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Introducing Repute 3
Repute® provides a rich set of capabilities for engineers to
design/analyse:

e various types of single pile, including bored, driven, tubular,
precast concrete, and spun piles

e using various design standards, including the second-generation
Eurocode 7 (EN 1997-3:2025) and BS 8004:2015

e pile groups under generalized 3-dimensional loading, using linear
or non-linear soil models

e pile groups with fully rigid or fully flexible pile caps

Repute considers single pile response using a variety of calculation
methods for ultimate and serviceability limit states. Both traditional
lumped factors-of-safety and modern partial factors can be applied in
these calculations.

Repute analyses pile group behaviour using the boundary element
method, employing the leading analytical program PGroupN (developed
by and included under exclusive licence from Geomarc). PGroupN
provides a complete 3D non-linear boundary element solution of the soil
continuum, which overcomes limitations of traditional interaction factor
methods and gives more realistic predictions of deformations and the load
distribution between piles.

What’s new in Repute 3°?

New features

e Added analysis of fully-flexible pile caps

e Added 7" tutorial in the Quick-start Guide demonstrating the fully-
flexible pile cap options

e Full implementation of the second-generation Eurocode 7 (EN
1997-3:2015)

e Support for octagonal and polygonal (e.g. L-shaped) piles caps

e Added ability to save input and output files in a single RPZ (aka
ZIP) file
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Boundary element results automatically saved in RPZ file

64-bit build provides faster performance and allows much larger
pile groups to be analysed

Completely redesigned Drawing Board

Adds standard page sizes (A3/A4/A5 etc) to the Drawing Board
Project files save last drawing settings separately for each scenario
Added wide range of skin, palette, and Ribbon options in the user
interface

Added Backstage View similar to Microsoft Word and Excel
Added templates for many common piled foundations

Improved features

Simplified the boundary element analysis options

Configuration files moved to AppData > Roaming folder to ensure
User has access without Admin privileges

Added prompt to delete temporary files if detected at program
startup

Updated Quick-Start Tutorial

Documentation

Repute is supplied with a detailed Quick-start Guide, comprehensive User
Manual, and authoritative Reference Manual. The latest versions of these
manuals (including any corrections and/or additions since the program’s
first release) are available in electronic (Adobe® Acrobat®) format from
the Geocentrix website. (www.geocentrix.co.uk/repute and follow links to
Repute’s documentation).

Quick-Start guide (this document)

The Repute 3 Quick-Start Guide includes seven tutorials that show you
how to use the main features of Repute. Each tutorial provides step-by-
step instructions on how to drive the program. There are three tutorials
dealing with single pile design and four with pile group design. The
tutorials increase in difficulty and are designed to be followed in order.
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User manual

The Repute 3 User Manual explains how to use Repute. It provides a
detailed description of the program’s user interface and explains how to
employ it to maximum effect.

Reference manual

The Repute 3 Reference Manual gives detailed information about the
engineering theory that underpins Repute’s calculations. The manual
assumes you have a working knowledge of the geotechnical design of
single piles and pile groups but provides appropriate references for further
study if you do not.

Help system

Repute’s help system contains detailed information about the program,
including most of the content of the Quick-Start Guide, User Manual, and
Reference Manual - plus additional information that is not found in any of
these documents.

Help appears in a separate window to Repute, allowing you to view the
help topics while you continue to work with Repute itself. To open the
help system:

e Press Fl
e C(Click the Help button in any dialog box

e Click on the Help button on the right-hand side
of Repute’s Ribbon

Note

Screenshots in this document were produced on Windows 11. Their
appearance may differ on your computer. Not all options are available in
every edition of Repute.

In this document, ' [Tutorials]’ refers to the folder where the tutorials
that ship with Repute were installed, typically here:

C:\Users\Public\Documents\Geocentrix\Repute\3.0\Tutorials
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Software Re-Assurance™

Software Re-Assurance for Repute (including updates, upgrades, and
technical support) is available directly from Geocentrix or through your
local distributor. To obtain Re-Assurance, contact Geocentrix as follows:

Repute Technical Support

Geocentrix Ltd

Larchwood, 10a Cunningham Road, Banstead, Surrey, SM7 3HG, UK
T | +44 (0)1737 200045

E | support@geocentrix.co.uk

W | www.geocentrix.co.uk/support

Please quote your licence number when contacting technical support
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Tutorial 1. H-pile in clay and sand

Introduction
This tutorial demonstrates the basic features of Repute, through a worked
example involving the analysis of a single H-pile installed in clay and sand:

Ground conditions comprise 5 m of clay overlying 20 m of dense
sand. The clay has unit weight of 20.5 kN/m?, angle of shearing
resistance of 23 °, and undrained shear strength of 60 kPa. The
sand has unit weight of 18 kN/m?* and angle of shearing resistance
of 35°.

The foundation comprises a 305 x 305 x 95 H-pile of steel grade
S275.

A vertical load of 700 kN is to be applied to the pile.

You want to determine the minimum length of pile needed to
safely carry the applied action according to traditional UK
practice.

This tutorial is written for users of the Standard, Enterprise, and Trial
Editions of Repute only. Users of the Professional Edition should look at
Tutorials 4-7.

Overview

In Step 1, you will use the Project Wizard to enter project
information, select a design standard, and create scenarios to
represent short- and long-term conditions.

In Step 2, you will use the Borehole Wizard to create a borehole
containing clay and sand layers.

In Step 3, you will create an H-pile and specify its cross-section
and steel grade.

In Step 4, you will create the force applied to the pile.

In Step 5, you will use the Calculation Wizard to create the
calculations you want Repute to perform.

In Step 6, you will perform the calculations and review the results.
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e In Step 7, you will produce a report summarising the results of the
calculations.
e In Step 8, you will close (and optionally save) the project.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that should appear. Once the splash screen has
disappeared, Repute displays its Welcome screen.

If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already
done so.)

Step 1 —create the project

In Step 1, you will use the Project Wizard to enter project information,
select a design standard, and create scenarios to represent short- and
long-term conditions.

1. Open the Project Wizard LN
by selecting the Wizards :
tab on Repute’s ribbon and B%

Proj
Wizard...

clicking on the Project Wt
Wizard button.

2. When the Wizard appears, type Tutorial 1 inthe Project
name box. Choose the folder where you want to save this
project by using the Path control. (If you do not change the
setting here, it will be saved on your Desktop.)

3. Enter H-pile in clay and sand in the Description box
and 01 in the Project ID box.



Repute 3 Quick-Start Guide Page |13

Project Wizard x

1. Enter the administrative details for your project

Project name Tutorial 1
path [ Desktop
Description H-pile in dlay and sand
Project ID o1]

@ | Qs | Ot | Ot

4. Click Next to display the next page (the standards that appear
depend on which edition of Repute you are running). Select
BS 8004:2015 by clicking on the relevant checkbox (a tick
mark appears when a standard is selected).

Project Wizard x

2. Select the design standards you want to use in this proj

AS 2159:2009 EN 1997:2024 (all parts)
85 2004:1985 1S 2011:2010
| BS 8004:2015 IS EN 15997-1:2005
BS EN 1997-1:2004 NTC 2008
Custom Design Standard NTC 2018
EN 1997-1:2004 SS EN 1997-1:2010
Al None

O cowd |[ Qe || Otiei [y ) meh

5. Click Next to display the next page. Increase the Number of
scenarios to 2 and then change the Design Situation of
Scenario 1 to Transient but leave Scenario 2 as
Persistent.
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) Cancel Q) Back
6. Click Next to display the final page. If you wish to review any
of the settings you have made, click Back to return to the
relevant page.
7. When you are ready, click Finish to generate the project. The
Project Wizard then:
e creates Site 1, Ground Surface 1, Design
Standard 1,and Situations 1 and 2
e adds Ground Surface 1to Situations 1 and?2

© Next D D Fiish

e creates and saves a new project named Tutorial
1. rptz with all these items

8. You can view these items by right- 8 Projecttanger F X

clicking anywhere inside the Project
Manager to display its context
menu and selecting the Expand All
command. The Project Manager will
then look as shown in the picture
alongside.

To view the properties of any
particular item, first select that item
in the Project Manager (e.g. Site
1) and then display its Property
Inspector by:

E--E Project Information
Elﬁ Project Information
[—]—-{gﬂ Geometry
=g Ground Surfaces
- Ground Surface 1
[—]E Design Standards
=% Limit State Standards
ibsl Design Standard 1
El-# Scenarios
Bl Situations
-’@ Situation 1
LfE Situgtion 2

e right-clicking on the item and choosing the Properties...

command on its context menu, or

e double-clicking on the item
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10. The program’s Property Inspector will open and display the
properties of the selected item. (For | fe propertytaspector *ox
. . . ~ General
example, for Site 1 the Description Name ste 1
is shown as H-pile in clay . g
. Notes Created by the Project W ~
and sand and the Project ID as e o
O l ) Efeﬁsj::t:;n E:::ile in day and sand
Address
Links
You will find everything you’ve done so far in ¥ il opins
. Show drawing v
the file: <how rame
> Help

[Tutorials]\Tutorial 1\Step 1l.rptz

Step 2 — create the borehole
In Step 2, you will use the Borehole Wizard to create a borehole
containing clay and sand layers.

1.

Open the Borehole Wizard
by selecting the Wizards tab

o Home  Insert  Scenaric  Bulld  Wizards

on Repute’s ribbon and then Eﬁe MEW A{& umn ,mr’.
C“cking On the Borehole W\zard.t \RT:;::'S ‘Wizard... ‘Wizard... Gre

Wizard button.
When the Wizard appears, increase the number of layers to 2.

1. How many layers do you want to create?

Click Next to display page 2 of the Wizard. Change Layer 1 to
Clay, its Thickness to 5 m, and its Weight density to
20.5 kN/m’. Leave Layer 2 as Sand but change its thickness to

20 m and weight density to 18 kN/m’.

