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1. Introduction

1. Introduction

Xdisp (Excavation induced ground displacements) is a program that calculates displacements due to
excavation in the ground from tunnelling, retaining walls and mining. The program allows the user to
model complex 3D problems with ease. Graphical inputs enable the user to set up a problem quickly,
whilst a number of options are provided to enable users to map settlements and building damage.
The outputs enable the user to study the settlements in detail, or plot contours and deformations in
plan and in three dimensions. The calculation itself is based on verified and robust empirical
methods, which have been shown to compare favourably to Finite Element analysis'. Furthermore,
the simplicity of interface enables new users to set up and run a retaining wall problem in a few
minutesa nd with minimal training.

The various tutorial examples deal with a range of practical tunnel and excavation applications but
this Tutorial Manual is intended to familiarise the user with Xdisp. The examples should therefore
not be used as a basis for practical projects. Mining problems calculate surface displacements only
and are therefore geometrically simpler. Consequently, a mining example has not been included in
this tutorial manual.

Users are expected to have an understanding of soil mechanics and geotechnical theory, and should
be able to work in a Windows environment. The tutorial lessons are also available in the examples
folder and can be used to check your results.

It is important to realise that Xdisp is an advanced program analysing complex problesm and the
user must be fully aware of the various methods of analysis, requirements and limitations discussed
in the User Manual before use. The Tutorial Manual will not provide theoretical background
information, nor does it explain the details of various methods of analysis available in the program.
These details can be found in the User Manual for Xdisp. This also contains detailed information on
the available program features.

Short courses are also regularly organised and should you be interested in more hands-on
experience you can contact oasys@arup.com for dates and programme content. Further examples

of analysis, video tutorials and webinars are available from the Oasys website.

! Addenbrooke & Potts St James’s Park FE analysis described in CIRIA 2001
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3. Program Features

3. Program Features

Users should familiarise themselves with the features and capabilities of the program prior to

carrying out the tutorials. This will assist them in understanding the analysis being carried out. If

further clarification is required, the User Manual should be referred to.

The following features are separated into those applicable either to tunnels or mines and those

applicable to both.

3.1 Tunnels

A tunnel is taken as an excavation of circular cross-section in soil. Several methods of solution are

available to create the profile of settlement above the tunnels. These include methods for the

following.

Analysis methods to model settlements in both fine (cohesive) and coarse (granular) grained
soils

Two-layer systems with level or inclined soil interfaces

Settlement profiles due to multiple tunnels

Deformation and strain data plots for lines of any orientation and level above tunnel axis
level

Sub-surface displacement methods

3.2 Embedded Wall Excavations
An embedded wall excavation is defined by a polygon or circle describing its plan area, top and

bottom levels, and its associated vertical and horizontal ground movement curves. It is used to

model soil displacements caused by installation of, or excavation in front of, embedded walls. The

following features are available.

Ground movement curves chosen from a library of pre-programmed curves, or specified by
the user explicitly

Soil displacements arising from installation of and/or excavation beside, retaining walls by
selecting appropriate ground movement curves

Multiple embedded wall excavations

Both embedded wall excavations and tunnels

Deformation data plots for lines of any orientation and level

3.3 Mines
A mine is taken as an excavation of rectangular cross-section in rock. The following features are

available.
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Overlying strata may form a two-layer system, but with a horizontal interface

Only one method of solution is available and results are only available at ground surface
level

Deformation data may only be plotted for horizontal lines at ground level



3. Program Features

3.4 Combined Features
The following features can be applied to tunnels, embedded wall excavations and mines.

Tunnel and mine end points, and embedded wall excavations' plan positions can have any
spatial location

The program calculates the three-dimensional displacements (and strains for pure tunnelling
problems)

Vertical displacements may be positive or negative (settlement or heave)

Displacements are calculated for a grid of points, a line of points, or individual points
Output is available in tabular and graphical forms, and may be exported to e.g. csv file
Displacements from other programs can be imported for inclusion in the building damage
assessment calculation.

3.5 Building Damage Assessment
Building Damage Assessment is performed using the Burland (1995) assessment method.

4|

Each 'sub-structure' wall or facade is given a location by association with a displacement
line.

Horizontal displacements are calculated for the position of that displacement line.

Vertical displacements are calculated for any number of vertical offsets of the displacement
line — e.g. representing pile depths.

Building damage calculations are performed for each of those vertical offsets, using the
horizontal displacements calculated at the level of the displacement line combined with
each level of vertical displacement results.

Each 'sub-structure' is given a set of damage category strains to define the threshold of 5
damage categories based upon the geometry defined for the structure.

Either user-defined damage category strains, or pre-defined values from Burland (1995),
may be chosen.

Damage categories are calculated for each hogging and sagging segment along the length of
each sub-structure.

Adjacent hogging and sagging segments may be combined for damage category assessment
as one segment.

Graphs of vertical and horizontal displacement may be viewed for each sub-structure.
Damage category interaction charts may be viewed for each segment of each sub-structure.



3. Program Features

3.6 Utility Damage Assessment

Xdisp performs detailed damage assessment of a utility by calculating the pullout, rotation, axial
strain and flexural strain values at different points along the utility's length. It then checks whether
these values are falling within acceptance criteria. Utilities are composed of one or more straight
sub-utilities.

e Each 'sub-utility' is given a location by association with a displacement line.

e Each 'sub-utility' is given a set of cross-sectional dimensions (internal diameter and wall
thickness).

e Each 'sub-utility' is given a set of parameters and acceptance criteria to determine the
damage limits.

e Displacements are calculated for the position of the displacement line.

e 'Sub-Utility' damage is calculated using those displacements to determine joint rotations,
pullout and axial and flexural strains along the length of the utility.

e Graphs of rotation, pullout and strains along the 'sub-utility' length may be viewed for each
'subutility'.

