Dry excavation using a tie back wall -
ULS [ADV]

8.1 Introduction

In this tutorial an Ultimate Limit State (ULS) calculation will be defined and performed for the dry

excavation using a tie back wall (7 Dry excavation using a tie back wall [ADV] (p. 121)). The same
geometry model will be used. The Design approaches feature is introduced in this example. This
feature allows for the use of partial factors for loads and model parameters after a serviceability

calculation has already been performed.
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8.2 | Define the geometry

In order to define a design approach:

@ Open the project created in 7 Dry excavation using a tie back wall [ADV] (p. 121) and save it

O
®
O

under a different name.

Select the menu Soil > Design approaches or Structures > Design approaches.

The corresponding window is displayed .
Click the Add button.

A new design approach is added in the list .

In this example the design approach 3 of the Eurocode 7 will be used. This design
approach involves partial factors for loads and partial factors for materials (strength). Click
the design approach in the list and specify a representative name (ex: 'Eurocode 7 - DA 3').

<] Design approaches

Identification
Eurocode - 7 [DesignApproach_1]

Loads  Materials

Description

Permanent unfavourable
Permanent favourable

Variable unfavourable

o

Variable favourable

Factor
Mot set

Mot set
1.3000
Mot set

- O X

Add
Delete

Copy

Importfexpart

Add

Delete

QK

Figure 8-1: Partial factors for loads
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Identification Add
Eurocode 7-DA 3 [DesignApproach_1]
Delete
Copy
Import/export
Loads Materials
Description Factor Add
1 Weight Not set
2 Effective strength (¢’ and phi) 1.250 Delete
3 Undrained strength (s_u) Not set
Materials...
oK

Figure 8-2: Partial factors for materials

In the lower part of the window the partial factors can be defined for loads and materials as
shown in Figure 8-1 (p. 139). Set the partial factor for Variable unfavourable to 1.3.

Click the Materials tab.

Assign a value of 1.25 to Effective strength (c' and phi') as shown in Figure 8-2 (p. 140).

Click the Materials... button. The Material sets window pops up.

Open the Loam material data set. Note that the view has changed. In the current view it is
possible to assign factors to different soil parameters, as well as to see the effect of these
factors on the soil parameters.

Click the Mechanical tab. In the Mechanical tabsheet select the Label > Effective
strength (c' and phi') [MaterialFactorLabel_2] from the drop down list for c',f and @'

respectively. The new values will be updated for the strength parameters as shown in
Figure 8-3 (p. 141).

Repeat the step for the remaining soil data sets.

Close the Design approaches window.
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General Mechanical Groundwater Thermal Interfaces Initial

Eurocode 7 - DA 3 [DesignApp ¥

Property Unit Value Label Design value
Stiffness.
Egp'® kN/m? 12.00E3 (None) M 12.0023
Eoed™ kNjmz 8000 (None) - 8000
2 kNjm? 36.00E3 (None) - 36.00E3
Ve 0.2000
Alternatives
Use alternatives O
i 0.5000
Stress-dependency
power (m) 0.8000
Pref Kfm? 100.0
Strength
Shear
€ of kN/m? 5.000 Effective strength (¢ and phi) ~ 4,000
@' (phi) d 29.00 Effective strength (¢ and phi) ~ 23.91
v (psi) e 0.000 (None) v 0.000

Depth-dependency
o kN/m2/m 0.000 Effective strength (¢’ and phi) ~ 0.000
You m 0.000

Dilatancy cut-off

Next oK Cancel

Figure 8-3: Mechanical tabsheet for Loam showing effective
strength parameter after assigning partial factors for material

© Note:
Note that a partial factor for ¢' and  applies to the tangent of @' and Y respectively.

8.3 | Define and perform the calculation

There are two main schemes to perform design calculations in relation to serviceability
calculations (see Design approaches in the Reference Manual). The first approach is used in this
tutorial.

8.3.1 Changes to all phases
@ Proceed to the Staged construction mode.
@ In the Phases explorer click the phase Phase_l.

@ Add a new phase.
@ Double-click the newly added phase to open the Phases window.

