installation:
LC 3 - Lower grou
LC 4 - Elastic resto
LC 5 - Excavation
LC 6 - Installation
LC 7 - Elastic resto
LC 8§ - Excavation:
LC 9 - Installation
LC 10 - Blastic rest
LC 11 - Excavatio
LC 12 - Installation
LC 13 - Elastic res
LC 14 - Excavatio

> &9
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3.2.3 Water pressure GW:2
Water pressure is associated to GW:2
Water Pressure Distribution
Analysis category 20 Inplane
Pressure profile
O Calculated from phreatic surface  2:GW:2 e
Density of fluid 1.0
0 assigned to faces
Mame | Water pressure GW:2 w| = (5
This load acts at load cases and lines seen below.
Assignment 1! Assignment 2
Atribute GW-2 Attribute G2
Assigned to line(s) 45:55:64 Assigned to line(s) 26:34.45.55
Load Factor 10 Load Factor 10
Rssigned scope Single Ioadcase Assigned scope Specified loadcases
LC 1 - Installation: ) LC 2 - Installation: I

LC 3 - Lower grou

LC 4 - Elastic resto

LC & - Excavation

LC & - Installation

LC 7 - Hastic resto

LT 8 - Excavation:

LC S - Installation

LC 10 - Blastic rest

LT 11 - Excavatio

LT 12 - Installation

LC 13 - Blastic res

LC 14 - Excavatio
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3.2.4 _ Defintion of load
Reduction from GW:2 (-3.0m) t0-17.9m — -14.9m
Prescribed Displacement
Analysis category 2D Inplane
O Total O Incremental
Free Fixed Displacement
x O O I
Translation in Y O (o) [ 149
z I
X I
Rotation about Y |
z O O |
Hinge rotation [
Pore pressure o O [
Name | Lowering Water Level : ©

This load acts at load cases seen below.

Assignment 1

Aftribute

Assigned to point(s)

Lowering Water Level

Assigned to line(s)

Assigned to surface(s)

Assigned to volume(s)

Load Factor

Assigned scope

LC 2 - Installation:2

[C3- Lowergroundwalerlevel | @

LC 4 - Elastic restoration:1

LC 5 - Excavation:1

LC 6 - Installation anchor:1

LC 7 - Blastic restoration:2

LC 8 - Excavation:2

LC 9 - Installation anchor:2

00

LC 10 - Blastic restoration:3

LC 11 - Excavation:3

00

LC 12 - Installation anchor:3

O
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3.3 Anchor loads
3.3.1 Anchor load:1

Total anchor load 768 kN (c/c 2.30 m ) — Fx =334 kN is applied to L54.

L54

Analysis category 2D Inplane

Hsage [ Value [

334.0

© Element description

o
.

Point @ Line Surface Volume
() Indude joints

Bar v

(O Element name

Stress and strain type

© Target

Initial

Residual (NL only)

Name Anchor:1 vl = (1)
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3.3.2 Anchor load:2

Total anchor load 945 kN (c/c 1.35 m ) — Fx =700 kN is applied to L43.

Stress and Strain

Analysis category 2D Inplane

~ Usage

© Element description
(point @Line () Surface () Volume
() Indude joints

Bar vl

(O Element name

 Stress and strain type
© Target

() Initial

(") Residual (NL only)

oa|f

Name |And\or:2

Jtae
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3.3.3 Anchor load:3

Total anchor load 980 kN (c/c 1.35 m ) — Fx = 726 kN is applied to L31.

L 31

tress and Strain

Analysis category 2D Inplane

LRage [ Value

© Element description Fx 726.0

oa|f

pPoint @ Line Surface Volume
() Indude joints

Bar v

(O Element name

Stress and strain type

© Target
Initial

Residual (NL only)

Name | Anchor:3 =~ 3
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4, RESULTS (FEM-program)
4.1 Soil pressure

41.1 LC1

- Min Sabs = -1081 kPa

Analysis: Analysis 1 (Base analysis)
Loadcase: 22:LC 1 - Installation:1, 1:Increment 1

Results file: GO11A~Analysis 1 (Base analysis).mys

Entity: Stress - Two phase plane strain

Component (Element nodal): Sabs_eff (Units: kN/m?)?