51



4, Tunnel and Excavation Tutorial

4. Tunnel and Excavation Tutorial

Objectives

By the end of the session the user should be able to:

* Navigate the Xdisp Interface

e Input tunnel and excavation data

* Enter surface and sub-surface curve data
* Input Displacement data

e Run an analysis

* Navigate the Graphical Output

e Create simple graphs

e Export tabular outputs for further analysis

6|



4. Tunnel and Excavation Tutorial

4.1 Creating the input

B Once opened, create a new file by clicking the ‘New File’ icon on the Standard toolbaror
clicking Ctrl + N

1. Fill the Titles dialog box:

Job Number: Initials: Last Edit Date:
E] D2-Jan-2013

Model Image

Job Title:
Tutorial Example

Subfitie:
Single Tunnel and Excavation

Calc. Heading:

[ T (B copy | @ Paste | [X Remove |

Written by: Xdisp version 19.3.1.23

(Hint: Should the user need to change the Units, they should do so at this point by double
clicking on Units in the Gateway)
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4. Tunnel and Excavation Tutorial

2. Double click on Problem type in the Gateway.
Select Tunnelling and/or Embedded Wall Excavations

Problem Type

@ Tunneling and/or Embedded W all Excavations
) Mining

4.1.1 Displacement Data
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1. Double click on Displacement Data in the Gateway
Enter the data for the grid shown below which lies at z=100m.

110m

© (10,0)

A
Y

190m
The grid should have 57 intervals in the x direction and 33 intervals in the y direction.

Note:

The intervals determine the points of calculation, and displacements etc. will be shown for
each point in the grid in the tabular outputs. Too many points in the grid will slow the
analysis and the display of graphical results.



4. Tunnel and Excavation Tutorial

Details of how the grid should be input is shown in the excerpt of the user manual,
Section 3.5, below.

For the grid specified, the user can enter the grid using either Global X or Global Y.

Grids are specified by extruding a line. The Direction of extrusion is specified as one of the
Global axes (X Y or Z). A Line for extrusion must be entered by specifying its end coordinates.
For example, if 'Global X is the direction of extrusion then the table allows the specification of a line
in the YZ plane.

Extrusion Depth

"' Point2
" % Extrusion Depth
Q ' '
Y ".' ¥

et Point

Extrusiondirection:Global X Extrusiondirection: Global Y Extrusion direction: Global 2

The extrusion depth should not be zero. Negative extrusion depth extrudes in the opposite direction
to the global directions.

The number of intervals is specified across and along the extrusion as shown below.

“oeo‘“

xtrus'©

Point2

Check the entered grid details with those shown on the following page.
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4. Tunnel and Excavation Tutorial

2. Copy the cells for the displacement grid and lines from the table below.
(Note: the extra grids and lines are to be used later in the tutorial)

|
-
=
-

for lunnels
'

Surface
Surface
Sub-suface

Surface
Surface
Surface
Surface
Surface

L M
MHo. of
Extrusion | intervals | Calculat | Suiface type

e

10 | ez

Yes

ez

ez

Yes

e

Yes

(-1

along
ext

depth
[m]
1)

110.000

110,000

10
57
20
20
20
10
20
57

J
MHo. of

intervals
across

ext

100,000
100,000
100000
100,000
100000

100,000
90,000

I
Zllevel]
m]

10,000

1.000
20,000
3,000

110.000
70,000
110000

1.000
100,000 200,000

100,000
100,000 200,000

110,000
80,000
20,000
20,000

90.000 | 200.000

F
Line/Line for extrusion
Zllevel)
Jm]
0.000
100,000
100.000
100.000

0000
20,000
35,000

0.000

0000

0000

10,000
120,000
20,000
80.000
20,000
20,000
10.000

Global ¥
Global
Global

Grid 1
Lire 1
Lire 2
Line 3
Lire 4
Line 5
Gnd 2

nd
Line
Line
Line
Line
Lire
Gnd

Ref
Defaults | Paint
o

Cell [A][1]

gl
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4, Tunnel and Excavation Tutorial

4.1.2 Tunnel Data

1.

11|

Double click Tunnels in the Gateway.
Enter the data for the tunnel outlined below:

Diameter =6.5m

Start point: (50, 40, 80)

End point: (180, 60, 80)

Ground Loss (VL) = 1.5

Surface k = 0.5 (user specified)

Sub surface k derivation method is Mair et al.

Check your inputs with those shown on the following page.



4. Tunnel and Excavation Tutorial
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4. Tunnel and Excavation Tutorial

4.1.3 Embedded Wall Data

1. Double click Ground Movement Curves in the Embedded Wall Excavations section of the

Gateway.

In the Horizontal tab, click on the New button and enter the name of the new curve,
‘Horizontal Sub Surface Curve’

Horizontal | vertical

Mame: [Nuluizurldgmndnmt

l Mew Jl Copy I Delete Rename

A

@ Suface and sub-surface movements

Distance from
wall / wall
depth or masx.
excavation

depth [x]

[iefaults

0.000
1.000
0.000
1.000

LHJJ-I'_A.I-IN—‘

Significarit figures for output: 3 -
Equation:

z = 0.0

Coeff. of detemination [P} |-2147483648.

1

3. Select the Surface and sub-surface movements and Linear Interpolation options.

Copy the values from the curve provided in the Excel file and paste into the cells in the
Ground Movement Curve table.
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4. Tunnel and Excavation Tutorial

(Hint: Remember to click the ‘Apply’ button before moving onto the next curve)

A B ' C I D |
1
Horizontal
Distance from Depth/wall depth or Horizontal
wall/wall depth or  max. excavation moverment/wall
max. excavations depth (y) depth or max
4 | depth [x) excavation depth (z)
5| 0.0 0 0.067
6 0.081 ] 0.067
7 0.121 0 0.067
: 0.162 ] 0.066
9 0.202 0 0.066
10 0.243 L] 0.065
11 0.283 0 0.064
12 | 0.324 1] 0.063
13 0.364 0 0.062
14 0.405 0 0.061
15| 0.445 0 0.06
16 0.486 1] 0.058
17) 0.526 ] 0.057
18 0.567 0 0.056
19 0.807 ] 0.054
20 0.648 0 0.053
a1 0.688 L] 0.051
22 0.729 0 0.05

WA b M Displacement Data Tunnels | Sub surface curves -~ ¥

Repeat the previous steps to enter the ‘Vertical Sub-surface Curve’
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4.T

unnel and Excavation Tutorial

4. Double click on Polygonal Excavations in the Embedded Wall Excavations section of the
Gateway.

Enter the co-ordinates for the excavation shown below

(Shortcut: = copies the value from the cell in the row above)