In the General subtree of the Phases window select the defined design approach in the
corresponding drop-down menu.
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@ In the Model explorer expand the Line loads and all the subtrees under it.

Select the Variable unfavourable option in the LoadFactorLabel drop-down menu of the
static component of the load.

Model explorer (Phase_7)
+}- Attributes library
+ Ci_:@ Geometry
+ CED Groups
+ Ci_: Plates
- @ ] Mode-to-node anchors
- (] Embedded beam rows
+- @) [¥] Interfaces
= Ci_: Line loads
=t @y [¥] LineLoad_1
= @ [¥] LineLoad_1_1
Distribution: Uniform
Oy, mar reft 0.000 kN/m/m
I -10.00 kMfm/m
19 ceart g |t 10,00 kNJfm/m
-} LoadFactorLabel: LoadFactorLabel _3
Identification: Variable unfavourable
LoadFactor: 1.300
0.000 kM/m/fm
0.y, start, design’ -13.00 kM/m/m
19 st design [t 13,00 kN/m/m
+- @[] DynLineLoad_1_1
- ) [ Groundwater flow BCs
+ Ci_: Soils
+- @) W] Model conditions

Ox,sta rt,0esig nt

Figure 8-4: Assignment of factor label to loads in the Selection explorer

e Follow the same steps to define ULS phases for all the remaining SLS phases. Make sure
that the Phase 7 starts from Phase 1, Phase 8 from Phase 2, Phase 9 from Phase 3 and so
on.

8.3.2 | Execute the calculation

@ Click the Select points for curves button ™« "in the side toolbar.

Select some characteristic points for curves (for example the connection points of the
ground anchors on the diaphragm wall, such as (40 27) and (40 23)).

@ Click the Calculate button to calculate the project.

@ After the calculation has finished, save the project by clicking the Save button .
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8.4  Results

The results obtained for the design approach phases can be evaluated in Output. Figure 8-5 (p.

143) displays the ZMstage - |u| plot for the node located at (40.0 27.0).
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Figure 8-5: ZMstage - |u| plot for the ULS phases

0.0600

If the ULS calculations have successfully finished, the model complies with the corresponding
design approach. If there are doubts about this due to excessive deformations, an additional
Safety calculation may be considered using the same design approach, which should then
result in a stable ZMg; value larger than 1.0. Note that if partial factors have been used it is not

necessary that Mg also includes a safety margin. Hence, in this case XMg; just larger that 1.0 is

enough.

Figure 8-6 (p. 144) displays the ZMsf - |u| plot for the Safety calculations of the Phase 6 and

the corresponding ULS phase (Phase 12). It can be concluded that the situation complies with
the design requirements.
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Figure 8-6: ZMsf - |u| plot for the last calculation phase and the corresponding ULS phase

8 Dry excavation using a tie back wall - ULS [ADV] | 144



	Title Page
	Table of Contents
	Introduction
	1 Settlement of a circular footing on sand
	1.1 Introduction
	1.2 Geometry
	1.3 Case A: Rigid footing
	1.3.1 Create a new project
	1.3.2 Define the soil stratigraphy
	1.3.3 Create and assign material data sets
	1.3.4 Define the footing
	1.3.5 Generate the mesh
	1.3.6 Define and perform the calculation
	1.3.6.1 Initial phase
	1.3.6.2 Phase 1: Footing
	1.3.6.3 Execute the calculation
	1.3.6.4 View the calculation results


	1.4 Case B: Flexible footing
	1.4.1 Modify the geometry
	1.4.2 Add material properties for the footing
	1.4.3 Generate the mesh
	1.4.4 Calculations
	1.4.5 View the calculation results
	1.4.6 Generate a load-displacement curve


