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1 | 1. Introduction

1. Introduction

Pdisp (Pressure Induced Displacement Analysis) calculates the displacements (and stresses if
required) within a linear elastic or non-linear soil mass, arising from uniform normal or tangential
pressure, applied to rectangular and circular loaded planes. The program is ideal for predicting the
displacements that may arise due to the action of several loads in a soil mass.

The outputs enable the user to study the settlements and stresses within the soils. The calculation
itself is based on verified and robust numerical methods and the simplicity of design enables new
users to set up and run an analysis easily

The tutorial examples deal with practical loading applications but this Tutorial Manual is intended to
familiarise the user with Pdisp. The examples should therefore not be used as a basis for practical
projects.

Users are expected to have a basic 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 Pdisp is an advanced program analysing a complex problem 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 on the methods, 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 Pdisp. 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 program content.
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2. Pdisp Analysis Methodology

Two methods of analysis are available in Pdisp:
* Boussinesq
*  Mindlin

It is important that the user is familiar with both methods and their suitability to different types of
analysis. The selection of analysis method also influences inputs such as the number of displacement
points and the final outputs the user obtains from their analysis.

Consequently, before using the program, read Sections 2.1 to 2.3 of the user manual to enable to
you answer the questions below.

Space has been left for you to write your answers for future reference.

2.1 Boussinesq Analysis
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Fig. (8) : Pressure bulbs Jor vertical stress
{a) Circular foundation (b) Strip foundation

1. Stresses and strains are calculated in Pdisp using Boussinesq equations. How are
displacements derived from these values?
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2. What impact does decreasing the displacement intervals in a soil-strata have on the

accuracy of the analysis? Why are displacement intervals important for the Boussinesq
method?

3. To calculate settlements and stresses below a small loaded area carrying a significant load
accurately, what is the best vertical spacing of displacement levels close the load?

4. If you apply a larger maximum allowable ratio between values of E at adjacent displacement
levels, how does this affect the accuracy of the Boussinesq analysis?

5. Forloads below the ground level in which there is a sudden change in stress, how would you
improve the accuracy of the Boussinesq solution?

6. When selecting Global Poisson’s ratio for materials with very different elasticity, should you
choose the higher or lower Poisson’s ratio and why?
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2.2  Mindlin Analysis
1. When starting a new analysis, would you use the Legacy Mindlin Method? Why?

2. a.How would you model displacements above a load where there is a significant difference
in stiffness between the soils below and above the load?

b. Which heave correction factor should be used for a new analysis?
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2.3 General
1. Which analysis should be used if you are interested in horizontal displacements and
why?

2. Which analysis should be used if you need to calculate stresses and displacements in the
soil?

3. Which analysis is best if you are interested in accurately representing settlements above
aload?
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3. Pdisp Program Features

The main features of Pdisp are summarised below.

* Displacements are calculated using a profile of Young's modulus with depth. The modulus
can be constant or vary linearly with depth for each soil layer. Non-linear stress/strain curves
may also be specified.

e Displacements and stresses can be calculated at several levels and at any location in plan.
The location of the displacement/stress points is defined by means of two-dimensional
orthogonal grids, by lines or by points. The results from the grids can be displayed
graphically as contours.

* Loaded areas can be defined as rectangles or circles. Pressures are applied as vertical and/
or horizontal uniformly distributed loads to rectangular and/or circular loaded areas. Areas
can be superimposed and placed at any level. All loads are completely flexible i.e. no
allowance is made for stiffness of the structures.

* The base of the model is defined by the specification of an equivalent rigid boundary.

* The ground is modelled using a series of vertical soil profiles each consisting of a number of
horizontal soil layers. The plan distribution of the soil profiles is specified in rectangular
areas known as soil zones. These can be superimposed allowing the development of
complicated ground models.