2. Please specify the thickness and ground type of each layer

Laye Ground type Thickness Weight density
1 Clay - 5m 20.5 kN/m3
M2 Sand - 20m 18 kN/m3

Click Next to display page 3. Change the Internal friction of
Layer 1 to 23° and that of Layer 2 to 35°. Leave the Cohesion
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of both soils unchanged at 0 kPa and the At Critical State?
boxes unchecked.

3. Please enter the drained strength properties of each soil

Lay Soil Type Internal friction Cohesion At Critical
1 Clay 23 = 0 kPa
2 2 Sand 350 0 kPa
5. Click Next to display page 4. Change the Undrained Strength

(top) and Undrained Strength (bottom) of Layer 1 to 60 kPa.
Note that Soil 2 does not appear on this page, since - being a
sand - it does not have undrained strength.

4. Please enter the undrained properties of each fine soil

Lave Sail Type Undrained Strength (to| | Undrained strength (bo

/1 Clay 60 kPa

6. Click Next to display page 5. Since the ground profile does not
include rock, there is nothing to set on this page.

7. Click Next to display page 6. Leave the stiffness properties (i.e.
Shear modulus) of both layers unchanged.

8. Click Next to display page 7. Click All to ST ——
select both scenarios.

9. Click Next to display the final page. If you 7] situation 1

wish to review any of the settings you
have made, click Back to return to the
relevant page. ] situation 2
10. When you are ready, click Finish to
generate the borehole. The Borehole
Wizard then: B[ none
e creates Borehole 1, Layers 1 -
and 2, and Soils 1 and 2
e links Soil 1toLayer 1 and Soil 2to Layer 2
e adds Layers 1 and 2 to Borehole 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 1\Step 2.rptz
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Step 3 — create the pile
In Step 3, you will create an H-pile and specify its cross-section and steel

grade.

1.

Open the EREINIEINR
Stockyard by Fie  Home ment Scenar ETR—— T——
selecting the W%E N,Dm. c!{m sp[jf, % REV-EW E _%g Em SE.
View tab on Desktops o
Repute’s ribbon and then clicking on the Construct button.
When the program has switched to its Construction Desktop
(in which the Drawing Board, Project Manager, and
Stockyard are displayed), right-click anywhere inside the
Stockyard to display its context menu and select the Sections
> Bearing Piles command. The Bearing Piles group will open.
Create the section by selecting the eterinran] I X
item labelled UKBP 305x305x95,

Bearing Piles
right-clicking to display its context
. T HP10x57
menu, and then selecting the s g™ . P
command Create ‘UKBP
305x305x95’. The newly created B

hOt-rO”ed section will appear in the T UKBP 305x305x 79
Project Manager (under Sections > T UKBP 305x305x 88

Bearing Piles) as Section 1. T UKBP 305:305x 95 &
Next, right-click anywhere inside the | T UKEP305:305d10 ™

. . 05305 UKBP 3051305 95
Stockyard to display its context T uKeP 305305 UKEP 30560505

T UKBP 305x305x14%
T UKBP 305:305x186

menu and select the Materials >
Steels command. The Steels group
will open.

Create the steel by holding the Ctrl key down and clicking on
the item labelled $275. (When the Ctrl key is pressed, Repute
automatically creates any item that you select in the
Stockyard. This saves you the effort of displaying the popup
menu each time you want to create a new item.) The newly
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created steel will appear in the Project Manager (under
Materials > Steels) as Steel 1.

6. Finally, click on the Stockyard’s %) stockyard 2 X
Structural Elements caption (near
the bottom of the Stockyard). The
Structural Elements panel will open.

Structural Elements

= , 2
= Augered Pile

7. Create the pile by holding the Ctrl ; iiorr:::::mu
key down and clicking on the item H e ° 3
labelled H-pile. The newly & Hexagonal Pile Cap
created pile will appear in the B Micropile
Project Manager (under Structural @ Octagonal Pile Cap
Elements > Piles) as Pile 1. T pile Group

8. In the Project Manager, right-click [l Pipe Pile

| Polygonal Pile Cap

on Pile 1 to display its context
ﬁ Precast Pile

menu and select the Properties... .
Rectangular Pile Cap

command. The Property Inspector B Spun Pile

will appear.

9. In the Property Inspector, change

the Material Name (under Material

Properties) from Not specifiedto Steel 1. Then change

the Section Name (under Section Properties) from Not

specifiedto Section 1. Leave all other properties of the

pile unchanged.

& Triangular Pile Cap

10. Returning to the Project Manager, 8 Property Inspector : X
select Situation 1 (under =
Scenarios > Situations) and, in its s
Property Inspector, place a tick ot crested by theProject -
nextto Pile 1 (under Structural Lt :
Elements > Piles) to add the pile to e
this scenario. The Drawing Board et ements :
will refresh. "

- Repeat the previous instruction for | e P
Situation 2. it =

12.  In this step, you have: e

e created Steel 1, Section 1,and Pile 1
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o linked Section 1 and Steel 1toPile 1
e added Pile 1to Situations 1 and?2

13. With Situation 2 selected in the Property Inspector,
under Drawing Board, change the Page size to A4, Page
orientation to Landscape, Viewing plane to Cross-section, and
Scale to 1:200.

14. The Drawing Board will now look something like this:

You will find everything you’ve done so far in the file:
[Tutorials]\Tutorial 1\Step 3.rptz

Step 4 — create the force
In Step 4, you will create the force applied to the pile.

1. Openthe

Stockyard's me Inset Scensio  Buld  Wisrds Tools Llicence View  Drowing

. . _
Acionspanel @ 3 B £ N T €
by Selectlng Ground GMrnoudr;Id §£Ir:;‘t:rr|:\ Section  Geometriy A(tm?’r Sg::ti:lgarr‘d Algorithm 5
the Insert tab —

on Repute’s ribbon and then clicking on the Action button.
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2. The Actions group will open in the Stockyard. Hold the Ctrl
key down and click on the item labelled Force.

3. The newly created force will appear in the Project Manager
(under Actions > Forces).

4. In the Property Inspector, change the Variability of Force 1
(under Options) to Permanent and
the value of Fz (under Components ;'*’G"“"’E‘I"”“"E“‘" .
of Action) to 700 kN. The Resultant “ Fore 1
will automatically change to 700 F
kN. e

5. Change the Tether to ... item to ¥ ettivefostion —
Pile 1. This will ensure that the | e o
force’s plan position will always e re— T
match the pile’s plan position, even | %, —
if the pile is moved. T

6. In the Project Manager, select ¥ — o

OkN
700 kM

Situation 1 (under Scenarios >
Situations) and then, in its Property

Inspector, place a tick next to ; ;";';;vom;
Force 1 (under Actions > Forces) o erns
to add the action to this scenario. 2 ek

7. Repeat the previous instruction for
Situation 2.

8. In this step, you have:

e created Force 1
e added Force 1to Situations 1 and?2
9. With Situation 2 selected in the Property Inspector,
under Drawing Board, change the Force scale (kN/m) to 200.
10. The Drawing Board will now look something like this:
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You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 1\Step 4.rptz

Step 5 — create the calculations
In Step 5, you will use the Calculation Wizard to create the calculations
you want to perform.

1.

Open the Calculation
Wizard by Select'ng the File Home Insert Scenario Build Wizards Tool:

Wizards tab on P+ | @ ﬂ _ 13

’ H Borehole  Pile Group  Action = Calculation Import Pile
ReDUte S rlbbon and Wizard... Wizard...  Wizard... Wizard... Group...
Wizards Im

then clicking on the
Calculation Wizard button.
When the Wizard appears, select Longitudinal ULS. (The
calculations that appear here depend on which edition of
Repute you are running.)
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1. Select the calculations you want to create

Boundary Element Analysis

Fleming's Analysis

Randolph's Analysis

Click Next to display page 2 of the Wizard. Select Design

Standard 1 (this is the BS 8004:2015 design standard

created in Step 1 of this tutorial).

Click Next to display page 3. Click All to select both situations.

Click Next to display the final page of the Wizard. If you wish

to review any of the settings you have made, click Back to

return to the relevant page.

When you are ready, click Finish to generate the calculations.

The Calculation Wizard then:

e creates Calculations 1 and 2

e links Situation 1toCalculation 1 and
Situation 2to Calculation 2

e links Design Standard 1 to Calculations 1 and?2

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 1\Step 5.rptz

Step 6 — perform and review the calculations
In Step 6, you will perform the calculations and review the results.

1.

Run the S

Build Wizards Tools Licence Wiew Drawing Board

calculations
r L 2 2 & £5EE
H <= <> <>
by SeleCtlng Schedule  Validate Run Re-un | Schedule Validate  Run  Re-run
R , Situation 2 Situation2  Situation 2 Situation 2 Al AL AN Al
the Bulld Build Current Scenario Bu\ldAHS(Enarms{/
tab on

Repute’s ribbon and then clicking on the Run All button.
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2.

Repute will perform all the calculations that you have specified
(i.e. Calculations 1 and 2) and then change to its
Checking Desktop (which displays the Workbook and Graph
Paper).

You can switch to this display SRR

at any time by clicking on the 7% =° ™ = e o 0=
7 E2
Check button on the View tab 4 (& L&

ecify Checjm Review MNews  Drawing | Project  Stockyard
of Repute’s ribbon. Y

Board | Manager
Your screen will now look
something like this:

Em = o]

5.

The Graph Paper (central panel) shows:

o effects-of-actions (i.e. internal forces in the pile) increasing
slightly with depth (the red line)

e separate components of shaft and base resistances (the
blue and pink lines)

o the total compressive resistance (the green line)
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6. If you move the cursor over the lines on the graph it will
display spot values at key depths - in this way you can see
that the compressive resistance equals the effect of actions at

a depth of 13.5 m

7. The Workbook (top-left panel) shows the same information,
but in tabular format. Drag the right hand boundary of the
Workbook to the right to display its contents.