PWIM_“.E'.‘H S
Mame: [Emmrm ']
| Mew | [ copy || Deete || Rename |
1 2
Confrbution:  Positive = Surface level: 100 - 4 } l
[T 1 surface movement curves are selected apply them between surface and | 0 m i
[ Corners: Coordinates and Stiffening :mmmtm'

A B C D E | F | & H | 1 ] 4 |-
Baze Previous Side Hext Side
Comer| " ¥ Lovel | Stiftemed d pl* p2- d pi* | p2r
[m] [m] [m] [m] | [%] [%] Im] | [%] x| .
Diefaulks Mo 0,000 E7.000 25.000 10,00 67.000 25,000
1 S0 000 B0.000 B5.000 | Mo
2 50000 B0.000 85.000 | Mo
3 90000 70,000 §65.000 | Mo |
[ | 50,000 J0.000 85.000 | Mo
5 -

Lo J| concel

15 |

5. Click on the Sides: Ground Movement Curve tab.
Select Vertical and Horizontal Sub-Surface curves for the Vertical and Horizontal columns
respectively.



4. Tunnel and Excavation Tutorial

4.2 Calculation and Outputs
1. Prior to analysis, check all inputs and save the file

z Click on the analyse button to carry out the analysis

2. The solution progress window will automatically appear and the analysis will run.

Progress of Chedks and Analysis

Grid 2 is of type ‘Sub-surface’. Tunnel 1 uses the Mair et al' sub-surface displacement method. The Mair et al' methoc

Calculating ground movements for Displacement Grid 1.
Calculating ground movements for Displacement Line 1.
Calculating ground movements for Displacement Line 2.
Caloulating ground movements for Displacement Line 3.
Calculating ground movements for Displacement Line 4.
Caloulating ground movements for Displacement Line 5.
Calculating ground movements for Displacement Grid 2.

Analysis complete

- =
o ]

(Note: the Warnings shown are a reminder for the user to check that their inputs are
appropriate. For example, Grid 2 would not be suitable if the user had only used surface
ground movement curves)

3. Click the OK button and the tabular outputs will automatically appear.

4.2.1 Exporting tabular results
It is often useful to export results to Excel for further examination, to search for data or plot
user defined graphs.

Select File > Export > Tabular Output

Save the file in an appropriate format.
For Excel files, the user should save the file with the .csv extension
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4. Tunnel and Excavation Tutorial

4.2.2 Viewing and Manipulating Graphical Results

Contours

1. Select Plan from the Output section in Gateway
s Click on the Grid icon to switch off the Grid

Click on the Contours icon to view the displacement contours. Should the user wish to view
filled contours, they can click on the Fill Contours icon.

2. Right click on the Plan View to toggle between vertical and horizontal displacement contours

Horizontal Displacement Contours: Grid 1 (level 100.000m) Interval 2.5mm
120.0 ; v ; ;

Vertical displacement | _____ " ';5\_______5__________E__________E__________E_ _________

v | Horizontal displacement ﬁ\'\ ™

Major principal strain

go.00 [ Minor principal strain j

1000 [

y [m]

60.00
40.00
20.00
0 40.00 50.00 1200 160.0 200.0
Scale x 1:947 y 1:947
x [m]
s Click on the Down icon to view the results for Grid 2

3. To Zoom into an area, left click on the top left point of the zoom window and drag. To zoom

out, select the Unzoom icon ()
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4. Tunnel and Excavation Tutorial

Exporting Contours co-ordinates to Excel
1. Select File > Export > CSV Results File
2. Select the options shown below:
C5V Results File Output Selection ot

Drspiacerment Results
| Grds, Ines and points

Load cenitres
Infermediate poinks
Conbaurs
Displacerment Grid m -
o Resuitant Contour interval 2 frm I
¥ X dinection Contour interval 2 frm l
¥ ¥ direction Contowr interval 2 mm
o T drection Contour interval 2 mm
Buiding Damage Resuts

Uncombined Segments

Combined Segments

Lo ] [ cone

3. Save the csv file. These co-ordinates can be imported into CAD files to overlay contours

(Note: the csv file is comprised of a series of points for each contour only for ease of input
into CAD. Section 4.4 of the user manual covers the format of the output in more detail.)
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4. Tunnel and Excavation Tutorial

Graphs

k&

Click on the Grid icon to switch on the Grid

appears. Right click to view the graph. An example is shown below.

Line Displacements

500

-]
I

Click on the Graph icon and hover the mouse over a displacement line until a black cross

Desplacernent Line X Line
]

—— Wertical Displacement
s HipTZORAS] DS placamest x
—— Honzontsl Desplacemens y

1
P P o

-5.00

=100

Displacerment [mm]

50 )

200 ——

=250
Destance (from 20,000, 35.000) [m]

19 |
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4. Tunnel and Excavation Tutorial

Graphical Output

et

b
+
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1.

Double click on 3D Graphics in the Output section of Gateway

To navigate the view, the following excerpt from Section 4.2 of the User Manual has been
included:

Rotate

The model can be rotated by holding left-click and dragging the mouse. Horizontal drag rotates the
model with respect to its z axis. Vertical drag rotates the model with respect to the axis parallel to
a horizontal line through the centre of the view.

Zoom

The model can be zoomed in or out by scrolling the mouse wheel or by <ctrl> + drag up or down.
The model can be zoomed to its original scale by pressing 'z' from keyboard.

Pan

The model can be panned by dragging the mouse with the mouse wheel (or middle button) held
down.

Click on the Wizard icon or right click on the graphical output view to access the Wizard.

The wizard enables the user to manipulate the output to show inputs, such as tunnels,
excavations and displacement points, alongside outputs. These different options can be
selected to produce images for reports.

The user should toggle different options to create a suitable image. For example, the
displaced grid could be shown and the user should attempt this output.



4. Tunnel and Excavation Tutorial

2. To assess the user’s ability with the graphical output, attempt to produce the two outputs
shown below.

Elements:

2/l Tunnets
Excavalions

Displacament Grids:

=5 mm

" 510 mm

1015 mm

o 15:20mm
20 ; 25 mm
25 30 mm

L~ 3035 mm

=35 mm

Elernents:
) W Tunnels

Extavations
R Displacement Grids

21|



5. Building and Utility Damage Assessment Tutorials

5. Building and Utility Damage Assessment Tutorials

Objectives
By the end of the session the user should be able to:

e Enterinputs for a general and specific building and utility damage analysis
¢ Examine the graphical outputs for a building and utility damage assessment
e Export a Building Damage Assessment report for further analysis

5.1 Base XDisp file for analysis
The base file will be used as a starting point for the various exercises introducing the building and
utility damage assessments.