7 | 4. Components of the Pdisp Interface

4. Components of the

Standard Toolbar

™ pdizp 19,7 - Pdip dan, pdd

- [= s

Pdisp Interface

Graphics Toolbar

s _Tooks _Graghics _indomw

sk Eway J Pdimphlan, pdd : Graphies 30

= Ingad
L1
Al Dptiore:
Tisles
= Sod Frokies
Sl Pooliie 1 [3)
Siod Paotie 2 4]
Sl Zones (2]
= Mondrea Curess:
R Cuive 1 [7)
Load Dhata [3)
Diplacement Data 15)
Imported Dieplacements | 25|
Graphezal lnput
Graphs: Sabrgs

Pdisp Toolbar

Displacemant Grids

M - z0mm

|
M 0
W =0
W =0
| KLU

of | EEL

[ REL
I 150

- RUE
B zo00:

B 0

A
B0 mm
B mim
1360 e
120 mm
Vil P
180 mm
180 mm
J00 i
T mim
240 Fafm

-

4 # |\ 1; Sl Profibe 1 £ 3 Soil Profie 3 1 A3 Soll Profie [ | [l
Press <TABS B0 shart & ness recond
* Pdisphlan, pdd : Graphical Quiput ... = T X 9 PdispMan. pdd : Oulput = |O0X| % pdiplkan. pdd - Graphical Dutp =]
& 0 Ful Comdensed
a | Cross Section view |
A
— RESULTS FOR GRIDS
gy | Ernas pechon wiss of data
Amalysiz: Bouwszina & 000 ]
L 1 Global Foisson"s © ] M.',:'['lml_-'ﬂﬂ_?_,f.ﬂﬂl;# """ B
annn | I Heorizsmtal rigid be I S0y | ' . i
000 | ! 0 e ———————— :
8 b The sasisus displacesent bl lerencs betues Py - T
000 | e ! Bousdimeiyg methed = 343 Jdma and Hiedlin = e
" 3 5 sccurs st poimt X = LE.000m T = =39 000mis ) | TR
4000 == yHENE E T
8000 Ol ke Troe Location .
S000 | JERE 151 x T ElLewve P b T - T-" a0
wae T o ov - ¢ L Scals x 19081 y 19081
AN RN R 5 e W TR L i
Bedle o 1 TEM w1 T30 L, GO0 =54 000 =20
X [ L it ko bl
< » 4 » < »

For bk, press Fl




8 | 5. Loaded Soil Tutorial

5. Loaded Soil Tutorial

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

* Navigate the Pdisp Interface

* Input load data

e Input displacement data

e Input soil data, including non-linear curves
e Run an analysis

* Navigate the Graphical Output

e Create simple graphs

e Export tabular outputs for further analysis
e Export contours for dxf drawings

8|
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5.1 Creating the Input

Once opened, create a new file by clicking the ‘New File’ icon on the top left of the program
or clicking Ctrl + N

1. Double click on Titles in the Gateway and fill in the dialog box:

Loaded Soil Example

Motes:

. (B coy |[B paste | [X Remove]

Written by: Pdisp version 19.2.0.12

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

e i
Quaritity Urit Corrversion lactor
Onpcemr 0
Feece N~ Oompen
Length/level 1 perm
Stress kPa =] 000 peiPs
Time D 1pers
Rieset Liriks

st | [ kN | | kiph | [ ki |

9|
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2. Double click on Analysis Options in the Gateway.

Select the following:

{4 Tutorial 1 Final.pdd : Analysis Parameters | — | (&) |[wicim)

Analysiz method
() Mindlin @ Boussinesq
Legacy
Elastic analysiz above loads
Calculate horizontal displacements
Stiffness for horizontal displacement calculations
@) Use weighted average
|ze greatest shffness

|ze stiffness at displacement point.

Heave correchon factor

Use legacy heave comechon factor

Effect of soil above load

Include effect of soil above load in dampening displacements
below it for

Vertical loads on honzontal planes

| | Honzontal loads on honzontal planes

Global Poisson's ratio: 0.29
Masimurn allowable ratio between values of E at 15
adiacent displacement levels [>1): '
Harizontal rigid boundary level [m 0D] -30

"] GSA raft analysis data [V Displacements at load centroids
| Aoy | | Undo |

(Note: The horizontal rigid boundary level sets the base of the analysis as where there is no
settlement. This is often specified as the level of bedrock)

10 |
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3. Double click on Soil Profiles in the Gateway

Enter the data shown in the diagram on the following page for Soil Profiles 1 and 2.
New soil profiles can be entered using the Add Soil Profile tab at the bottom of the table.