8. The Workbook contains a lot more information than is initially
shown. To display this additional information, click on the
button labelled * in the top-left-hand corner of the Workbook
(to the left of the heading Depth) and select the data you want

to see.
9. The Message Board (bottom panel) e
1 Depth F.d w,d
shows any warning or error - o i e
messages that were generated y
m| (an)

during the calculation. You should
review these messages to ensure

(Sorted)

Type

that the calculations have 2| besth
performed as you expected. Craumference
10. To view the results of the second Gross base area

calculation, select Calculation Notes

2 in the Project Manager. Repute o

| wi,d

will automatically update the <] phid
Workbook and Graph Paper with V] ad
this calculation’s data. Lot

You will find everything you’ve done so far in the file:
[Tutorials]\Tutorial 1\Step 6.rptz

Step 7 — produce a report
In Step 7, you will produce a report summarising your calculations.
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1. Display Repute’s
Reporter by ome Insert Scenario Build Wizards Tools Licence VI;!W Message Bo:
selecting the View A e B f

) lormal  Construct  Specify | Check Review News Drawing = Project  Stockyard Prog
tab on the ribbon & L o
and then clicking
on the Review button.

2. The Reporter will appear and automatically generate a report
together with a set of thumbnails.

Desktops

2 Reporter =
2 [ (3 Shew umbeails [] 0 B0 & &8 5 & s
Repute Report
Enginaar Made by Dats 0540372024
Project information (o)
— —
Name Siw 1 Description H-plle In doy and sand Project ID L
e ez o
D, IR Fl
o s
Notes Created by the Project Wizard on 2024 Mar 05
Geometrical abjects (m)
Genersl Location Dimensions
e
Category  Ground Surfaces z om
ol om
e et e P ot 8
Actions 1m)
— — —,
_____ S —
3. You can navigate around the report using the controls on the

Reporter tab on the ribbon: First Page, Previous Page, Next
Page, and Last Page. You can jump to specific pages by
clicking on the thumbnails on the left-hand side.

W3-

File ~ Home  Inset  Scemario  Build  Wisards  Teols  Licence  View  Reporter  Message Eoard
([ H [ 8 B L PR N
=

@ Materials ) Structural £ star

F Befrsh Ned Last | Fit  Fit  Zoom Zoom  Modify Prit | )

P Page Page = Width Height In  Out W% Sections  [if] Geometrical (i Alge

Layout Flements

4. You can also re-size the report using the Fit Width, Fit Height,
Zoom In, and Zoom Out controls.

5. You can choose what to include in your report by selecting or
deselecting individual items in the Elements group, then
clicking the Refresh button.
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6. Finally, you can output the report onto paper using the Print
command and choosing from the options provided in the
dialog box that appears on your screen.

Step 8 — close the project
In Step 8, you will close and - optionally - save the project. (Note: this is
not available in the Trial Edition.)

1. Close the project by clicking on the File menu’s Close
command.
2. If you have made changes to the project since it was last

saved, Repute will ask you if you want to save before
proceeding. Click the appropriate button to answer Yes or No.
3. Repute will then (if requested) save and close the project.

You will find a copy of the project in its final form here:

[Tutorials]\Tutorial 1\Tutorial 1.rptz

What next?
Tutorial 2 shows you how to perform Fleming’s hyperbolic analysis.
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Tutorial 2. Fleming’s hyperbolic analysis

Introduction

Tutorial 2 shows you how to construct a load vs displacement curve for a
single pile, using Fleming’s hyperbolic analysis, described in his 1992
Géotechnique paper A new method for single pile settlement prediction
and analysis (see vol. 42, no. 3, pp 411-425). This tutorial demonstrates
how to setup a calculation in Repute without using the program’s built-in
wizards, thereby showing you how versatile the program’s user interface
is.

The worked example is taken from Figure 6 in Fleming’s paper, which is
based upon from tests carried out at Wembley by Whitaker and Cooke.
We are interested in replicating the load vs displacement curve given by
Fleming’s analysis.

e Ground conditions at the site are not given in the paper, so we
will assume 25 m of London Clay with an undrained strength of
100 kPa and internal friction angle of 23°.

e The pile studied is a 12.2 m long, 775 mm diameter bored pile
made of concrete with Young’s modulus equal to 19.5 GPa.

o A vertical load of 200 tonnes (approximately 2000 kN) is applied
at the centre of the pile.

e The ultimate load that the pile can carry has been calculated
(separately) as 1994 kN on the shaft and 1002 kN from the base.
The soil modulus below the pile base is 33.125 MPa. Other
parameters used by Fleming are the shaft flexibility factor (0.0017
or 0.17%) and effective column length factor (0.45).

This tutorial is written for users of the Standard, Enterprise, and Trial
Editions of Repute only. Users of the Professional Edition should look at
Tutorials 4-7.

Overview

e In Step 1, you will enter project information about the site and the
Engineer.
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e In Step 2, you will define the site’s ground conditions.

e In Step 3, you will create a bored pile and specify its cross-section
and concrete grade.

e In Step 4, you will create the force applied to the pile.

e In Step 5, you will sleeve the pile through the made ground.

e In Step 6, you will create the scenario and calculation and link
various items together.

e In Step 7, you will perform the calculation and produce a report
showing the relationship between load and displacement.

e In Step 8, you will close (and optionally save) the project.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that appears. Once the splash screen has disappeared,
Repute displays its Welcome screen.

If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already
done so.)

Step 1 — create the project information
In Step 1, you will enter project information about the site and the
Engineer.

1. Click New on the program’s File
menu to create a blank project.
Alternatively, click on the New
button on the Quick-access toolbar,
located on the right-hand side of
Repute’s icon in the tile bar.

2. Open the Stockyard’s Project
Information group by selecting the Fle  Home Inset  Scenario
Insert t'ab.on Repute’s ri.bbon and = o A3 E
then CIlelng on the Pro]ect Project Ground  Ground  Struct

Information Model Eleme

Information button.
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3. In the Stockyard, hold the Ctr1 key down and click on the
item labelled Construction Site. A newly created site
will appear in the Project Manager (under Project Information
> Project Information).

4. In the Project Manager, double-click on the newly created site
(site 1) to open its Property Inspector.

5. In the Property Inspector, change 80 Property Inspector + x
the Name to Wembley; enter T
Fleming’s hyperbolic o
analysis in the Description box vwﬁi_ln_'ormatm B
and click OK to confirm what you SJ::D jgmgh””

Address

have typed; and, finally, enter i
Figure 6 inthe Project ID box.

6. Returning to the Stockyard, create a Party by holding down
the Ctrl key and clicking on the item labelled Party. A
newly created party will appear in the Project Manager (under
Project Information > Project Information) as Party 1 and
the Property Inspector will display its default properties.

7. In the Property Inspector, change the Name of the newly
created party to Whitaker and Cooke and the role to
Engineer (if not already selected).

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 2\Step 1l.rptz

Step 2 — create the ground conditions
In Step 2, you will define the site’s ground conditions.
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1.

Returning to the Stockyard, click on | [g stockyara %
the button labelled Common to Common
open the Common group, where _
you will find (amongst other items) Bored Pile
Borehole
Plane Ground. 2 0
ay
Hold the Ctrl key down and click b Conctruction S
X A% Construction Site
on the item labelled P1ane B Force
Ground to create it. 4! Ground Water Table
In the Property Inspector, change H H-pile
the Name Ground Surface 1to | & Party
M Pile Group

Horizontal ground surface

but leave the other (default) = E'EH:LGr-ound
properties unchanged. =
Back in the Stockyard, open the e

Grounds group so that you can BE Soil Layer

create a Clay. You may need to

click one of the small buttons at the bottom of the Stockyard
to display this group. You can move the mouse over each
button in turn to display a tooltip indicating which panels they
control. Create the Clay by Ctrl-clicking on it.

In the Property Inspector, change the Name of the new Clay
to London Clay and enter the following properties: under
the heading Strength > Drained Strength, Peak friction = 23°
and, under Strength > Undrained strength, Undrained
strength = 100 kPa.

In the Stockyard, open the Ground Model group and create
both a Soil Layer and a Borehole.

Select Layer 1 in the Project Manager and then (in the
Property Inspector) change its Name to Clay layer, its
Thickness to 25 m, and select London Clay in its Soil box
(under the heading Material).

Now select Borehole 1 in the Project Manager and (in the
Property Inspector) rename it Wembley borehole. Next,
press the Select ... button.
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9.

In the dialog box that appears, click on the >> button to move
Clay layer from the Available layers box to the Selected
layers box. Click OK to confirm the changes.

r
Select items to include in "Wembley borehole’

Luvailable: Selected:
Clay laper

O

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 2\Step 2.rptz

Step 3 —create the pile
In Step 3, you will create a bored pile and specify its cross-section and
concrete grade.

1.

Right-click on the Stockyard and select Materials > Concretes
from the pop-up menu that appears. Then Ctr1-click on the
concrete class C35/45.

In the Property Inspector, change B Property Inspector D &
the Name of the concrete to VGEr_"n:n::'
Fleming’s concrete and its S
Young’s modulus (E) to 19.5 GPa.

Open the Structural Elements 3 oo

~ Stiffnes:

group in the Stockyard and create a 2 rurgioiien) | mser
Bored Plle > Shear modulus (G I 8.13GP
In the Property Inspector, change the Length of the pile to

12.2 m and its Shaft diameter to 775 mm (its Base diameter
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will automatically increase to 775 mm). Finally, select
Fleming’s concrete in the Material name box.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 2\Step 3.rptz

Step 4 — create the force
In Step 4, you will create the force applied to the pile.

1. Open the Actions group in the foprvereectr -
Stockyard and create a Force.

2. In the Property Inspector, change the
Variability flag (under Options) to .
Permanent. o o

3. Change Fz (under Components of oo

action) to 2000 kN. The Resultant will
automatically change to 2000 kN.

e
Not specified

ok
ok
2000 kKN

> Resultant

You will find everything you've done so far in the | =2 i

> Jnclinatio

file:

[Tutorials]\Tutorial 2\Step 4.rptz

Step 5 —sleeve the pile
In Step 5, you will sleeve the pile through the made ground.