Base File.xdd is provided with this tutorial

The geometry is shown in the diagrams below:

2200

200.0

Tunnels

180.0

160.0

y [m]

140.0

Displacement Line

120.0

100.0 | i : ' ' Polyline

Scale x 1:1027 y 1:1027
X [m]
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5. Building and Utility Damage Assessment Tutorials

Graphics Display

Elernents:
2 B Tunneis
== Dusplacernent Lines

o Polging 1
— —— Pollines

Tunngl 1

L

=

(Note: the polyline is only used for the generic building and utility damage assessments. The
displacement line specifies the position of a specific building or utility.).

5.2 Checking the base file

Click on the analyse button to carry out the analysis

1. Double click on 3D Graphics in the Output section of Gateway

.

++f
+

Click on the Wizard icon or right click on the graphical output view to access the Wizard.

View the deflected displacement lines to check the results visually:

Graphics Display

Elemants
o Palyine 1 ) @ Tunnelz
il = Lisplacermn@nt Lnas
- = Polylings
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5. Building and Utility Damage Assessment Tutorials

5.3

1.

5.3.1

24 |

Exercise 1 - Specific Building Damage Assessment
Open Base file.xdd and save as Specific BDA.xdd

Inputs
Double click on Damage Category Strains in the Building Damage Assessment section of the
Gateway.
View the strain ranges for the categories according to Burland:
'f '\
E= Tutorial 2 Specific Building Damage Assessmentxdd : Damage Category Strains = E
A B C D E =
0 [Negligible) | 1 Ve Slight) 2 [Slight] 3 (Moderate]
Rl Name ta o ta o
1 Vesy Shight] 2 [Slight] | 3 [Moderate] 4 [Severe) L
Diefauks | Damage Calegory Shans § 0.000500 0.000750 0.001500 0.003000 | |
1 Buland Sirsn Lt ] 0L DO0S0 0000750 T 0.003000
2 | | | =
J F ] "
Cell [A][1]
Note:

If required, the user can change the strain ranges and these will be plotted in the Building
Damage Assessment charts to show where the structure lies within the strain categories.

Double click on Specific Structures in the Building Damage Assessment section of the

Gateway.
[ Tumorial 2 Baveadd - Specific Structures = = |
A B C [0 3 ¥ A H [ ] 3 L
Vertical (et
: Slawt End | frem Line for Vertical .
Stuchan Hame | Subs Mo | Diapi Line | = | Owtance | Gutance | - Wescal | Displocement | Powoy Cotmpy | Pubets | ppn | g
Fimd mrith | Along Line) Along Lina| — Mevesent | Limit Sentivity - -
Cacutations I
Im] Imi Im] ] mm] L Im] |
Daii | Bl [ETE Tatece [ omo|  newm|o TLD00 | Busierad Sl Lve Ua0)  26m| 1000
1
- F
R T p——

Enter the data for the structure specified below where, other than the position and vertical

offsets, all other values are at default.

Building Position: Along Surface Displacement Line (Section 4.2 of Tutorial Manual)

Vertical offsets: At surface, 5.5m and 11m below ground level

(Hint: the vertical offsets can be inputted into one cell by using a comma between values)

(Note: an example of where vertical offsets are useful would be when the user wants to
assess the impact of displacements on the building at pile base, basement level and ground

slab level)



5. Building and Utility Damage Assessment Tutorials

To assist the user, the following definitions from Section 3.14.1 of the manual are listed:

Structure Name - a name to identify structure e.g. a building's name.
Sub-Structure Name - a name to identify a sub-structure e.g. one facade of a building.

Displacement Line - the Displacement Line that is to be used to describe the plan alignment of the
sub-struclure.

Line Length - the length of the Displacement Line that is the maximum length that the sub-
structure can have.

Start Distance Along Line - the distance along the Displacement Line that defines the start point
of the sub-structure.

End Distance Along Line - the distance along the Displacement Line that defines the end point of
the sub-structure.

Vertical Displacement Limit Sensitivity - the minimum value that is to determine the extent of
regions of settlement or heave for the sub-structure’s building damage assessment calculations. This
is an absolute value. It allows settlement or heave profiles, that tend towards zero very gradually, to
be curtailed for the purposes of establishing the end hogging or sagging zones in building damage
assessment.

Height - the height of the sub-structure from foundation to eaves' level.

Vertical Offsets from Line for Vertical Movement - the \ertical offset to be applied to the
displacement line before calculating vertical displacements for use in building damage assessments.

A series of offsets may be specified in order to compare building damage results for different
elevations e.g. for a piled building: basement level; equivalent pile level; and pile toe level. These
vertical movements are used with horizontal movements at the level of the displacement line. See

Points of Inflexion, Gradient and Radius of Cunature for further information. More than one value may

be entered separated by commas ",". A negative value represents a reduction in elevation.
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The Burland method of building damage assessment assumes that a building's fagade behaves as a
beam in bending.

The follwing parameters in the table provide the information that is required by the Burland method to
effect this approximation:

Damage Category Strains - the set of Damage Category Strains that this sub-structure is to adopt
to describe the thresholds of each of the 5 damage categories (0 to 4)

Poisson's Ratio - the Poisson's ratio of the beam that is to represent the sub-structure. Values in
the range of 0.2 to 0.3 are commonly adopted.

E/G - the Youngs modulus : shear modulus ratio of the beam that is to represent the sub-structure (if
the sub-structure is solid, isotropic, linear and elastic then a typical value would be based on
Poisson's Ratio, v, as 2(1 + V) so ranging from 2.4 to 2.6, if values of 0.2 to 0.3 are used for the
Poisson's Ratio.

Burland and Wroth (1974) discuss the effect of E/G ratios but draw no conclusions about appropriate
values to use for ‘typical’ masonry or concrete structures. Mair, Taylor and Burdand (1996) state, "For
the purposes of assessment of potential damage, framed buildings on shallow foundations can be
considered using the same methodology as for masonry structures. It is more appropriate to adopt
an E/G ratio of 12.5, rather than 2.6 used for masonry structures”.