	2 Drained and undrained stability of an embankment
	2.1 Introduction
	2.2 Geometry
	2.3 Create new project
	2.4 Define the soil stratigraphy
	2.5 Create and assign material data sets
	2.6 Create the embankment
	2.7 Generate the mesh
	2.8 Define and perform the calculation
	2.8.1 Initial phase: Initial conditions
	2.8.2 Phase 1: Embankment construction on drained subsoil
	2.8.3 Phase 2: Embankment construction on undrained subsoil
	2.8.4 Calculate

	2.9 Results
	2.10 Safety analysis
	2.10.1 Evaluation of safety analysis results


	3 Submerged construction of an excavation
	3.1 Introduction
	3.2 Geometry
	3.3 Create new project
	3.4 Define the soil stratigraphy
	3.5 Create and assign material data sets
	3.6 Define the structural elements
	3.6.1 Define the diaphragm wall
	3.6.2 Define the interfaces
	3.6.3 Define the excavation levels
	3.6.4 Define the strut
	3.6.5 Define the distributed load

	3.7 Generate the mesh
	3.8 Define and perform the calculation
	3.8.1 Initial phase
	3.8.2 Phase 1: External load
	3.8.3 Phase 2: First excavation stage
	3.8.4 Phase 3: Installation of a strut
	3.8.5 Phase 4: Second (submerged) excavation stage
	3.8.6 Phase 5: Third excavation stage
	3.8.7 Execute the calculation

	3.9 View the calculation results
	3.9.1 Displacements and stresses
	3.9.2 Shear forces and bending moments


	4 Stabilisation of a rock slope
	4.1 Introduction
	4.2 Geometry
	4.3 Create a new project
	4.4 Create and assign material data sets
	4.4.1 Define the rock mass stratigraphy

	4.5 Define the structural elements
	4.5.1 Define the fault
	4.5.2 Define the excavation of the road cut
	4.5.3 Define the cables
	4.5.4 Define the retaining wall and backfill

	4.6 Generate the mesh
	4.7 Define and perform the calculation
	4.7.1 Initial phase: Initial conditions
	4.7.2 Phase 1: First excavation stage
	4.7.3 Phase 2: Installation of the first two rows of cables
	4.7.4 Phase 3: Second excavation stage
	4.7.5 Phase 4: Installation of the third cable
	4.7.6 Phase 5: Construction of the retaining wall
	4.7.7 Phase 6: Backfilling
	4.7.8 Phase 7 and Phase 8: Safety analysis

	4.8 Calculate
	4.9 Results
	4.9.1 Evaluation of results
	4.9.2 Evaluation of safety analysis results


	5 Settlements due to tunnel construction [GSE]
	5.1 Introduction
	5.2 Geometry
	5.3 Create new project
	5.4 Define the soil stratigraphy
	5.4.1 Create and assign material data sets

	5.5 Define the structural elements
	5.5.1 Define the tunnel
	5.5.2 Define building

	5.6 Generate the mesh
	5.7 Define and perform the calculation
	5.7.1 Initial phase
	5.7.2 Phase 1: Building
	5.7.3 Phase 2: TBM
	5.7.4 Phase 3: TBM conicity
	5.7.5 Phase 4: Tail void grouting
	5.7.6 Phase 5: Lining installation
	5.7.7 Execute the calculation

	5.8 Results

	6 Excavation of an NATM tunnel [GSE]
	6.1 Introduction
	6.2 Geometry
	6.3 Create a new project
	6.4 Define the soil stratigraphy
	6.5 Create and assign material data sets
	6.6 Define the tunnel
	6.7 Generate the mesh
	6.8 Define and perform the calculation
	6.8.1 Initial phase
	6.8.2 Phase 1: First tunnel excavation (deconfinement)
	6.8.3 Phase 2: First (temporary) lining
	6.8.4 Phase 3: Second tunnel excavation (deconfinement)
	6.8.5 Phase 4: Second (final) lining
	6.8.6 Execute the calculation

	6.9 Results

	7 Dry excavation using a tie back wall [ADV]
	7.1 Introduction
	7.2 Geometry
	7.3 Create new project
	7.4 Define the soil stratigraphy
	7.5 Create and assign material data sets
	7.6 Define the structural elements
	7.6.1 To define the diaphragm wall and interfaces:
	7.6.2 Definition of excavation levels
	7.6.3 Defining the ground anchor
	7.6.4 Defintition of distributed load