1. Open the Algorithms group in the Stockyard and create a No
contact algorithm.

2. In the Property Inspector, change 8o property tnspectar B_E
the Name of the algorithm to vg?:mr?

Length in made ground and its ‘
Custom depth to 1.4 m. Algorithm > | 2

Option will automatically change to | "% o

> Custom depth L4m

Custom depth. Under the heading |- somsie cacston

> Plasticity index 20%

Example Calculation, the No o
contact depth will also change to



Repute 3 Quick-Start Guide Page |33

1.4 m (which is depth of ground that the calculation will
ignore when calculating shaft friction).

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 2\Step 5.rptz

Step 6 — create the scenario and calculation

In Step 6, you will create the scenario and calculation and link various
items together.

1. Re-open the Common group in the Stockyard and create a
Situation.
2. In the Property Inspector, change the ~ "roome i

Situation 1

situation’s Duration to Transient (if
not already set).

3. Then, tick the following items so that
they appear in this scenario:

~ Structural Elements
~ Piles

e Wembley borehole (found e

Pile Groups
~ Geometry

under Ground Model > s —
Boreholes) =

e Horizontal ground (under
Geometry)

e Pile 1 (under Structural Elements > Piles)

e Force 1 (under Actions > Forces)

4, As you do so, these items will appear on the Drawing Board:
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Open the Calculations group in the Stockyard and create a
Fleming’s Analysis.

In the Property Inspector, set the Scenario to Situation 1
and the No contact algorithm to Length in made

ground.

Enter the following values for the 8o Property Tnspector P ox
calculation’s other properties: e canitr
Ultimate shaft load (Us) = 1994 :E H‘l‘»:tw‘u
kN; Ultimate base load (Ub) = It

1002 kN; Base stiffness (Eb) = Scenero Siston 1

Design Standard

33.125 MPa; Shaft flexibility (Ms) = |~ oo

Drainage condition @) Drained Undrained

0.17%; and Effective column length |~ mdae

> Ultimate shaft load (Us) 1994 kN
(Ke) = 45%. These values are taken ) uneesekl ()] oo
directly from Fleming's paper. e Lir%
Finally, set the Maximum B — T
~ Algorithms

settlement ratio to 1%. This
controls how much of the load vs
displacement curve is generated.
You want to go up to about 8 mm displacement, which is 1%
of the pile diameter.

v Status
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You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 2\Step 6.rptz

Step 7 — perform and review the calculation

In Step 7, you will perform the calculation and produce a report showing
the relationship between load and displacement.

1. Run the calculation by
selecting the Build tab Fle  Home Inset Scenaio  Build  Wissrds  Tool
on Repute’s ribbon and 2 £ ;é‘;{ X
then clicking on the Cooition 1 Cabuaen 1 [ e
button labelled Run el calesen
Calculation 1.

2. Repute performs the calculation and then displays the

Workbook, Graph Paper, Project Manager, and Message
Board. (aka its Check View).
3. The Graph Paper displays a graph which is near-identical to
Figure 6 in Fleming’s paper, showing base load vs
displacement (in blue), shaft load (in pink), and total load (in
green). If you move your mouse over the lines, you will see
spot values as shown below.

4. f you expand the width Workbook, you can see the data on
which this graph is based.
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[ Workbook B *

Drag a column header here to group by that column

Actions Effects of Actions
Pile head Elastic Total
Sha(fktIJ)oad Basﬂzﬁad Totﬂi“:?ad setlement | shortening | setiement
(mm) (mm) (mm)
i} 0 0 0 i} 0
29.125 0,835 29.96 0.02 0.02 0.04
58.227 1.693 DoLE0 0.04 0.041 0.08
87.305 2.575 89.88 0.06 0.061 0.121
daoii6. sema S0 B gimacs.| gosaeesm 0.ogmetn e | ae
E pr N Adur
940.74 1.177 1.85
968.124 1.243 1.937
995.394 1043.6 1.313 2,027
1022542 1078. 586 1.387 SRR
1N48 551 58 5o 1108 52 1 484 0754 7 719
=Filter is Empty > Customize. ..
bR
= soils | Bl Borehole ] Pile Group | % Combination of Actions | [l Fleming' 3
Calculation 1 Fleming's Analysis

Step 8 — close the project
In Step 8, you will close and - optionally - save the project. (Note: this is
not available in the Trial Edition.)

1. Close the project by clicking on the File menu’s Close
command.
2. If you have made changes to the project since it was last

saved, Repute will ask you if you want to save before
proceeding. Answer Yes or No by clicking the appropriate

button.
3. Repute will then (if requested) save and close the project.

You will find a copy of the project in its final form here:
[Tutorials|\Tutorial 2\Tutorial 2.rptz

What next?
Tutorial 3 shows you how to design a single pile in accordance with the
requirements of Eurocode 7.
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Tutorial 3. Single pile design to Eurocode 7

Introduction

Tutorial 3 shows you how to design a single pile according to the
requirements of Eurocode 7. The worked example is taken from Chapter
13 of the book Decoding Eurocode 7 by Bond and Harris (2008), London:
Taylor and Francis.

e Ground conditions comprise 8 m of medium strength sandy CLAY
overlying medium dense gravelly SAND. The clay has a
representative undrained strength of 45 kPa and a representative
weight density of 18.5 kN/m’. The sand has a representative peak
internal friction angle of 36°, zero effective cohesion, and
representative weight density of 20 kN/m?. The sand’s constant-
volume angle of shearing-resistance is 33°.

e Groundwater at the site is at 1T m depth and skin friction above
groundwater will be ignored.

e The pile studied is a 10 m long, 400 mm square pile made of
concrete with characteristic weight density of 25 kN/m’.

e Vertical loads of 650 kN (permanent) and 250 kN (variable) will
be applied to the pile.

e You want to determine the minimum pile length required by
Eurocode 7 according to the National Annexes published in
Ireland and in the United Kingdom.

Full hand calculations for this example are given as Examples 13.1 and
13.2 in Bond and Harris (2008).

This tutorial is written for users of the Standard, Enterprise, and Trial
Editions of Repute only. Users of the Professional Edition should look at
Tutorials 4-7.
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Overview

In Step 1, you will use the Project Wizard to enter project
information, select design standards, and create a scenario to
represent short-term conditions.

In Step 2, you will use the Borehole Wizard to create a borehole
containing the clay and sand layers.

In Step 3, you will add a water table to the scenario.

In Step 4, you will create a pile and specify its cross-section and
concrete grade.

In Step 5, you will use the Action Wizard to create the forces
applied to the pile.

In Step 6, you will use the Calculation Wizard to create a
calculation and specify the design standard to use in that
calculation.

In Step 7, you will specify precise details of how you want the
calculation to be performed.

In Step 8, you will perform the calculations and review the results.
In Step 9, you will create a second calculation, identical to the first
but based on the UK National Annex to Eurocode 7.

In Step 10, you will close (and optionally save) the project.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that should appear. Once the splash screen has
disappeared, Repute displays its Welcome screen.

If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already
done so.)

Step 1 — create the project

In Step 1, you will use the Project Wizard to enter project information,
select design standards, and create a scenario to represent short-term
conditions.
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1. Open the Project
Wizard by selecting the Fle  Home Insat Scenao  Buld  Waards  Tools
Wizards tab on %
Repute’s ribbon and Winn.

Wizards Imp.

then clicking on the
Project Wizard button.

1. When the Wizard appears, type Tutorial 3 in the Project
name box. Choose the folder where you want to save this
project by using the Path control. By default, Repute will save
the project on your Desktop.

2. Enter Single pile design to first-generation
Eurocode 7: 2004 in the Description box and 03 in the
Project ID box.

Project Wizard X
1. Enter the administrative details for your project

Project name Tuterial 3

Path [ Desktop
Description Single pile design ta first-generation Eurocode
7
Project ID 03
©) Cancel (D Back © Newt £) Finish
3. Click Next to display page 2 of the Wizard. The design

standards that appear here depend on which edition of
Repute you are running (the Enterprise Edition supports more
design standards than the Standard and Professional editions).

4, Select BS EN 1997-1:2004 and IS EN 1997-1:2005 by
clicking on the relevant check boxes (a tick mark appears next
to a standard when it is selected).
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2. Select the design standards you want to use in this proj
AS 2159:2009 EN 1997:2024 (all parts)

BS 8004:19386 IS5 2911:2010

+| BS EN 1997-1:2004 NTC 2008
Custom Design Standard NTC 2018
EN 1997-1:2004 S5 EN 1997-1:2010
5. Click Next to display page 3. Keep the Number of scenarios
as 1 but change the Design Situation of Scenario 1 to
Transient.

3. Define the scenarios to create in this project

Number of scenarios 1

Scenario Design Situation

#| 1 Transient

6. Click Next to display the final page of the Wizard. If you wish
to review any of the settings you have made, click Back to
return to the relevant page.
7. Click Finish to generate the project. The Project Wizard then:
e creates Site 1, Ground Surface 1, Design
Standards 1 and 2, and Situation 1

e adds Ground Surface 1to Situation 1

e creates a new project named Tutorial 3.rptz
containing all these items

8. Finally, rename the design standards to make it easier to
identify them later, as follows ...
9. In the Project Manager, right-click on Design Standard 1

(under Design Standards > Limit State Standards) and select
Properties .... The Property Inspector will appear. Change the
Name of this standard to EC7 with UK NA.

10. Repeat the previous step for Design Standard 2,
renaming it EC7 with Irish NA.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 1l.rptz
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Step 2 — create the borehole
In Step 2, you will use the Borehole Wizard to create a borehole
containing the clay and sand layers.