Melis and Rodriguez Ortiz (2001) suggest “for flexible buildings with big spans or steel structure, the
ratio E/G can be as high as 12 or 15".

Default Properties - set 'Yes' for Xdisp to calculate default values for 2nd Moment of Area and
neutral axis distances as discussed below, or 'No' to provide specific values.

The following data is required for hogging and sagging zones of the building.

Distance of Bending Strain from N.A. - the distance of bending strain to be calculated from the
neutral axis. For sagging of a linear isotropic elastic beam a value equal to the height/2 is
commonly used. For hogging of a building with a rigid base slab a value equal to the height is
commonly used.

Distance of N.A. from Edge of Beam in Tension - distance of the neutral axis from the edge of
the beam in tension. For sagging of a linear isotropic elastic beam a value equal to the height/2 is
commonly used. For hogging of a building with a rigid base slab a value equal to the height is
commonly used.

2nd Moment of Area (per unit width) - adopting the above for Distance of Bending Strain from
N.A. and for Distance of N.A. from Edge of Beam in Tension - conventionally for an element of a

structure undergoing hogging a value of d*/3 is adopted. For an element of a structure undergoing
sagging a value of d*/12 is adopted, see Mair et al (1996).

3. Check your inputs with those shown on the following page.
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Prior to analysis, check all inputs and save the file

Click on the analyse button to carry out the analysis

The solution progress window will automatically appear and the analysis will run.
Click the OK button and the tabular outputs will automatically appear.
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5.3.2
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1. Double click on Tabular in the Output section of the Gateway.
2. Choose the following options to view only the Building Damage Assessment results:

1 Page Setup

i
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|¥]5pedfic
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[ ok J[ conce |

3. As well as giving displacements, the final section outlines the specific results for each

Viewing Tabular Results for Building Damage Assessment
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4. This should be examined by the user to understand how the structures are performing. For

example, the user can check the damage categories for the different segments of the

structure.
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5.3.3 Viewing Graphical Outputs for Building Damage Assessment

1. Double click on Plan in the Output section of the Gateway
Click on the Structures icon and select ‘Specific Structure’

Elv -) v|u +2|:I L

v Specific Structure

Generic Structure

3. Check the Specific Building Damage Results section of the tabular output. Choose a segment
which lies in the ‘severe’ damage category. To view the graph for this segment, follow the

steps below:

[EI Select the Graphs icon and hover the mouse over the line at y=150m until a cross appears.
Left click and a number of options will appear as various graphs can be plotted.

a. Select the structure for the segment from the entity options:

Xdisp -

The selection is ambiguous. There is more than one entity at the
position selected. Please select, from the list below, the enfity for
which you wish to view results.

Entity 2 Building -

b. Select the appropriate vertical offset:
Vertical Offset for Vertical Movement Calculations (B

Please select the vertical offset applied to this structure’s
displacement line when caloulating vertical displacement results

usad in the building damage caloulatons.
Dffset (3) -11.000 m| -
ok || cance |

c. Choose the Building Damage Interaction Chart option:

Sub-Structure Results’ Graphs S|

Graphical Results to View
Desplacements’ Graph

@ Buiding Damage Interaction Chart

Combined Segments

Lo | [ concd |

(Note: selecting the Displacement Graph at this point allows the user to view the

displacement of the structure)
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d. Select the appropriate segment to view the chart:

Xdisp .

Please sehect, from the list below, the buiding ssgment for which
you wish o view Building Damage results.

Segment -

Lox J[ conn |

As shown in the tabular output, the segment lies in the Severe Burland damage category.

I = | Tusoesd 2 Specific B0A.odd : Buslding Demage Intersction Chart

[ el

Building Damage Interaction Chart

Defestion Rata

- Ry

Huorizental Geeend Sirain

000 L [LOAED anim anam

T

[T

Stractune 1: Buldisg
1i5ub &, Wertical Offsat Tor
riical Mossemaenis |33

Ve
A1.000m, t 1
[length Ttz .

—-- Cak 0 (Negighbis} i 1 Pery
= - CaL 1 (Wery Sight)ia 2 (3i)

Cak 2 (Sight) 1z 3 (Mexderats
- - - Cab 3 (oderate) o 4 [Seve
= Wax Srans (-0 02ETE} 010
# sl (0003158, 0 008040

Right click on the graph to access useful options to view values, change graph styles, save

the graph and export curves:

Copy
Copy Points

Cursor Tooltip »

Chart Style...

Hide Curves b
Rescale

Zoom In

Zoom Out

Line Weight »

Save DXF
Save JPEG
Save PNG
Save WMF

Export Curves »
Open in Sigraph...

Add Text...

31|
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5.3.4 Exporting Building Damage Assessment Results
XDisp allows the user to export the results and graphs for each segment in one click. This is a
valuable tool for reports.
Select File > Export > Building Damage Assessment Data
Save the Folder in an appropriate area and open to view the different files.
The folder will contain the results in excel and .jpg form with the structure outlined below:
| Folders Files Content/ Commants
= =PRun Filename:> The folder name ks Xdisp data file name
= =Structure Mame:= Cne folder is created for each struckture. The
folder name is the structure nams
&l Building_Response.csv
A Classification_aof Damage.csv
& Critical_Sub_Structurecsv
2 =Sub-structure Name> Ona falder is created for each sub-structure.
The folder name is the sub-structurs nama
2] Classification_of Damage.csv
_E Strains _in_ Sub Structure Offset 1.csy
_ﬂ Strains_in_Sub_Structure Offset 2.csv
Bl Strains_in_Sub_Structure_Offset_3.csy
o8 Sub_Structure Detalls.csv
‘-‘q Sub_Structure Responss csy
Al Horizantal_Displacement ey
= Vertical_Displacement Offset_1.csv
™ Vertical Displacement Offset_2.csv
E Vertical_Displacement_Offset_3.csv
#| B0_Interaction_cChart_Offset_L_Segmant_n.jpg Cne building damage interaction chart file is
il - ; created for sach vertical offset and segmant
—5 &0 lntera':r_m" Chart Offsst 2 _Seqmant_n.jpg where n is the sagment number is created,
BD_Interaction_Chart_Offset_3_Segmant_n.jpg Note: chart title refers ba “structure and
sub-structure with segment details”
2 sub_Structure Displacement Graph Offset 1.jpg G"-"P: af *;‘_“‘"I“""ﬂ -"“;“f“f-“ sub-
3 sub_Stncture Diplcemant Graph Ofst 2 gpo | (AT
-E]Suh_Strud'ure_l:nisplacement_Graph_Dl’fset_E.jpg sub-structure”
Combining Segments
For more complex files, the displacement graph for the structure may have small segments
of hogging or sagging which the user may not wish to consider in the assessment.
For example, in the graph shown below, the sagging segments could be combined with the
hogging section to have one sagging section overall.
Hogging
- —
[
o
: |
o
(S
)
Q ‘
2
[a]
Sagging
Distance
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This is not covered in the tutorial manual but, should the user wish to combine segments
once the results have been viewed, they could do so by double clicking on Segment
Combination on the Specific Building Damage Assessment section of the Gateway.