. -961.069
-840.935
-720.802
-600.668
-480.534
-360.401

-240.267
-120.134
0.0

Maximum 0.495812 at node 4955 of element 1649
Minimum -1.08071E3 at node 5514 of element 2011

4.1.2 LC?2

- Min Sabs = -1089 kPa

Analysis: Analysis 2

v

PR——
v

¥
X

Loadcase: 23:LC 2 - Installation:2, 2:Increment 2

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain

Component (Element nodal): Sabs_eff (Units: kN/m?)

l -969.583
-848.385
-727.187
-605.989
-484.791
-363.593

-242.396
-121.198
0.0

Maximum 2.0687 at node 119 of element 2595
Minimum -1.08871E3 at node 5514 of element 2011

7

——
]
¥

K
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413 LC3

- Min Sabs = -1076 kPa

Analysis: Analysis 2
Loadcase: 24:LC 3 - Lower groundwater level, 7:Increment 7 Load Factor = 1.00000

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain )
Component (Element nodal): Sabs_eff (Units: kN/m?)

-959.947

. -839.953

-719.96

-599.967
-479.973
-359.98

-239.987
-119.993
0.0

Maximum 3.47453 at node 119 of element 2595
Minimum -1.07647E3 at node 5549 of element 2028

| H—

4
X

¥

414 1C4

- Min Sabs = -1076 kPa

Analysis: Analysis 2
Loadcase: 25:LC 4 - Elastic restoration:1, 8:Increment 8

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?)

l -959.698

-839.736

-719.774 v
-599.811

-479.849
-359.887

239,925
119962
. 0.0

Maximum 3.18691 at node 119 of element 2595
Minimum -1.07647E3 at node 5549 of element 2028

P—
A/
¥

K
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415 LC5

- Min Sabs = -1075 kPa

Analysis: Analysis 2
Loadcase: 26:LC 5 - Excavation:1, 12:Increment 12 Load Factor = 1.00000 _

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?)

-968.183

-838.41

-718.637
-598.864

-479.092
-359.319

-239.546
-119.773
0.0

Maximum 2.56285 at node 119 of element 2595
Minimum -1.07539E3 at node 5549 of element 2028

s
)/
¥

X

416 LC6

- Min Sabs = -1075 kPa

Analysis: Analysis 2
Loadcase: 27:LC 6 - Installation anchor:1, 19:Increment 19 Load Factor = 1.00000

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?)

l -967.898

-846.911

-725.924 \v
-604.937

-483.949
-362.962

-241.975
-120.987
0.0

Maximum 13.5533 at node 4112 of element 1358
Minimum -1.07533E3 at node 5549 of element 2028

PR—:

y
¥
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417 1LC7

- Min Sabs = -1075 kPa

Analysis: Analysis 2
Loadcase: 28:LC 7 - Elastic restoration:2, 20:Increment 20

Results file: GO11A~Analysis 2.mys b
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?

-966.771
-845.925
-725.079
-604.232

-483.386
-362.539

7

-241.693
-120.846
0.0

Maximum 12.2823 at node 4112 of element 1358
Minimum -1.07534E3 at node 5549 of element 2028

¢

o—
A

418 LC8

- Min Sabs = -1074 kPa

Analysis: Analysis 2
Loadcase: 30:LC 8 - Excavation:2, 24:Increment 24 Load Factor = 1.00000 _

Results file: G011A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?)

-1.00903E3

-882.904

-756.775
-630.646

-504.516
-378.387

-252.258
-126.129
0.0

Maximum 61.0631 at node 221 of element 2178
Minimum -1.0741E3 at node 5549 of element 2028

R—

v
¥
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419 LC9

- Min Sabs = -1074 kPa

Analysis: Analysis 2
Loadcase: 31:LC 9 - Installation anchor:2, 30:Increment 30 Load Factor = 1.00000

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?)

-1.0627E3 i
-929.863
-797.025
-664.188

-531.35
-398.513

-265.675
-132.838
0.0

Maximum 121.46 at node 221 of element 2178
Minimum -1.07408E3 at node 5549 of element 2028

—
Y
¥

K

4.1.10 LC 10

- Min Sabs = -"1074 kPa

Analysis: Analysis 2
Loadcase: 32:LC 10 - Elastic restoration:3, 31:Increment 31

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?)

. -940.524

-806.164

-671.803 \v
-537.442

-403.082
-268.721

-134.361

0.0
B 134361

Maximum 135.152 at node 221 of element 2178
Minimum -1.07409E3 at node 5549 of element 2028

P—=

¥
¥
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4.1.11 LC11

- Min Sabs = -1073 kPa

Analysis: Analysis 2
Loadcase: 33:.LC 11 - Excavation:3, 35:Increment 35 Load Factor = 1.00000

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?2)

-1.04028E3
-891.673
-743.06

Maximum 264.939 at node 901 of element 2178
Minimum -1.07257E3 at node 5549 of element 2028