1. Open the Borehole
Wizard by selecting the
Wizards tab on Repute’s

File Home Insert Scenario Build Wizards Toi

Slae R B W

Borehoff  PileGroup  Action  Calculation  Import P!

ribbon and clicking on the R o Mk Wizard- | Groupe
Borehole Wizard button.
2. When the Wizard appears, set the number of layers to 2.
El
3. Click Next to display page 2 of the Wizard. Change Layer 1's

Ground type to Clay, its Thickness to 8 m, and its Weight
density to 18.5 kN/m’. Leave Layer 2’s Ground type as Sand
and its Weight density as 20 kN/m’ but change its Thickness
to 5 m.

2. Please specify the thickness and ground type of each layer

Laye Ground type Thickness Weight density
1 Clay - gm
&2 Sand - 5m
4. Click Next to display page 3. Leave the clay’s properties

unchanged but change the sand’s Internal friction to 35°.
Leave its Cohesion at O kPa and leave the At Critical State?
box unticked.

3. Please enter the drained strength properties of each soil

Lay Soil Type Internal friction Cohesion At Critical

i Clay 0 kPa
s 2 Sand 0 kPa
5. Click Next to display page 4. The sand does not appear on this

page since - as a coarse soil - it does not have undrained
strength. Change the Undrained Strength (top) and
Undrained Strength (bottom) of the clay to 45 kPa.
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4. Please enter the undrained properties of each fine soil

Laye Soil Type Undrained Strength (to] | Undrained strength (bo
A 1 Clay 45 kPa H 45 kPa

6. Click Next to display page 5. Since the ground profile does not
include rock, there is nothing to set on this page.

7. Click Next to display page 6. Leave the stiffness properties (i.e.
Shear Modulus) of both layers unchanged.

8. Click Next to display page 7. Tick Situation 1 to add the
new borehole to that scenario.

9. Click Next to display the final page of the Wizard. If you wish

to review any of the settings you have made, click Back to
return to the relevant page.
10. Click Finish to generate the borehole. The Borehole Wizard
then:
e creates Soils 1 and 2, Layers 1 and 2, and
Borehole 1

e links Layer 1toSoil 1 andLayer 2to Soil 2
e adds Layers 1 and 2 to Borehole 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 2.rptz

Step 3 —add a water table
In Step 3, you will add a water table to the scenario.

1. Open the Stockyard’s [T L EE
Ground Model panel by File Home \ns_ert Scenario Build Wizards
selecting the Inserttabon & W % & s K
Repute’s ribbon and then iormation | | Model | pmemt

Cenckvar

clicking on the Ground
Model button.

2. In the Stockyard, hold the Ctr1 key down and click on the
item labelled Ground Water Table. The water table will
appear in the Project Manager (under Ground Model > Water
Tables).
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3.

In the Property Inspector (under Location > Relative Position),
change the Depth of Water Table 1to1m.

In the Project Manager, select Situation 1 (under
Scenarios > Situations).

In the Property Inspector, place a tick next to Water Table
1 (under Ground Model) to add the water table to this
scenario. The Drawing Board will refresh.

In this step, you have:

o created Water Table 1

e added Water Table 1to Situation 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 3.rptz

Step 4 — create the pile
In Step 4, you will create a pile and specify its cross-section and concrete

grade.
1.

Display ok -
Rep ute’s File Home Insert Scenaric Build Wizards Tools Licence Vlﬂ Drawing +
B O 2 e il & 1
ConStrUCt Welcome MNormal = Construct Specify Check Review News  Drawing Project Stockyard P
ard Manager In.
desktop by Dbt ’ :

selecting the

View tab and clicking on the Construct button. The program
will display the Drawing Board, Project Manager, and
Stockyard.

Right-click anywhere inside the Stockyard to display its context
menu and select the Materials > Concretes command. The
Concretes group will open.

Create the concrete by holding the Ctrl key down and
clicking on C30/37. (When the Ctrl key is pressed, Repute
automatically creates an instance of the item that is selected in
the Stockyard.) The concrete will appear in the Project
Manager (under Materials > Concretes).
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4.

10.

11.

12.

13.

Right-click inside the Stockyard and select the Sections >
Simple Sections command. The Simple Sections group will
open.

Create a square section by holding the Ctr1 key down and
clicking on Square Section. The section will appear in the
Project Manager (under Sections > Simple Sections).

In the Project Manager, right-click on Section 1 and select
Properties .... The Property Inspector will appear.

In the Property Inspector, change the Breadth (under
Dimensions) of the section to 400 mm.

Next, click on the Stockyard’s Structural Elements caption
(near the bottom of the Stockyard). The Structural Elements
group will open.

Create the pile by holding the Ctr1 key down and clicking on
Precast Pile. The pile will appear in the Project Manager
(under Structural Elements > Piles).

In the Property Inspector, change Bo Property Inspector BB
the Length (under Dimensions) of e pie
the pile 10 10 m; the Material
name (under Material Properties) to

Concrete 1;and the Section SLT

name (under Section Properties) to e o
Section 1. Leave all other > Enoeddag engt :
properties of the pile unchanged. _

Returning to the Project Manager, . i.{;‘.'.l.m o
select Situation 1 (under

Scenarios > Situation). 2 g s 1
In the Property Inspector, place a  Sectm Praperties

tick next to Pile 1 (under

Structural Elements > Piles) to add
the pile to this scenario. The Drawing Board will refresh.
In this step, you have:

e created Concrete 1, Section 1,andPile 1

Cancrete 1

> Breadth 400 mm
> Circumference

~ About strong (y-y) axis

e linked Pile 1 to Concrete 1 and Section 1
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e addedPile 1toSituation 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 4.rptz

Step 5 — create the forces
In Step 5, you will use the Action Wizard to create the forces applied to
the pile.

1. Open the Action Wizard
by Selecting the Wizards File Home Insert Scenario Build Wizards Tools

tab on Repute’s ribbon A L R &

Borehole PileGroup = Action  Calculation  Import Pile

and clicking on the e | T
Action Wizard button.

2. When the Wizard appears, increase the No. of forces to 2;
Force 1 and Force 2 will be created.

3. Set the Fz value for Force 1 to 650 kN and change its

Variability to Permanent. Then set the Fz value for Force
2 to 250 kN but keep its Variability as Variable. Leave all
other properties unchanged (at zero).

1. Define the forces to create in this project

No. of forces 2

Force | Fx(kN) | Fy (kN) | Fz (kW) | Variabilty | x (m) y (m) | Depth (m

1 0 kN 0 kN 650 kN Permanent 0 0 0
2| 2 0 kN 0 kN 250 kN Variable o 1] 0

4, Click Next to display page 2 of the Wizard. Since no moments
are applied to the pile, leave the No. of moments as 0.

5. Click Next to display page 3. Increase the No. of
combinations to 1; Combination 1 will be created. Click
on the label None selected under the column Forces to
include and then tick Force 1 and Force 2.
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3. Define the combinations of actions to create in this project

Mo. of combinations 1

Combination | Forces to include Moments to include

2| 1 Force 1;Force 2 iNone selected

Click Next to display the last page of the Wizard. If you wish
to review any of the settings you have made, click Back to
return to the relevant page.

Click Finish to generate the actions and their combination.
The Actions Wizard will then:

e create Forces 1and 2 and Combination 1

e add Forces 1 and2toCombination 1

Returning to the Project Manager, select Situation 1
(under Scenarios > Situations).

Then, in the Property Inspector, place a tick next to
Combination 1 (under Actions) to add the combination to
this scenario. The Drawing Board will refresh.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 5.rptz

Step 6 — create the calculation
In Step 6, you will use the Calculation Wizard to create a calculation and
specify the design standard to use in that calculation.

1.

Open the Calculation LN

Wizard by Selecting the File Home Insert Scenario Build \“.'\zard! Too!

Wizards tab on Repute’s aﬁm p.% ﬂ s :
Borehole Pile Group  Action  Caleulation”  Import Pile

. . . Wizard... Wizard..  Wizard... Wizard... Group...

ribbon and then clicking W e

on the Calculation

Wizard button.

When the Wizard appears, tick Longitudinal ULS. (The
calculations that appear here depend on which edition of
Repute you are running. The Enterprise Edition provides more
calculations than the Standard and Professional editions.)
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1. Select the calculations you want to create

Boundary Element Analysis

Fleming's Analysis
Longitudinal ULS

Randolph's Analysis

3. Click Next to display page 2 of the Wizard. Select EC7 with
Irish NA.

2. Select the design standard to apply

None

ECT with UK NA

®

4. Click Next to display page 3. Tick Situation 1.

5. Click Next to display the final page of the Wizard. If you wish
to review any of the settings you have made, click Back to
return to the relevant page.

6. When you are ready, click Finish to generate the first
calculation. The Calculation Wizard then:

e creates Calculation 1
e links Situation 1andEC7 with Irish NAto
Calculation 1

You will find everything you’ve done so far in the file:
[Tutorials]\Tutorial 3\Step 6.rptz
Step 7 — customize the calculation

In Step 7, you will specify precise details of how the calculation is to be
performed, following the decisions made by Bond and Harris, 2008.
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1. Open the
Stockyardls File  Honm Inset  Scenario  Build  Wizmrds  Tools nce  View  Drawing Board ’
Algorithms [E i E 2 M" \ % & @ |

T St o

group by Stods
selecting the Insert tab on Repute’s ribbon and then clicking
on the Algorithm button.

2. Hold the CTRL key down and click on No contact
algorithm in the Stockyard. Then, in the Property
Inspector, change the Name of the new algorithm to No
skin friction and enter Ignore skin friction
above water table inits Notes field. Set Custom depth
to 1.0 m. Algorithm > Option will automatically change to
Custom depth.

3. Hold the CTRL key down and click on "o S
Alpha in the Stockyard. Change the !
Name of the new algorithm to Alpha
in clay and enter From US Army

Notes

Army Corps of Er ~

~ Algorithm
Option Custom alpha

Corps of Engineers in its Notes 5 Cusam se 5
field. Enter a value of 0.8 into the s
Custom alpha box. Algorithm > Option
will automatically change to Custom

50 kPa
100kPa
10

alpha.