iTMZMMuwm

33|

SructureSub-stuchre Hame Buldding 1/5ub # -
Wertical Offset for Buldng Damage 3 »  -1L.000m
Segmers Strtjn]  Lengthfm]  Cuvatwe CombnedSegment| |wCombion.|
1 12.000 9,284 Hsgrsg 1 =
2 .284 7.432 Sagag 2
3 8,716 15.967 Hisgrsg 3 eperate
4 44,643 1.789 Sagong 4
5 46,411 250 Hoggng g
& 44,000 2,000 Hane ]
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]
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Once combined the results can be re-analysed to give different assessment results.
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5.4 Exercise 2 - Generic Building Damage Assessment
1.

5.4.1 Inputs

2200

Open Base file.xdd and save as Generic BDA.xdd

Length = 100m

200.0

1400 [}
Interval =

50m
120.0 | - !

100.0

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Scale x 1:1027 y 1:1027

The above image shows how the inputs for Polyline 1 in the Polyline Table translate to
Transects.

X [m]

Transects (which
represent structures)

Polyline
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Each of these transects represent Structures and the generic assessment analyses each

structure for a range of length : height ratios applied to each hogging and sagging segment

along its length.

p .
EE Tutorial 2 Generic BDA.xdd : Polylines =5
A B c [ o [ e [
Tianzects
. Humbser ol
Rel. o e Interval | Length | Displacem
enl Paintz -
[m] [m]
Diefauks 3.000 10.000 1
1 e 1 [1e-+00Z. 2e+002, 0] [12+002. 1e-+002. 0] E0.000 | 100.000 101 |
2
J i m ¥
Cell [A11]

2. Double click on Structures in the Generic Building Damage Assessment Section of the

Gateway.
- .
= Tutosial 2 Basecdd : Generic Structures =R R
A B C [ E F 6 H [ I
Hogging
i Damsge Categoiy | Pomson's Defaiht 2ad [stance I::
el Hanme Priginas L Walime m Slrakns Aatis LEL I [ st :‘u.-:::: E‘-m :'1'
it it A B
H‘rﬁj fev] Il 1
; [ Tkrw: 1 (R EF-IT] T |l Grmn Lt | 00| 2060 | Tes I [ I
1 |
IE '

Cull [AT1]

Enter the data for the below for Polyline 1 where, other than the height, all other values are

at default.

Transect 1 height = 10m
Transect 2 height = 20m
Transect 3 height =40m

(Hint: the height is defined using the L/H value in the table. Consequently, for each transect,
input the L/H value separated by a comma in the L/H cell)

3. Check your inputs with those provided on the following page.
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4. Prior to analysis, check all inputs and save the file

z Click on the analyse button to carry out the analysis

5. The solution progress window will automatically appear and the analysis will run.
Click the OK button and the tabular outputs will automatically appear.

5.4.2 Viewing Tabular Results for Building Damage Assessment

1. Double click on Tabular in the Output section of the Gateway.
2. The results give the displacements for each structure on the transect and damage categories
for segments along the transect

5.4.3 Viewing Graphical Outputs for Building Damage Assessment

1. Double click on Plan in the Output section of the Gateway
Click on the Structures icon and select ‘Generic Structure’

-EE » L

Specific Structure
v Generic Structure

@ Select the Graphs icon and hover the mouse over the polyline (x=100m) until a cross
appears.

Left click and the graph for Maximum Tensile Strain will be plotted

The graph shows maximum tensile strain along the polyline and demonstrates which
structure is most affected by the tunnels:

B Fpmrsl 2 Goren: BN e : Jerme: Buddeg - Mo Ty Ses o ]
Gananc Bulding : Maximum Tensis Stean

Locatis firam st of polyine [re]

(Note: should the user wish to view more points on the graph, they should reduce the
interval value in the Polyline table and re-analyse. This requires more calculations and the
analysis progress may be slower)
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5.5 Exercise 3 - Specific Utility Damage Assessment

1. Open Base file.xdd and save as Specific UDA.xdd
5.5.1 Inputs
1. Double click on Dimensions in the Utility Damage Assessment section of the Gateway.
Input the following for Utility Dimension 1:
Internal Diameter = 1219mm
Wall Thickness= 15mm
2. Double click on Acceptance Criteria/Parameters in the Utility Damage Assessment section of

38|

the Gateway.
Input the values shown from the example on the next page.

(Note: The Check option specifies whether the program should check the value against the
limit specified in the table for failure.

If the property is checked and the calculated value is beyond the limit, the segment will be
shown to fail in the tabular output)
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3. Double click on Specific in the Utility Damage Assessment section of the Gateway.

Input the values for a pipe in Verified Clay with the following properties and calculation
requirements.

Starts at (50, 150, -5-5)
Ends at (100, 150, -5.5)
Segment Length = 20m
Assessment Interval = 1m
2200
200.0
180.0
1600
E F | R T —————
=
140.0 l
120.0
100.0

5000 7000 0000 1100 1300 150.0
Scale x 11027 y 11027
X [m]

4. Check your inputs with those provided in Tutorial 2 Answers.xls

5. Prior to analysis, check all inputs and save the file

Click on the analyse button to carry out the analysis

6. The solution progress window will automatically appear and the analysis will run.
Click the OK button and the tabular outputs will automatically appear.
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5.5.2 Viewing Tabular Results for Building Damage Assessment

1. Double click on Tabular in the Output section of the Gateway.

2. In Page Setup, select the Specific Utility Damage Assessment results only

3. The user should examine the tabular output to determine if their utility fails on any of the
limits they had checked in the Acceptance Criteria/Parameters section of the Gateway.