	7.7 Generate the mesh
	7.8 Define and perform the calculation
	7.8.1 Initial phase
	7.8.2 Phase 1: Activation of wall and load
	7.8.3 Phase 2: First excavation
	7.8.4 Phase 3: First anchor row
	7.8.5 Phase 4: Second excavation
	7.8.6 Phase 5: Second anchor row
	7.8.7 Phase 6: Final excavation
	7.8.8 Execute the calculation

	7.9 Results

	8 Dry excavation using a tie back wall - ULS [ADV]
	8.1 Introduction
	8.2 Define the geometry
	8.3 Define and perform the calculation
	8.3.1 Changes to all phases
	8.3.2 Execute the calculation

	8.4 Results

	9 Construction of a road embankment [ADV]
	9.1 Introduction
	9.2 Geometry
	9.3 Create new project
	9.4 Define the soil stratigraphy
	9.5 Create and assign material data sets
	9.6 Define the construction
	9.6.1 Definiton of the embankment
	9.6.2 To define the drains

	9.7 Generate the mesh
	9.8 Define and perform the calculation
	9.8.1 Initial phase: Initial conditions
	9.8.2 Consolidation analysis
	9.8.2.1 Phase 1: First embankment construction
	9.8.2.2 Phase 2: First consolidation period
	9.8.2.3 Phase 3: Second embankment construction
	9.8.2.4 Phase 4: End of consolidation

	9.8.3 Safety analysis
	9.8.4 Calculate

	9.9 Results
	9.9.1 Deformed mesh
	9.9.2 Incremental displacements
	9.9.3 Excess pore pressures
	9.9.4 Development of excess pore pressure
	9.9.5 Safety analysis results
	9.9.5.1 Failure mechanism
	9.9.5.2 Safety Factor


	9.10 Using drains
	9.11 Updated mesh and updated water pressures analysis

	10 Excavation and dewatering [ADV]
	10.1 Introduction
	10.2 Create and assign material data set
	10.3 Define the structural elements
	10.4 Generate the mesh
	10.5 Define and perform the calculation
	10.5.1 Phase 6: Dewatering
	10.5.2 Execute the calculation

	10.6 Results

	11 Cyclic vertical capacity and stiffness of circular underwater footing [ADV]
	11.1 Introduction
	11.2 Geometry
	11.3 Create new project
	11.4 Define the soil stratigraphy
	11.5 Create and assign material data sets
	11.5.1 Material: Clay - total load
	11.5.1.1 Cyclic accumulation
	11.5.1.2 Stress-strain curves
	11.5.1.3 Parameter optimisation

	11.5.2 Material: Clay - cyclic load
	11.5.3 Material: Concrete

	11.6 Define the structural elements
	11.6.1 Define the concrete foundation
	11.6.2 Define the interfaces
	11.6.3 Define a vertical load

	11.7 Generate the mesh
	11.8 Define and perform the calculation
	11.8.1 Initial phase
	11.8.2 Phase 1: Footing and interface activation
	11.8.3 Phase 2: Cyclic Vertical Bearing capacity and stiffness
	11.8.4 Phase 3: Calculate vertical cyclic stiffness
	11.8.5 Execute the calculation

	11.9 Results

	12 Flow through an embankment [ULT]
	12.1 Introduction
	12.2 Geometry
	12.3 Create new project
	12.4 Define the soil stratigraphy
	12.5 Create and assign material data set
	12.6 Generate the mesh
	12.7 Define and perform the calculation
	12.7.1 Initial phase
	12.7.2 Phase 1-Transient ground water flow analysis
	12.7.3 Phase 2-Long term groundwater flow analysis
	12.7.4 Execute the calculation