4, Hold the CTRL key down and click on Earth pressure
coefficient in the Stockyard. Change the Name of the
new algorithm to Ks in sand and enter Ks = Ng/50 in its
Notes field. Enter a value of 1.59 into the Custom
compression coefficient box. Algorithm > Option will
automatically change to Custom earth pressure
coefficient.

5. Hold the CTRL key down and click on Wall friction in
the Stockyard. Change the Name of the new algorithm to
Delta in sandandenter Critical state friction
angle in its Notes field. Enter a value of 33° into the Custom
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10.

friction value box. Algorithm > Option will automatically
change to Custom friction value.

Hold the CTRL key down and click 8o Praperty tnspector 2 x
on Bearing capacity VGEE::JZ'

algorithm in the Stockyard. ;
Change the Name of the new e

algorithm to Ng in sand. Change |~"oo" ——

the Option to Berezantzev. In 5 e Not et
the Example Calculation group, v :";chahkl:;”« e
change the Angle of shearing he [ Heimedie

resistance to 35° and the

Slenderness ratio to 25. The value of Nq will update (to
47.23), while Nc remains Not specified. Berezantzev’s
algorithm is only applicable to coarse soils, hence N. is not
available.

In the Project Manager (under Calculations > Single Pile
Calculations), select Calculation 1.

In the Property Inspector, link all the %o rropertv spector * x
. ~ General
algorithms you have created to the e Cosatin
calculation. gt
Under Algorithms > No contact - _y
. , Design Standard EC7 with Irish NA
algorithm, select No skin ~ options
. . Drainage condition Drained (®) Undrained
friction Minimum no of nodes 100 E
Under Soils >:
¢ Shaft adhesion in undrained e et Y
soil - select Alpha in clay Yoot [tk ton
. . o earing pressure limit
e Horizontal pressure coefficient Puoh t
. . ~ Soils
n sand (KS) - select Ks 1n Shaft adhesion in un| Alpha in day
sand Eli:aznmal pressure « Ks in sand
. . . . . Shaft friction in soil { Delta in sand il
¢ Shaft friction in soil (delta/phi) i T —
- Select Delta in Sand Shaft friction in rock -

Bearing capacity fac
e Bearing capacity in soil - select '
Ng in sand
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11.

Finally, set the Drainage condition to Undrained to tell the
program to base the calculation in clay on total stresses.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 7.rptz

Step 8 — perform and review the calculations
In Step 8, you will perform the calculation and review the results.

3.

Run the calculation by

Selecting the Build tab File Home  Inset  Scenario Build  Wizards  Tools
. ar » &

on Repute’s ribbon and £ L 2 <
. . Schedule Validate Bun Schedule

then CIICklng on the Run Calculation 1 Calculation 1 | Caleulation 1 Situation |

. Build Calculation
Calculation 1
button.

Repute will perform the specified calculation and then displays
the Workbook, Graph Paper, Project Manager, and Message
Board. Your screen will now look something like this:

The Graph Paper shows the:

e effect of actions (red line) - i.e. the sum of the applied
forces and self-weight of the pile - increasing with depth

e base resistance R, (blue line) and shaft resistance R, (pink
line) also increasing with depth
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e total compressive resistance R. = R + R, (green line)
exceeding the effect of actions (R. > E) at a depth of
12.7 m

4, The Workbook (left panel) shows the same information in
tabular format. The Workbook contains a lot more information
than is initially shown. To display this additional information,
click on the button in the top-left-hand corner (labelled *) and
select the data you want to see. The picture here shows results
for the depth 10 m.

5. The results calculated by Repute differ from those given in the
book by Bond and Harris (2008), where a model factor on
resistance of 1.5 was used (following the draft Irish National
Annex). Instead, Repute uses the value 1.75 that appears in
the published version of that National Annex.

6. You can check this by selecting the | % rropertynspector B =

~ General

View tab on Repute’s ribbon and e e i

then clicking on the Specify button. I :
Then, Se|eCt EC7 Wl th T ri Sh NA Notes Crea-ted by the Project W ~
in the Project Manager to display its |~ o
. . Design Approach Design Approach 1
properties in the Property Inspector Cabinaton Conbinaton 2
. . > Model factor on resistar L75
- the value given for Options >  Partil factors

Model factor on resistance is 1.75.
You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 3\Step 8.rptz
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A Repute project that reproduces Bond and Harris’s results can be found

here:

[Examples]\Bond and Harris (2008) Example 13.1.rptz

Step 9 — change the design standard
In Step 9, you will create a second calculation, identical to the first but
based on the UK National Annex to Eurocode 7.

1.

Returning to the Project Manager, create a copy of
Calculation 1 by right-clicking on it (look under
Calculations > Single Pile Calculations) and selecting the Edit >
Duplicate command.

In the Property Inspector, change B0 Property Inspector v =
the Name of the newly created =
calculation to UK calculation
and its Design Standard to EC7 . ety e ot -
with UK NA. = -
In the Project Manager, select the ; ':wa“ s
Design Standard EC7 with UK

NA (under Design Standards > Limit State Standards).

Then in the Property Inspector, change Options > Pile testing
to Investigation tests. The values of the model factor
and the resistance factors will change. This setting is
appropriate when the calculated resistance will be checked by
static pile load tests taken to ultimate load.

In the Project Manager, select the UK calculation (under
Calculations > Single Pile Calculations) and then run the
calculation by selecting the Build tab on Repute’s ribbon and
clicking on the Run UK calculation button. Your screen

will now look something like this:




Repute 3 Quick-Start Guide Page |53

You will find everything you’vé done so far in the file:
[Tutorials]\Tutorial 3\Step 9.rptz.

Step 10 — close the project

In Step 10, you will close and - optionally - save the project. (Note: this is
not available in the Trial Edition.)

1. Close the project by clicking on the File menu’s Close
command.
2. If you have made changes to the project since it was last

saved, Repute will ask you if you want to save before
proceeding. Answer Yes or No by clicking the appropriate
button.

3. Repute will then (if requested) save and close the project.

You will find a copy of the project in its final form here:

[Tutorials]\Tutorial 3\Tutorial 3.rptz

What next?

Tutorial 4 shows how the boundary element method can be used to
analyse a pile group.
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Tutorial 4. Pile group in clay and sand

Introduction

Tutorial 4 demonstrates how the boundary element method can be used
to analyse a pile group. The worked example involves a group of four
bored piles in stiff clay overlying dense sand:

e Ground conditions comprise 8 m of stiff clay overlying dense
sand. Both soils will be modelled as linear elastic materials.

e The stiff clay has a vertical Young’s modulus of 40 MPa and a
horizontal modulus of 20 MPa, with Poisson’s ratio equal to 0.5.

e The dense sand has the same Young’s modulus vertically and
horizontally, equal to 50 + 10 z MPa (where z is the depth below
the top of the sand in metres), and Poisson’s ratio equal to 0.3.

e The bored piles are installed on a 2 x 2 grid, at 3 m spacing
(centre-to-centre). Each pile is 20 m long, 1050 mm in diameter,
with a Young’s modulus (vertically and horizontally) of 30 GPa.

e A characteristic vertical force of 12 MN (permanent), horizontal
force of 1 MN (variable), and moment of 2 MNm (variable) are
applied at the centre of the pile group.

* You want to determine the displacement and rotation of the pile
cap under serviceability conditions.

This tutorial is written for users of the Professional, Enterprise, and Trial
Editions of Repute only. Users of the Standard Edition should look at Tutorials
1-3.

Overview

e In Step 1, you will use the Project Wizard to enter project
information and create a scenario to represent a persistent design
situation.

e In Step 2, you will use the Pile Group Wizard to create a 2 x 2 pile
group and specify the piles’ properties.

e In Step 3, you will use the Borehole Wizard to create a borehole
containing stiff clay and dense sand layers.

e In Step 4, you will enter the stiffness parameters for Soils 1 and 2.
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In Step 5, you will use the Action Wizard to create the actions
applied to the pile group.

In Step 6, you will use the Calculation Wizard to create the
calculation you want Repute to perform.

In Step 7, you will perform the calculation and review the results.
In Step 8, you will produce a report summarising the calculation.
In Step 9, you will close and (optionally) save the project.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that should appear. Once the splash screen has
disappeared, Repute displays its Welcome screen.

If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already
done so.)

Step 1 — create the project
In Step 1, you will use the Project Wizard to enter project information and
create a scenario to represent the design situation to be analysed.

1.

Open the Project Wizard _

by selecting the Wizards @ tome s =
tab on Repute’s ribbon ,;BH
and then clicking on the e Waads e

Project Wizard button.

When the Wizard appears, type Tutorial 4 in the Project
name box. Choose the folder where you want to save this
project by using the Path control. If you do not change the
setting here, the file will be saved on your Desktop.

Enter Pile group in clay and sand in the Description
box and 04 in the Project ID box.

Click Next to display page 2 of the Wizard. Since we are not
going to use a design standard, there is nothing to set on this

page.
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5.

Click Next to display page 3. In the table, change the Design

Situation of Situation 1 to Persistent (if it is not already

set).

Click Next to display the final page of the Wizard. If you wish

to review any of the settings you have made, click Back to

return to the relevant page.

When you are ready, click Finish to generate the project. The

Project Wizard then:

e creates Site 1, Ground Surface 1,and Situation
1

e adds Ground Surface 1to Situation 1

e creates a new project Tutorial 4.rptz containing all
these items

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 4\Step 1.rptz

Step 2 — create the pile group
In Step 2, you will use the Pile Group Wizard to create a 2 x 2 pile group
and specify the piles’ properties.

1.

Open the Pile Group LK

Wizard by Selecting the o Hu; |n:ertE s:ma;uze Eul\d\'.'\zardz TI'E.\:
leards tab on RepUte/S Borehole | PileGroup  Action ;alctmn Import Pile
. . . Wizard... ‘Wizard., Wizard... Wizard... Group...
ribbon and clicking on = g

the Pile Group Wizard

button.