Poisson’s ratio is 0.25 for all the soil strata.

For each soil strata, specify displacement calculation points at every 0.5m using appropriate
values for the Number of intermediate displacement levels.

(Hint: Use section 3.2.3 of the User Manual to help you understand the required inputs)

Level (MQD)
SolL Lot | SO\L PROFILE 2.
°1 L) TR Eqgp = 10 000 N
£ = 20 000 WN[m* TP g4 =15 000 kN2
S 1 Etep =20 000 \WN/m*
-lOMOD
v
107 -12m 0D
9 T not = LO OO0 WN M
Tiep =30 OO KN fmt
ERT T =40 OCOk“IMl
-20M6D
-0+ v ‘zjvaD Ebo\: :SOCI)O\L\\UW\1
Etop = SO 000 kN |m?
E = 60 000 l‘\VN\l
384
0 gk = 60 000 kN[t
07 777 7777 TTT77 777777777
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An example for Soil Profile 1 is shown below:

A
Lewvel Hu ol mtermediate oung's modulus - -
Layes at top dizplacement (kM fm] meﬁ 3 Colour Hmu
[m] levels Top Boltom _
(Deiouls GE Niors .
0.000 21 20000 20000 025 Mone

2 10,000 Fil 40000 40000 0.25 None

3 -20.000 21 EO000 BO000 0.25 None

F

4| 'v '\ 1: Soil Profile 1 |4 2 Soil Profile 2 £ Add Soil Profile [ ||ER! 11 | »
Press <TAB> to start a new record

12 |
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4. Double click on Soil Zones in the Gateway

Enter data for the soil zones shown in the diagram below for Soil Zones 1 and 2.

(100, 100) (o, 100) (+100, 100)

So\\ tone |\ Sao\ lone L

for So\\ Profile | tot Sail Profile L

T %

v >

(-100, -100) (0,-\w0) (100, -100)

13 |
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14 |

5.

Y [m

Double click on Load Data on the Gateway.

Enter the loads shown in the diagram below.

00 [T ol | ow
50.00 r a R : r-
: : (O,qﬁbg : x
: . X 5 3 f
4000 -7 S ) ;;:_w:-::‘__i_-:-'__""--’—_'_:\E: oo :' '''''' I
N | N ead '3 2 9-1 MOD
20.00 B TN T
o N GRS
| ! : : ¥ ?
\ o . ' ' N 1
- '2[[ j [] U = - » .'.'l‘ - o = ™ - z‘lll i
AN ‘ : /
4000 [TTfTTTET R A b e oot
: e 3: : Lload 2
i X (10 55), ¢ ; Z = -2M0D
-60.00 g I Rt R bbb b it
-20.00 ; i
000 -20.00 20.00 TR0.00

The loads are:
e Load1l=60kN/m2
* Load2=70kN/m2
* Load 3 =50kN/m2

Circle radius = 45m

Represent the circular load with 7 rectangles.

An odd number of rectangles is always specified due to the geometry of representing a circle
using rectangles.

(Hint: Check the input is correct using the Graphical Input window, accessible through the
Gateway)
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Y [m]

15 |

6. Double click on Displacement Data in the Gateway.

Enter the displacement lines and grid shown in the diagram below.

The grids have 10 extrusion intervals and the lines have 7 extrusion intervals.

Try inputting the Grids in the Global X and Global Y direction to better understand the
process.

(Hint: Use Section 3.2.6 of the User Manual to assist you with the inputs)

120.0

100.0

80.00

60.00

40.00

20.00

-20.00

-40.00

-60.00

-80.00

-100.0

No results from horizontal grids!

(%,%0)

Line. L —

(30

7‘0,;-503

(80,70)

(30, 8O)

-120.0 -80.00 -40 00
Scale x 1:1671 y 1:1671

Line | 2-0migl
Lwe 2 2 Om b%\,
Grid ' z=0mbgl
Grnd 2 2=-3m bsk

X [m]

40.00 8000

Qr\d | and Gnd 2
n p\ar\.

120.0
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7. Double click on Graphical Input in the Gateway to check the load, displacement grid and
displacement line geometry.

120.0

100.0

8000 == : f : - T

6000 [T \ R
4000 |-+ \,{,f“‘{_ﬂ_t"“h

...........