	12.8 Results

	13 Potato field moisture content [ULT]
	13.1 Introduction
	13.2 Geometry
	13.3 Create new project
	13.4 Define the soil stratigraphy
	13.5 Create and assign material data sets
	13.6 Generate the mesh
	13.7 Define and perform the calculation
	13.7.1 Initial phase
	13.7.2 Transient phase
	13.7.3 Execute the calculation

	13.8 Results

	14 Stability of dam under rapid drawdown [ULT]
	14.1 Introduction
	14.2 Geometry
	14.3 Create new project
	14.4 Define the soil stratigraphy
	14.5 Create and assign material data sets
	14.6 Define the dam
	14.7 Generate the mesh
	14.8 Define and perform the calculation
	14.8.1 Initial phase: Dam construction & high reservoir
	14.8.2 Phase 1: Rapid drawdown
	14.8.3 Phase 2: Slow drawdown
	14.8.4 Phase 3: Low level
	14.8.5 Phase 4 to 7: Safety analysis
	14.8.6 Execute the calculation

	14.9 Results

	15 Dynamics analysis of a generator on an elastic foundation [ULT]
	15.1 Introduction
	15.2 Geometry
	15.3 Create new project
	15.4 Define the soil stratigraphy
	15.5 Create and assign material data sets
	15.6 Define the structural elements
	15.7 Generate the mesh
	15.8 Define and perform the calculation
	15.8.1 Initial phase
	15.8.2 Phase 1: Footing
	15.8.3 Phase 2: Start generator
	15.8.4 Phase 3: Stop generator
	15.8.5 Execute the calculation
	15.8.6 Additional calculation with damping

	15.9 Results

	16 Pile driving [ULT]
	16.1 Introduction
	16.2 Geometry
	16.3 Create new project
	16.4 Define the soil stratigraphy
	16.5 Create and assign material data sets
	16.6 Define the structural elements
	16.6.1 Define the pile
	16.6.2 Define a load

	16.7 Generate the mesh
	16.8 Define and perform the calculation
	16.8.1 Initial phase
	16.8.2 Phase 1: Pile activation
	16.8.3 Phase 2: Pile driving
	16.8.4 Phase 3: Fading
	16.8.5 Execute the calculation

	16.9 Results

	17 Free vibration and earthquake analysis of a building [ULT]
	17.1 Introduction
	17.2 Geometry
	17.3 Create new project
	17.4 Define the soil stratigraphy
	17.5 Create and assign material data sets
	17.6 Define the structural elements
	17.6.1 Define the building
	17.6.2 Define the loads
	17.6.3 Create interfaces on the boundary

	17.7 Generate the mesh
	17.8 Define and perform the calculation
	17.8.1 Initial phase
	17.8.2 Phase 1: Building
	17.8.3 Phase 2: Excitation
	17.8.4 Phase 3: Free vibration
	17.8.5 Phase 4: Earthquake
	17.8.6 Execute the calculation

	17.9 Results

	18 Thermal expansion of a navigable lock [ULT]
	18.1 Introduction
	18.2 Geometry
	18.3 Create new project
	18.4 Define the soil stratigraphy
	18.5 Create and assign material data sets
	18.6 Define the structural elements
	18.7 Generate the mesh
	18.8 Define and perform the calculation
	18.8.1 Initial phase
	18.8.2 Phase 1: Construction
	18.8.3 Phase 2: Heating
	18.8.4 Execute the calculation

	18.9 Results

	19 Freeze pipes in tunnel construction [ULT]
	19.1 Introduction
	19.2 Geometry
	19.3 Create new project
	19.4 Define the soil stratigraphy
	19.5 Create and assign material data sets
	19.6 Define the structural elements
	19.6.1 Define freeze pipes
	19.6.2 Define freeze pipes boundary conditions
	19.6.3 Define model boundary conditions
	19.6.4 Assign model boundary conditions
	19.6.5 Define the tunnel

	19.7 Generate the mesh
	19.8 Define and perform the calculation
	19.8.1 Initial phase
	19.8.2 Phase 1: Transient calculation
	19.8.3 Execute the calculation

	19.9 Results