When the Wizard appears, choose the Predefined plan
arrangement and change the Total number of piles to 4. The
picture on the left-hand side of the Wizard will change to
show you the default 2 x 2 pile arrangement. Change the
Spacing between the piles to 3000 mm but leave the Cover
at its default value (150 mm).
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Pile Group Wizard x
1. Specify the plan arrangement and number of piles

Choose a plan arrangement
®) Predefined Custom

Select the number of piles

‘@ Total number of piles 4
Specify the dimensions

§

> [Z spacing (s) 3000 mm
> [ Cover () i 150
€ Cancel () Back. © Nest ) Firish

3. Click Next to display page 2 of the Wizard. If not already set,
set the pile type to (Cast-in-place Concrete) Bored
Pile.

2. Select the pile type

Choose the pile type

®) (Cast-in-place Concrete) Bored Pile
(Cast-in-place Concrete) Augered Pile
(Pre-cast Concrete) Sguare Pile
(Pre-cast Concrete) Spun Pile
Micropile
(Steel) H Pile
(Steel) Bipe Pile

4. Click Next to display page 3. Change the Concrete class to
C20/25 and the Diameter/Breadth to 1050 mm. By default,

this concrete’s Young’s modulus will be set to 30 GPa (not
shown).

3. Select the pile material and section
Choose the material
Concrete class ca0/25
Steel grade 5235

Choose the section

Diameter/Breadth 1050 mm
H-section

Pipe

Spun Pipe

5. Click Next to display page 4. Change the Embedded length
(L) to 20 m but leave the Upstand (U) as O m.
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4, Enter the pile length and upstand

» [1.1 Embedded length (L) 20m
» [1 upstand (U) '_ Ul'
_ u
l
L
6. Click Next to display page 5. Leave all the values on this page

as zero - this will position the pile group centrally in the co-
ordinate system (and not rotated).

5. Enter the location and rotation of the group centroid

» [1.1 X position (dX) om
» 21 Y position (dY) om
> [ Rotation (dtheta) oe°
ol ~ X \do
\\ P
\\9’
dy
— %
7. Click Next to display page 6. Tick Situation 1 to add the
pile group to the scenario.
8. Click Next to display the last page of the Wizard. If you wish

to review any of the settings you have made, click Back to
return to the relevant page.
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9.

When you are ready, click Finish to
generate the pile group. The Pile
Group Wizard then:

8 Project Manager * *

EI 'E Project Information
Lo {E] Project Information
El M Geometry

L] creates Piles 1 to 4, Pile | E-mm Ground Surfaces
: Bl Scenarios
Group 1, Pile Cap 1, " 5% Statons
and Concretes 1 and 2 2@ Materials
. , E@ Concretes
e links Concrete 1 to Piles L@ Concrete 1
: @ Concrete 2
ltod E| E Structural Elements
e links Concrete 2 to Pile 21l Pie Groups

Pile Group 1
Piles

@ rie 1

B Fi= 2

@ Fiez

‘@ ri=4

Pile Caps

L[ Pile Cap 1

Cap 1
e addsPiles 1to4 and Pile
Cap 1 toPile Group 1
e addsPile Group 1to
Situation 1
Select Pile Cap 1 in the Project
Manager and then, in the Property Inspector, set its Thickness
to 1.5 m and press ENTER.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 4\Step 2.rptz

Step 3 —create the borehole
In Step 3, you will use the Borehole Wizard to create a borehole
containing stiff clay and dense sand layers.

1.

Open the Borehole NS K3

Wizard by selecting the B
Wizards tab on Repute’s Bﬂh ) p‘gup ?5‘\ c! .mﬂﬁ‘e
ribbon and clicking on the T
Borehole Wizard button.

When the Wizard appears, increase the number of layers to 2.
Click Next to display page 2 of the Wizard. Change the
Ground type of Layer 1 to Clay, its Thickness to 8 m, and

its Weight density to 18 kN/m’. Leave the Ground type of
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Layer 2 as Sand but change its Thickness to 20 m and its
Weight density to 21.5 kN/m’.

2. Please specify the thickness and ground type of each layer

Laye Ground type Thickness Weight density
1 Clay - 8m 18 kN/m?=
/2 sand - 2om oo ZES MM
4. Click Next to display page 3. Change the Internal friction

angle of Layer 1 to 25° and that of Layer 2 to 36°. Leave
the Cohesion of both soils as 0 kPa and the At Critical State?
boxes unchecked.

3. Please enter the drained strength properties of each soil

Lay Soil Type Internal friction Cohesion At Critical

1 Clay 25¢@ 0 kPa
2 2 Sand 36° 0 kPa
5. Click Next to display page 4. Change the Undrained strength

(top) of Layer 1 to 100 kPa and its Undrained strength
(bottom) to 600 kPa. This strength increase will occur over the
full thickness of Layer 1, i.e. 8 m (as specified above).
Layer 2 does not appear on this page because - as a sand -
it has no undrained properties.

4. Please enter the undrained properties of each fine soil

Laye Soil Type Undrained Strength (to| | Undrained strength (bo
s o i s
6. Click Next to display page 5. Since the ground profile does not
include rock, there is nothing to set on this page.
7. Click Next to display page 6. For Layer 1, to obtaina

large-strain undrained Young’s modulus E, = 40 MPa, enter its
Shear modulus G1 as 13.33 MPa, which is equal to E,/2(1 +
wv,) = E./3, with a Poisson’s ratio v, = 0.5. Leave its Shear
Modulus GO value as 100 MPa.

8. For Layer 2, to obtain a large-strain drained Young’s
modulus £’ = 50 MPa, enter its Shear modulus G1 as 19.23
MPa - which is equal to £'/2(1 + v) = F'/2.6, with a Poisson’s
ratio v= 0.3. Leave its Shear Modulus GO value as 100 MPa.
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6. Please enter stiffness properties for each ground type

Laye | Ground Type Shear Modulus GO Shear Modulus G1
1 Clay 100 MPa 13.33 MPa
o2 Sand 100 MPa 19.23 MPa
9. Click Next to display page 7. Tick Situation 1 to add the

borehole to the scenario.
10. Click Next to display the last page
of the Wizard. If you wish to review
. Q- Project Informati
any of the settings you have made, -ﬁjsfojeZt S

click Back to return to the relevant 2-{iy] Geometry
i [-pmm Ground Surfaces

8 Project Manager 7 x

page. Eﬁ' Scenarios
11. When you are ready, click Finish to | B Situations
Eg Materials
generate the borehole. The - B Concretes
Borehole Wizard then: =R _%;"550” .
e creates Soils 1-2, Layers 5oil 2

E-f& Structural Elements
1-2,and Borehole 1 E"S Ground Modsl

e links Layer 1to Soil 1 and E'"E.B;ioreah;rl.:;olel
Layer 2to Soil 2

Layers

- Layer 1
e addsLayers 1-2to L Layer 2

Borehole 1 and Borehole

1to Situation 1
You will find everything you’ve done so far in the file:
[Tutorials]\Tutorial 4\Step 3.rptz

Step 4 — modify the soils’ stiffness properties
In Step 4, you will modify the stiffness properties of Soils 1 and 2.

1. Select Soil 1 in the Project Manager (under Materials >
Soils).
2. In the Property Inspector, under the heading Stiffness > Large

Strain Stiffness > Undrained Young’s modulus (Eu), change
the Vertical Young’s modulus from 39.99 MPa to 40 MPa.
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3. Type 0.5 in the Stiffness > 8 Property Inspector 5 =
Anisotropy box to change the = s

Horizontal Young’s modulus (Eh)
value to 20 MPa (i.e. 40 MPa x 0.5).
4. The Stiffness ratio G1/GO0 is shown > e S

v Stiffness

as 13.33%, which is obtained by  Smallstrai stfness
dividing the large strain stiffness G, V?umﬁ'mﬁ ) woves
= 13.33 MPa by the small strain e —
stiffness Co = 13.33 MPa. You will
find the value of Go under the g i l::::ii%?::-ffnod...“(m
heading Stiffness > Small Strain Lva?'-:m‘odhtlm —
Stiffness > Shear modulus (G). > o] eorves
5. Back in the Project Manager, select : ;a';h;n;;;dm
Soil 2.The Property Inspector e e
will change to display its properties. o e e
6. Under the heading Depth, check 2 Pobnts b =
that Reference depth 1 (z,ref1) is ;oo atensmheth
equal to 8 m (this is the top of the o Arcoepy o2

soil layer) and Reference depth 2
(z,ref2) is equal to 28 m (this is the bottom of the layer).

7. Under the heading Stiffness > Large | == =
strain stiffness > Young’s modulus, T Zn
“emh

check that the Poisson’s ratio (v) of
this soil is equal to 0.3. e e

8. Under the same heading, expand Decasergd s
the heading Variation with depth TR
and enter 250 MPa into the E,ref2 * Varaton i deths
box. The value of Young’s modulus S
gradient (dE/dz) will change to 10
MN/m? - equal to (F,ref1 - F/,ref2) | ... 5= —— 00
/ (z,ref1 - z,ref2) = (250 MPa - 50 s '
MPa)/(28 m - 8 m).

0.3

> Eref2

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 4\Step 4.rptz
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Step 5 — create the forces and moments
In Step 5, you will use the Action Wizard to create loads applied to the

pile group.
1.

Open the Action Wizard

. . File Home Insel Scenario Build Wizards Tools L
by selecting the Wizards !

tab on Repute’s ribbon A &R . W -

Borehole  Pile Group | Acti & Calculatio Import Pile I
. . Wizard..  Wizard... | Wizan Wizard... Group...  Lé
and clicking on the Wiards -
. .
Action Wizard button.
1. Define the forces to create in this project
Mo. of forces 2
Force Fx (kM) Fy (kN) Fz (kN) Variability x (m) y (m) Depth (m
1 0 kN 0 kn 12000 kN | Permanent 0 0 =ILE
| 2 1000 kN 0 kN 0 kN Wariable 0 0 =ik

When the Wizard appears, increase the No. of forces to 2. Set
the Fz value of Force 1 to 12000 kN, its Variability to
Permanent, and its Depth to —1.5 m. Set the Fx value of
Force 2 to 1000 kN, its Fz value to 0 kN, and its Depth to
—1.5 m but leave its Variability as Variable.