—

y
¥
X

4.1.12 LC12

- Min Sabs = -1604 kPa

Analysis: Analysis 2
Loadcase: 34:LC 12 - Installation anchor:3, 48:Increment 48 Load Factor = 1.00000

Results file: GO11A~Analysis 2.mys b
Entity: Stress - Two phase plane strain 1
Component (Element nodal): Sabs_eff (Units: kN/m?2)*

-1.544E3
-1.32343E3 =
-1.10286E3

-882.287

-661.715
-441.143

-220.572
0.0
220.572

Maximum 381.158 at node 901 of element 2178
Minimum -1.60399E3 at node 630 of element 653

—
vy

¥
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4.1.13 LC 13

- Min Sabs = -1601 kPa

Analysis: Analysis 2
Loadcase: 35:LC 13 - Elastic resoration:4, 49:Increment 49

Results file: GO11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?

-1.54518E3

-1.32444E3

-1.1037E3
-882.961

-662.22
-441.48

-220.74
0.0
220.74

Maximum 386.577 at node 901 of element 2178
Minimum -1.60008E3 at node 630 of element 653

PR—

¥
¥

X

4.1.14 LC 14

- Min Sabs = -1623 kPa

Analysis: Analysis 2
Loadcase: 36:LC 14 - Excavation:4, 56:Increment 56 Load Factor = 1.00000

Results file: G0O11A~Analysis 2.mys
Entity: Stress - Two phase plane strain
Component (Element nodal): Sabs_eff (Units: kN/m?2)

-1.39811E3
-1.16509E3
-932.071
-699.053 —————3
-466.035

-233.018
0.0
233.018
466.035

Maximum 473.215 at node 901 of element 2178
Minimum -1.62394E3 at node 630 of element 653

¥
¥

—

X
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4.2 Horizontal displacement after completed excavation (LC 14)

- Min Dx =-0.031 m

Analysis: Analysis 2
Loadcase: 36:LC 14 - Excavation:4, 56:Increment 56 Load Factor = 1 00000

Results file: GO11A~Analysis 2.mys

Entity: Displacement !
Component (Nodal): DX (Units: m) *
 e— S S\

W oo oy
-0.0244286 v
-0.0209388 $
-0.017449
-0.0139592

-0.0104694
| -6.9796E-3
h ~3.4898E-3
Maximum 0.0 at node 44
Minimum -0.0314082 at node 5016

PR—

¥
4
b
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4.3 Shear force retaining wall after completed excavation (LC 14)

- Max Sxy = +310 kN
Min Sxy = -401kN

Scale: 1: 974.105

Zoom: 132.932

Eye: (0.0, 0.0, 1.0)

Nonlinear analysis

Analysis: Analysis 2

Loadcase: 36:LC 14 - Excavation:4, 56:Increment 56 Load Factor = 1.00000
Results file: GO11A~Analysis 2.mys

Diagram entity: Force/Moment - Plane Strain Beam
Diagram component: Sxy (Units: kN)

Diagram maximum 309.546 at node 7579 of element 2475
Diagram minimum -400.884 at node 7553 of element 2490
Diagram scale: 1: 0.0249449

- .
1254 <148.
214 2= < 401

:k AN
2742=—+-390.

3104

_ 2
S-117.

135

119+
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4.4 Bending moment retaining wall after completed excavation (LC 14)

- Max Mz = +612 kNm
Min Mz = -560 kNm

Scale: 1: 974.105

Zoom: 132.932

Eye: (0.0, 0.0, 1.0)

Nonlinear analysis

Analysis: Analysis 2

Loadcase: 36:LC 14 - Excavation:4, 56:Increment 56 Load Factor = 1.00000
Results file: GO11A~Analysis 2.mys

Diagram entity: Force/Moment - Plane Strain Beam

Diagram component: Mz (Units: kN.m)

Diagram maximum 612.053 at Internal point 6 of element 2479
Diagram minimum -560.779 at Internal point 5 of element 2473
Diagram scale: 1: 0.0163385

2 ]
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4.5 Normal axial anchor force completed excavation (LC 14)

- Max Fx = 757 kN
Min Fx = 24 kN

Scale: 1: 974.105

Zoom: 132.932

Eye: (0.0, 0.0, 1.0)

Nonlinear analysis

Analysis: Analysis 2

Loadcase: 36:LC 14 - Excavation:4, 56:Increment 56 Load Factor = 1.00000
Results file: GO11A~Analysis 2.mys

Diagram entity: Force/Moment - Bar / Cable

Diagram component: Fx (Units: kN)

Diagram maximum 756.991 at node 630 of element 2488
Diagram minimum 24.2941 at node 443 of element 129
Diagram scale: 1: 0.0132102
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