............

2000 [~ "..,:,.. .

1 e
NEEs . seEn e

PN, WU E—- L

%

Loon [T “..7:5. ‘-:.“..:L ..‘....“?N.‘E.. “E.“ [ R R ——

8000 [T >{ \* S S

-100.0

-120.0 -80.00 -40.00 0 40.00 80.00 120.0
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5.1.1 Non-linear curves

1.

17 |

Using the following description, derive the non-linear curve from the data below.

Strain Non Linear Stress (kPa) | Equivalent Non Linear Stress (kPa)
(%)
0.0247 0 0
0.0798 0.000822126 0.003546703
0.8348 0.723993197 3.735775008
22.88 72.89719626 421.3710767
94.16 300 1734.104046
Stress Factor 4
1.0 5, 1.0
/
/

0:./
035, ///-— 03 -
U

0 0.1 Strain 0 0.1 Strain

For increasing values of strain, the factor (F) by which Young's modulus is to be modified, is defined
by:

O
O

where ol is the equivalent stress for a linear curve at a given strain (&) and o, is the stress for the
non-linear curve.

All stresses referred to in this manual are stress changes due to the application of loads. No
account is taken of stresses existing in the ground before loading.

Double click on Non-Linear Curves in the Gateway
Click on the tab titled Add Curve on the top right of the table.
Choose the linear option at the base of the curve.

Create the curve from the values derived at Stage 1. The expected curve and values are

shown on the following page.
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s

(Note: The user can also approximate the curve by clicking points on the graph using their

mouse)

Double click on Soil Profiles in the Gateway.

Assign the non-linear curve to Soil Stratum 2 in Soil Profile 2.

EE Tutorial 1 Finalpdd : Seil Profiles [fo | ==
A B C | D E G -
Lewel Ho of intermediate Young's modulus N :
Layer at top displacement [kN/we] ”"::": ® "";'m':"
[m] levels Top Botlom L
[iafaks 020 Mone 1
1 0.000 E] 10000 15000 0.5 None
2 -4.000 17 20000 40000 0.25 MNenbness Curve 1
3 -12.000 19 20000 S0000 0s More
4 -21.000 13 S0000 E0000 025 Mo
5 -
4 |'+|\ 1 Soil Profile 1 \2: Soil Profile 2 { Add Sl Profile / ] « [ [
Soil Profile [Soil Profile 2] Cell [A][1]

19 |
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5.2 Analysis and Output

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

Click on the analyse button to carry out the analysis

2. The data check window will automatically appear. Select Proceed.

Data check |t |

Your data has been checked.
Wannings:

Hone -

| Cancel

3. The following window will appear showing the difference between the Mindlin and
Boussinesq results.

Pdisp - — [t

. The maximum displacement difference between
Boussinesg method = 170.1mm and Mindlin method = 65.03mm
occurs at point X=16.00m ¥=-39.00m Level -1.127m0OD and is: 105.0mm

Note:
There is a significant difference between the Mindlin and Boussinesq methods because:
a) This analysis involves non-linear soils, which are not considered in a Mindlin
analysis.
b) This analysis involves loads below the surface, which is not represented as
accurately using the Boussinesq method

The point at which the greatest difference occurs is where the loads below the surface
intersect. This is as expected due to the differences in the methods for loads acting below
the surface.

20 |
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4. The Page Setup window will appear. Select all the options to view the results and inputs in
the Tabular Output.

Page Setup et |
Select the items that you want to print
Notes | Soil profiles
| Displacement grids | Soil zones
mpoited displacements Pile-coil interaction propertes
7] Load data Pile-soil interaction coefficients

| Analpss parameters | Results

| Non-inear curves

oK | | Cancel | | Selectal |

5.2.1 Tabular Output

1. View the Tabular Output.

What is the vertical stress and displacement at:

a. The centre of each load
b. -64,39,0
c. -64,30,3
d. -70,-80,0
Hint:

Section 4.2 of the User Manual outlines where displacements and stresses are shown in the
Tabular Output.

The points listed are shown on the displacement grids. A quicker way to find these
displacements would be to enter displacement points in the Displacement Data input table.