The output shows that some segments of the utility are failing on the threshold values for

Rotation:
.
T Tuterial 2 Spexcific UDAoodd : Tabuler Dutpet ===
map Resuls
Sub-Tzility Assssmazt Diatance Coardizatas Pullowt Chack Fatazion Thaech Pips Straiz Chach Sumary
Hass Fadnt From che
uellity's
arart
paint
= ¥ ] Pullour  Torearsld Limic Retariorl tersarcadl Limic Azasl ¥ Laororad TemaLOn COmpTENLEn
Total Chach Total Chic|
U m) i ] 1 5] [}
Hals @ i ag SOE -k, BEGE o o —R R, ATHTE B4, RITEA - = wdd, YRR CE
i LD SO0 -6, BE9E o o 30T . 2381 EiEid - - BT ARRED CE
a nn 2060 -& KEARD - ca o ~IRTH ARERL IAE SERES - - 13 InAE oK
4 ag 200 -G RO = =4 =J8d1 . 4TITE 146 ddEdO - TRA- TR OR
1] L 208 -k G300 = - 4 =518d, WEN0d 373, 49147 - - ThELLEITE OF
] az F0E0 ~&. 000 = o -39 RE0 37E, DEEIE - - e aRaE oK
¥ a8 SO0 -8 BEOGD - oK = —2941.4T278 172 THI_METRE oK
L] o0 000 -8 80D o o ~ANTE.OBAB) 146, 681 46418 oK
L] o8 T 2AEd -6 RO = it -J0T4. 383 14 LeE BEL T
] a8 T S0E0 -k, 00D = ] ~bae, Q38T § A BTN 0K
i1 190900 B0.90400 140.04000 -6.50000 -17.277 o " -sla.amii 3444318 oK
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5.5.3 Viewing Graphical Outputs for Building Damage Assessment

1. Double click on Plan in the Output section of the Gateway
Click on the Utilites icon and select ‘Specific Utility’

(B » e
v Specific Utility
Generic Utility

[EI Select the Graphs icon and hover the mouse over the utility (y=150m) until a cross appears.
Left click and a number of options will appear as the utility also lies on the displacement
lines so various graphs can be plotted.

The following steps will demonstrate how to plot the graph that shows failure of the utility
due to Rotation.

a) Select Utility 1 from the entity options:
Xdisp —

The selection is ambiguows. There is more than one entity at the
position selected. Please select, from the list below, the entity for
which you wish to view results.

Entity it - -

Lo J[ comcel | |

b) Choose the Rotation vs. Distance chart option:
Utility Results' Graphs

Utility Results’ Graphs
Displacements vs Distance
@ Rotation vs Distance
| Pullout vs Distance

Combined Strain vs Distance

o ][ concn
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The following graph will be plotted:

0o

]
Distance ffrom star of wility) [m]

Uiy 1: Uity /b
]

= Rurarii vy CepiaTce
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5.6 Exercise 4 - Generic Utility Damage Assessment

Open Base file.xdd and save as Generic UDA.xdd

5.6.1 Inputs
2200 - -
Length = 100m
200.0 1
180.0
. 1600 | |1V v 1 v vy Transects (which
E represent utility)
-
140.0
Interval =
50m '
1200 | : . U SRR I L
1000 o 1\
50.00 70.00 ©90.00 1100 1300 NJ5(
Scale x 1:1027 y 1.102?K[m] Polyline

The above image shows how the inputs for Polyline 1 in the Polyline Table translate to
Transects.
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5.6.

45 |

Each of these transects represent Utilities and the generic assessment analyses each utility.

Il

EZ Tutorial 2 Generic BDAxdd : Polylines [ o] = |==
A B c | o [ € [
Transecls
: Humber ol
Ref. A e Interval | Length | Displacem
ent Pointz L
[m] [m] [m]
Diefauiks 3.000 10,000 11
1 Folyins 1 [Ve+D02. 2e+002, 0) [18+002, Te+002. 0) [ 50.000 100,000 | 1 |
F
J " i ¥
Cell [A][1]

2. Copy the values for Dimensions and Acceptance Criteria/Parameters from
Specific UDA.xdd

3. Double click on Generic in the Utility Damage Assessment section of the Gateway.

For Polyline 1, specify utilities in Verified Clay which has a pipe segment length of 20m and
calculation interval of 1m.

4. Prior to analysis, check all inputs and save the file

Click on the analyse button to carry out the analysis

5. The solution progress window will automatically appear and the analysis will run.
Click the OK button and the tabular outputs will automatically appear.

2 Viewing Tabular Results for Building Damage Assessment

1. Double click on Tabular in the Output section of the Gateway.
2. In Page Setup, select the Generic Utility Damage Assessment results only

3. The user should examine the tabular output to determine if their utility fails on any of the
limits they had checked in the Acceptance Criteria/Parameters section of the Gateway.

The output shows that, for Transect 2, more segments are failing due to reaching the Tensile
Strain threshold.
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5.6.3 Viewing Graphical Outputs for Building Damage Assessment
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Double click on Plan in the Output section of the Gateway

2. Click on the Utilites icon and select ‘Generic Utility’

HE 20
M B :

Specific Utility
¥ | Generic Utility

Select the Graphs icon and hover the mouse over the polyline (x=100m) until a cross
appears.

Left click and choose the Combined Strain vs. Distance chart option:

Generic Utility Results’ Graphs S|

Generic Uttty Results’ Graphs
Displacements vs Chainage
Rotation vs Chainage
Pullout vs Chainage

@ Combined Strain vs Chainage

Lok [ conce |

(Note: if the user clicks on x=100m, near the displacement lines, they will have to choose the
utility instead of the displacement lines before being prompted to choose the Utility results

graph)

The graph shows that the utility at the centre of the polyline has the most significant strain.
Also, all three utilities lying on the transects have maximum tensile strains over the
threshold (allowable) strain. Consequently, all three utilities fail.
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Maximum Combined Strain Vs Chainage
mr:cmw-um

— Combined Tensie Stran

1200, = Combined Compressive Sira

—
ol

ol

fu . | : _

§ ol
T T TN s

[] 200 1] 600 B0
Chainage {along the palyline) [m]
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6. Importing CAD Drawings

6. Importing CAD Drawings

XDisp allows the user to import displacement lines, excavations and displacements from CAD
drawings.