2. Choose File > Export > Tabular Output

3. Save the file with a .csv extension and open the Excel file.

21|
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5.2.2 Plan View
Double click on Plan in the Output section of the Gateway

Line Graph
@ Click on the Line Graph icon.

1. Hover the mouse over Line 1 and left click to plot the displacements over the line.

rETLlnr'nl!Fni.pdd‘:l.iuDi:plum = =
Displacement for Line 1

Distance from {70,601 m m —=— Line Displacement

100 200 200 B8.0 B30 130 120 140 180 1£0

/
- /

Sutthernend [mrm)
::1
=
s

o \

0.0

Note:

To plot more points in the graph, amend the Displacement Data input table by adding more
intervals to the displacement line.

It is advised that the distance between points on the line should be less than the width of
the loads to depict settlements accurately.

22 |
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2. Right click on the graph.
The following options will appear:

Copy /

Copy Points
Cursor Tocltip » Mone
Chart Style... Coordinates at Cursor

o | s e v | Curve Values at Abscissa

Coordinates of Mearest Point

Rescale

Zoom In
Zoom Out
Line Weight »

Save DXF
Save JPEG
Save PMNG
Save WMF

Export Curve

Open in Sigraph...

Add Text...

3. Explore the different options to amend the graph view, appearance and to save the graph.
Use Chart Style to label axes.

23|



24 ‘ 5. Loaded Soil Tutorial

24 |

2. Toggle between grid results by using the Grid Up and Grid Down icons ( *

—
=

Contours
Select the Contours icon. View the line contours for Grid 1.
Choose Graphics > Grid Results > Set Contour Interval and set the contour interval to

10mm.
| Graphics | Window Help

Scaling k

Save image P E T | el

Font »

Toggle items r

Grid results » Mext grid results

Templates 4 Previous grid results

Label objects k Set contour interval

Input k Annotate

Reset defaults I 100.0 I----

The following view will show.

_ Settlement !_:nnlm_lrs : Gr_lu:l 1 al_ﬂ.ﬂm

-10
120.0 ;.m
1000 [ S — - 10
A : A S =]
i 0o ! 0: ! [ ¥
8000 [~ i T T o s - : 3 N A— | — 40
i ] p 4] : ’ | 50
i x\ I g ) : : i %g
60.00 COIN A * &0
wio [+ N A B
| {,- :/ | iy 1 j 1
2000 [T e -fx?ifi\-—-— WEEE \'\ """"" ;T 13
e YK ' ; 1
Y S 3
| ro b .. i
-20.00 ‘fg ,JLji Jh % u....,: .....
W7 Saon =i e ="
~000 [ ] ?{ j S 2 I 1 1
L] I = o T e :
6000 [Coocreeee - I;'r -ﬁ‘a_;._;n__ '.ll\i.. ,\ = | ..... oo
R = A
8000 [F :';{‘\D.:“L———Q S
1000 [T

1200 8000 -40.00 0 “T4000 800D 1200

Scale x 11612 y 1.1612
Contour Interval: 10mm X[m]

f @ )

Show settlement at specific points using the Annotate icon.
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)

Y [m)

25 |

Select the Fill Contour icon to view the filled contours:

Settlement Contours : Grid 1 at 0.0m

120.0

100.0

80.00

60.00

40.00

20.00

-120.0 -80.00 -40.00 0 40.00 80.00 120.0

Scalex 1:1612 y 11612
Contour Interval: 50mm X [m]

Note:
Assess the impact of changing the number of intervals in the Grids on the contour output:

a) Use File > Save As to save a test file

b) Change the grid intervals in the x and y direction to 3 to assess the impact of
decreasing the grid intervals on the output file.

) Change the grid intervals in the x and y direction to 30 to assess the impact of
increasing the grid intervals on the output file.

Having looked at the file, it is evident that the file with fewer intervals does not show

maximum values for settlement.

If the grid interval produces distances between grid points which are larger than the width of
the load, the grid points may not pick up the point of largest settlement.
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Exporting Contours

1. Go to File > Export > CSV Results File

2. Choose the following option to output the contours and select OK:
CSV Results File Output Selection ot

Displacement Results
[¥] Grids, lines and points

|| Load centres

] Intermediate poinls

("] skip duplicate locations
Contours

Displacement Grid all -

V] Resultant Contour interval 10 mm
X direction k nterya 1e+006
Y direction ber 1e+006

|| Z direction Contour interval 10 mm

Building Damage Results

Uncombined Segments

Combined Segments

Lox | [ come |

(Note: X and Y settlements are not shown as these are not calculated for the Boussinesq
method)

3. Save the csv file and review the outputs.

(Note: Section 4.4 of the User Manual will explain how the csv results file could be
interpreted for a CAD drawing.)

26 |



27 | 5. Loaded Soil Tutorial

5.2.3 Cross Section

1. Double click on Cross Section in the Output section of the Gateway
2. Use the toolbar to view the loads in relation to the soil stratigraphy.

Toolbar:
— o
B 1 (@&
View:
Croms secRion view of deia
ppeol USRS S S S OSSO S 7 P N S S— I
U ' : - -
-5 000 | F . 1 i [‘2" i
5 -0 t . . :
E 18,00 EI?I 4 ! %
= e B
2800 |
=00
1200 £0.00 & =l hi] -] 40,00 BO.0G 1200
Soale x 1748 y 1748 -

27 |
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5.2.4 Graphical Output

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

N Select the Wizard icon or right click on the view and select Settings Wizard

2. Choose the appropriate options to get the following graphical view:

< Tutorial 1 Finalpdd : Graghics 30 == =

Graphic Display: SollProfles - Foints - Lines - Gnds - Loads

Digplacernen] Grids
=20 mm

L 20 40
406D mm
L B0 ;80 mm
L 80100 mm
100 120 mm
120140 mm
140 160 mm
L 160 180 mm
= 180 mm

=== Displacement Lings
= Displacament Points

"

Hint:

Selecting the Wire Frame grid on the Soil property page allows the user to view loads and
contours.

The outputs include the deflected displacement line and line contours of settlements

28 |
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5.2.5 Soil Column Displacement

1. Double click on Soil Column Displacement in the Output section of the Gateway

2. Choose to view the displacement at point (20, 0) in plan.

9 Turtorial 1 Firal.pdd : Soil Column Displacements

Coordrubi of B poanl ®fm] 0 ¥ Su000 Dapiacamint Typs |2

Displacement vs Level graph for x [m] = 20,000 and y [m] = 0_000

Z-Despiecenent [mm]
300 4.0

50

-5.00

=— Displacement vs Lavel

Layer 1
Linyar 2
Layer 3

Layar &
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5.2.6 Printing Outputs

1. Select Tools > Preferences
2. Apply your company details

Preferences W IE—_——
Numeric Format Info
Eni - E o Company

Scientific ] significant figures
Smallest value distinguished from zero  1e-006

r————

[V]save fleevery 10 % minutes

[ ] show welcome screen

s e e senn ]

3. View your output using Print Preview
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6. Graphical Input Tutorial

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

e Input background bitmaps to inputs
e Graphically input loads, soil zones and displacement points
e Run a Mindlin analysis

31|
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3.1 Analysis Description

The following is a scaled drawing of a building with column loadings at surface level (10mOD) and
the path of an underground train tunnel below the building (crest at z=5mQOD).

The building is due to be demolished and the Asset Owners require prediction of the actual and
differential settlements that will occur at the crest of the tunnel.

Soil Zone 1 — Soil Profile 1 Soil Zone 2 — Soil Profile 2
v L5m _
- rd
A —
B g
™ 150U 100 ke Pa 00 Iba 120 Wfa
7 eyl / .
20m

\SOkPa . 100 Wha 10 fa 130 i fa

T L}
4 KES:
D - column, Area

-~ - ftath of w\dd‘g( ound tumel
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3.2

33|

1.

Graphical Input
Start a new Pdisp file

Fill the Titles and Units section

Complete the Analysis Parameters section as follows:

4 Pdispl : Analysis Parameters o | @ |
Analyzis method
@ Mindlin ) Boussinesq
"] Legacy

Elashic analysis above loads
V] Calculate horizontal displacements
Stiffress for horizontal displacement calculations
@ Usze weighted average
() Use greatest stiffness
) Use stiffness at displacement paint.