To create a suitable file, the dxf lines should be assigned to layers named Tunnels, Buildings
or Excavations. This is covered in more detail in Section 3.8 of the manual.

Objectives
By the end of the session the user should be able to:

e Import dxf files
¢ Consolidate their learning from previous tutorials

6.1 Import DXF File

4 Create a new file by clicking the ‘New File’ icon on the Standard toolbar or
clicking Ctrl + N

1. Select File > Import > DXF File
Import the DXF elements.dxf

(Note: DXF background.dxf has no elements assigned to Tunnels, Buildings or Excavations.
These files can be used as plans to determine the orientation of the buildings, tunnels and
excavations)

3. View the 3D Graphics Output:

Draphics Diaplay

Elamenis

I puisings

L Tunnels
Escawabons

== Displacemeni Lines

OLYLINE T1.9
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6. Importing CAD Drawings

5.2 Test yourself

Using the file created, the user should attempt the following exercises:

Assign Ciria C580 curves for the Polygonal and Circular excavations

Change Polyline B2.1 to a utility and apply appropriate values (from Tutorial 2)
Analyse

Determine Building performance

Produce graphs

uhwnN e
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7. Graphical Input

7. Graphical Input

Objectives
By the end of the session the user should be able to:

¢ Input displacement data, tunnels and building graphically

7.1 Graphical Input

B Create a new file by clicking the ‘New File’ icon on the Standard toolbar or
clicking Ctrl + N

1. Import the CAD drawing site_plan_original for import.dxf

N

In the Graphical Output window, click on the ‘Input/Output’ icon to switch to graphical input

++
+

Click on the ‘Grid Plane’ to define the grids that you will use to draw.

2. Use the ‘Current Grid Definition” window to enter grids at OmOD (Grid Plane 1) and -10mOD
(Grid Plane 2).
Select an x and y spacing of 10m using the Grid Layout button

~ ~
Current Grid Definition ﬁ

Grid Plane

Defaul H ’ Grid Plane...

Default

|
Grid Layout

[ CK ] [ Cancel ]
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7. Graphical Input

Click on the ‘Snap’ icon to enable the user to snap to points on the grid when sculpting

@B Click on ‘Add Polygonal Excavation’ and draw an excavation in the location shown below.

The excavation surface is at OmOD and is 15m deep.

3. Assign the excavation surface movement curves from Ciria 580 (Excavation in front of high
stiffness wall in stiff clay)

(Hint: Check that the right Grid Plane is selected for the excavation surface)

(Hint: To complete the excavation, right click on the last point and click on Add Excavation)

Add Excavation
:|_ : . Clear

Save Current Settings
Settings Wizard

Delete Background Data
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7. Graphical Input

@ Click on the ‘Add displacement entity’ icon and tick displacement line.

4. Draw displacement lines in the shown location at z=0mOQOD:

Graphics Display

1 Displacement Line 1

avation 1
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7. Graphical Input
‘ Click on the ‘Add structure’ icon and select Specific Structure

5. Input structure with the following properties for Displacement Lines 1 and 2:

Specific Structure Data . 1

Spedfic 1 T TS tructure 1
Sub-structwre  Sub =
Displacement Line | Displacement Line 2 v
Lirne Length 50 m
Distances akong Displacement Line
Start 0 m End 50 m
vertical Offsets 0 m
Vertical Displacement Limit Sensitivity 0.1 mm
Damage Category Strans | Burland Strain Limits -
Poisson's Ratio 0.2
E/G 2.6
Height 0 m
Default Properties  [f] Hogaing Sagging
Destance of N.A. from Edge of Beam n Tension 10 | m S| m
Distance of Bending Strain from N.A. 10 | m 5m
2nd Moment of Area (per unit width) 333.333 | m? 83.3333 | m?
Lok | [ concel |

(Note: Specific Buildings can only be inputted on displacement lines)

Elesnis

T Bvikaings
Estawalions

== Displatament Lines

bEern Lne 2

eplacamant Lne 1
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7. Graphical Input

Specific Structure Data I —
Spedific 1 Structure  SUTTLE]
Substruchre Sub #
Displacement Line | Displacement Line 2 -
Line Length | 50 m
Distances along Displacement Line
Start 0 m End N m

Vertical Offsets 0

Vertical Displacement Limit Sensitivity 0.1

Damage Category Strains | Burland Strain Limits

Poisson’s Ratio 0.2
Efe 26
Height 10 m
Default Properties Hogging Sagging |
Distance of N.A. from Edge of Beam in Tension 10 | m 5m
Digtance of Bending Strain from N.A. 10 m 5\m
Ind Moment of Area (per unit width) 333,333 | m? 833333 w2

o | [ conc |

[
# Click on the ‘Add tunnel’ icon to input tunnels along the path shown below at z=10m. To
finish the tunnel, double left click on the last point.
(Hint: Check the Grid Plane before sculpting.)
urinel 2
T Tuoneld
E ¥

54 |



7. Graphical Input

6. Enter the following data for the tunnel

Tunnel Data S
Tuel 1-4  Mame |i-4 |
Geometry [m]

Diameter k.5
s y z
End Point 1 1] 240 =10
End Point 2 1010 330 -10
Analysis Parameters
Ground Loss 15 =%
Surface Displacement Caloulations
kDerivation  User-specfied k -
tover e 05
Interface Level at End Point 1 l 50 ] m
Inkerface Level ak End Point 2 m
Sub-surface Displacement Calculations
Analysis Method | Mew and Bowers o

k Dervation [ User-specified k vl

k [—M]
[

m 0.5 ]
Interface Level at End Point 1 m
Interface Level at End Point 2 l 100 I m
Soil at Tunnel Level
(@) Cohesive Granular
[ J[ comcad ||
Test yourself

To consolidate your learning, draw a polyline and enter a generic building damage
assessment.
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