Heave conection factor

[ Use legacy heave comection factar

Effect of soil above load

Include effect of soil above load in dampening displacements
below it for

[V] Vertical loads on horizontal planes
[¥] Horizontal loads on horizontal planes

0.2
M asamurn allowable ratio between values of E at 15
adiacent displacement levels [>1): )
Harizantal rigid boundany level [m 0D] -4

[ 7] GSA raft analysis data [V Displacements at load centraids
| Apph | [ Undo |

(Note: The legacy correction factor has not been chosen as the program defaults to the new
correction factor, which is outlined in Section 2.3.2 of the User Manual)
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34 |

4. Enter Soil Profiles as shown below:

Soil Profile 1
A B c | D E F
Level No of intermediate Young's modulus Poi .
Layer at top displacement [kNZm?] °';:_°“ $ Colous
[m] levels Top Bottom rane
Defaults 0.20
1 10.000 5 13000 13000 020
| 2 5.000 5 25000 25000 0.20
3 2.500 5 20000 20000 0.20
4 0. 000 i) 23000 29000 0.21
5 -5.000 5 30000 30000 0.22
B
Soil Profile 2
A B c | D E F
Level No of intermediate Young's modulus Poi .
Layer at top displacement [kN/n?] ons:p B Colour
[m] levels Top Bottom ratio
Defaults 0.20
1 10,000 5 22000 22000 0.21
12 £.000 5 18000 18000 0.20
3 £.000 5 25000 25000 0.20
4 0.000 5 17000 17000 0.20
5 -5.000 5 24000 24000 020
E 6,000 ] 12000 13000 0.20
7
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5. Double click on Graphical Input in the Gateway

eme Click on the bitmap icon and insert Graphical Input.omp to the scale shown in Section 3.1.

120.0
100.0
80.00
60.00
40.00

20.00

-20.00
-40.00
-60.00
-80.00

-100.0

-120.0 -80.00 -40.00 0 40.00 80.00 120.0
Scale x 1:1686 y 1:1686
6. Zoom into the area around the image by left clicking and pulling a window around it.

Click on the Soil Zones icon to plot Soil Zone 1 and Soil Zone 2.
Check the Soil Zones table to adjust the co-ordinates if necessary

Use the Displacement Line icon to draw the line along the path of the tunnel. Specify the
level in accordance with Section 3.1.

Select the best interval for the displacement line, remembering that the load width is 2m.
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& Use the Load icon to input the loads as shown in the diagram. Specify the level in accordance
with Section 3.1.

(Hint: Consider modelling demolition loads, which act in the negative direction.)

20.00

1500 [ ' " — e

10.00

5.000

e R B e s

-5.000

-1000 [T T :

00 [+ e
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Use the Grid icon to create a surface grid around the building with suitable intervals.

20.00

1500 [

|||||||||||||||||||||||||||||||||||||||||||||||||||
rrrrrrrrrrrrrrrrr

...................................................
1000 [ THHEEE : SRR

5000 [~ ] e T E """"

il
FR

5.000 [~ :

m
L]

Ll

1000 [T 1 TR

s [T —— e TR —

-20.00 -10.00 0 10.00 20.00
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3.3

1.

2. Run the analysis

Analysis and Outputs

Check all the inputs and save

3. Determine the following from your analysis:
Maximum settlement and point of maximum settlement along the crest of the

a.

underground line

Maximum gradient of settlement along the underground line

Maximum settlement occurring at the surface of the demolition

Maximum settlement at a point occurring 5m from the boundary of the building

Maximum x and y displacements occurring at the surface of the demolition

4. Produce the following line graph from your analysis:

38 |

[ 1 Graphicel Input pdd : Line Displacement

B8 Sc® =)

Displacement for Line 1

5 Settgneni pne)

Dutancs fram (138771 2803 nm

is0 200 250

==— Lint Diaplacemesi
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39 |

5.

Produce the following Graphical Output for your analysis:

f
¥ Graphical Input.pdd : Graphics 30 =0 EcR—=™

Graphic Display; SoilProfiles - Lines - Grids - Loads
Loads : Mo data

EEE Displacement Grids
== Displacement Lines

| L | e

(Hint: The Output shows the deflected displacement grid and displacement line)