Click Next to display page 2 of the Wizard. Increase the No.
of moments to 1. Set the My value of Moment 1 to 500 kNm
and its Depth to —1.5 m but leave its Variability as
Variable.

2. Define the moments to create in this project

No. of moments 1

Moment | Mx (kNm | My (kMNm | Mz (kNm_ | Wariability x (m) y (m) Depth {m

#| 1 0 kNm 500 kNm 0 kNm Variable 1] o

Click Next to display page 3. Increase the No. of
combinations to 1. Under the column Forces to include, click
the text None selected and then tick Force 1 and
Force 2. Click away. Then, under the column Moments to
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include, click the text None selected and then tick
Moment 1. Click away.

3. Define the combinations of actions to create in this project

No. of combinations 1

Combination | Forces to include Moments to include

Fy 1 Force 1;Force 2 Moment 1

5. Click Next to display the last page. If you wish to review any
of the settings you have made, click Back to return to the
relevant page.

6. When you are ready, click Finish to generate the actions and
their combination. The Actions Wizard then:

e creates Forces 1 and 2, Moment 1, and
Combination 1

e adds Forces 1 and 2 and Moment 1 to
Combination 1

7. Going back to the Project Manager, %o property nspector » %
select Situation 1 (under . ann1
Scenarios > Situations).

8. Then, in the Property Inspector, tick
Combination 1 (under Actions) |G arfaz v
to add the combination to this [ forees
scenario. The Drawing Board will o SACE
automatically update. Lok

You will find everything you’ve done so far in
the file:
[Tutorials]\Tutorial 4\Step 5.rptz

Step 6 — create the calculation
In Step 6, you will use the Calculation Wizard to create the calculation
you want Repute to perform.
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1. Open the Calculation

Wizard by selecting the s
Wizards tab on Repute’s A 2 R |

Borehole  Pile Group  Action | Caleulatjon Import Pile I
Wizard%

File Home Insert Scenario Build Wizards Tools

Wizard...  Wizard.. Wizard... Group.. L.

ribbon and then clicking Waarte o
the Calculation Wizard
button.

2. When the Wizard appears, select Boundary Element
Analysis. (The calculations that appear here depend on
which edition of Repute you are running. The Enterprise
Edition provides more calculations than the Standard and
Professional editions.)

1. Select the calculations you want to create

Fleming's Analysis

Longitudinal ULS

Randolph's Analysis

3. Click Next to display page 2 of the Wizard. Since there are no
design standards to select from, there is nothing to do on this
page.

4, Click Next to display page 3. Select Situation 1 to link the
boundary element analysis to that scenario.

5. Click Next to display the last page of the Wizard. If you wish

to review any of the settings you have made, click Back to
return to the relevant page.

6. When you are ready, click Finish to generate the calculation.
The Calculation Wizard then:
e creates Calculation 1
o links Calculation 1to Situation 1
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7.

In the Property Inspector, for S proper s D E
Calculation 1, change the Stress- pare

strain model (under Options) to o
Linear-elastic and the Stiffness cretes b e Conis
model to Fully rigid to match == s

the Raft/soil stiffness classification. Dw“:d :

Set the Drainage condition to Sres sl e 3
Undrained (although the strength of | " v

the ground is irrelevant in a linear- e

elastic analysis, the drainage condition
does affect the stiffness used).

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 4\Step 6.rptz

Step 7 — perform and review the calculation
In Step 7, you will perform the calculation and review the results.

1.

Run the calculation by

selecting the Build tab Buis T
. 9 &
on Repute’s ribbon and L 2 X XL .
Cll Ckl ng on th e Run CE:{EJI\:::Enw CaI:EIu{TFM S?lsuh:t\duurﬁ s\‘:i!:aut: 1 Sitw
Build Calculation Build Current Sce
Calculation 1
button.

Repute will run Calculation 1 and then change the
display to show the Workbook, Graph Paper, Project
Manager, and Message Board. You can switch to this display
at any time by clicking on the Check button on Repute’s View
tab.

Your screen will now look something like this:
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4. To display the force distribution along the piles, select the
Graph Paper tab and, in the drop-down box labelled Pile
group calculation, select Axial force Fz. The graph will change
to display the forces in the piles:

Calculation 1

Step 8 — close the project

In Step 8, you will close and - optionally - save the project. (Note: this is
not available in the Trial Edition.)

1. Close the project by clicking on the File menu’s Close
command.
2. If you have made changes to the project since it was last

saved, Repute will ask you if you want to save before
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proceeding. Answer Yes or No by clicking the appropriate
button.
3. Repute will then (if requested) save and close the project.

You will find a copy of the project in its final form here:

[Tutorials]\Tutorial 4\Tutorial 4.rptz

What next?
Tutorial 5 shows you how to set up a non-linear boundary element
analysis of a pile group in stiff clay overlying rock.
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Tutorial 5. Pile group in stiff clay over a rigid layer

Introduction
This tutorial demonstrates non-linear boundary element analysis of a pile
group. It shows you how to:

Specify a non-linear analysis

Introduce a rigid layer into the calculations
Produce a load displacement graph for the pile cap
Print the results of your calculations

The worked example involves the analysis of a group of 4 piles installed in
stiff clay overlying a rigid layer.

The ground conditions at the site comprise 35 m of stiff clay
(Young's modulus 75 + 10 z MPa vertically and half that
horizontally, where z is the depth below the top of the layer;
Poisson's ratio 0.5) overlying a rigid layer.

A non-linear soil model will be used for the clay, with unit weight
19.8 kN/m’, undrained strength 75 + 10 z kPa, and adhesion
factor 0.5.

The water table is at the ground surface.

The piles will be installed on a 2 x 2 grid, at 3 m spacing (centre-to-
centre) along the edge of the grid. Each pile is 20 m long, 1.05 m
in diameter, with a free-standing length of 0.5 m and Young's
modulus of 30 GPa (both axially and laterally). This is the same
pile group as was used in Step 2 of Tutorial 4.

You are interested in the displacements and rotation of the pile
cap under a combined vertical load of 20 MN, horizontal load of
2 MN, and moment of 3 MNm. The loads will be applied at the
centre of the pile cap.

Hyperbolic curve fitting constants of 0.5 (for the shaft), 0.99 (for
the base), and 0.9 (for lateral response) should be used.

This tutorial is written for users of the Professional, Enterprise, and Trial
Editions of Repute only. Users of the Standard Edition should look at
Tutorials 1-3.
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Overview

e In Step 1, you will use the Project Wizard to enter project
information and create a scenario to represent the design situation
to be analysed.

e In Step 2, you will create four piles and connect them together in
a pile group.

e In Step 3, you will create a stiff clay and specify its properties.

e In Step 4, you will create a layer, borehole, and water table.

e In Step 5, you will create a force, moment, and combination of
actions (to combine the force and moment).

e In Step 6, you will create the calculation that you want Repute to
perform.

e In Step 7, you will perform the calculation.

e In Step 8, you will export results to a Microsoft Excel spreadsheet.

e In Step 9, you will close and (optionally) save the project.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that should appear. Once the splash screen has
disappeared, Repute displays its Welcome screen.

If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already
done so.)

Step 1 — create the project
In Step 1, you will use the Project Wizard to enter project information and
create a scenario to represent the design situation to be analysed.

1. Open the Project Ly 3~
Wizard by selecting the file  Home Insert Scenaio  Build  Wizards  Tools
Wizards tab on @@5
Repute’s ribbon and Wna.

Wizards Impe

then clicking on the
Project Wizard button.
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2.

When the Wizard appears, type Tutorial 5 in the Project
name box. Choose the folder where you want to save this
project by using the Path control. (If you do not change the
setting here, it will be saved on your Desktop.) Enter Pile
group in stiff clay over a rigid layer inthe
Description box and 05 in the Project ID box.

Click Next to display page 2 of the Wizard. Since we are not
going to use a design standard, there is nothing to set on this
page.

Click Next to display page 3. Since the Design Situation of
Situation 1 is already set to Persistent, there is
nothing to change on this page.

Click Next to display the final page of the Wizard. If you wish
to review any of the settings you have made, click Back to
return to the relevant page.

Click Finish to generate the project.

The Project Wizard then: Eaesime e D

. -l Project Info ti
e creates Site 1, Ground 53§ Project Informaton

ELE Project Information
Surface 1, and Situation ; @ site 1

1 EM Geometry
{ E-mm Ground Surfaces

L] adds Site 1 and Ground Ground Surface 1
- Scenarios

Surface 1to Situation 1 B4 Situations
. . Lo [
e creates a new project with e

Tutorial 5.rptz with all

these items in it

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 5\Step 1l.rptz

Step 2 — create the pile group
In Step 2, you will create four piles and connect them together in a pile

group.
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1. Switch to Repute’s (T TITE
file  Home Inset Scenario Buld  Wiads Took licence View  Draving
Construct Desktop by B B 2 = 2 1% 8
/:-‘ &
Selectlng the VIEW tab Welcome | Normal = Construét | Specify Check Review News Déau‘:lgg &;:J:;; Stockyard |

Desktops

on Repute’s ribbon and
clicking on the Construct button. The Construct Desktop
displays the Drawing Board, Project Manager, and Stockyard.

2. Right-click anywhere in the Stockyard and select Materials >
Concretes from the pop-up menu to open the Concretes
group. Then:

e clickon Cc20/25, keeping the o
left mouse button pressed e
e drag the cursor away from the E n ¢

Stockyard (the cursor will
change to signal the dragging operation) and position it
over the Project Manager

o release the mouse button to drop the concrete in the
Project Manager (where it will appear as Concrete 1,
under the heading Materials > Concretes).

3. Back in the Stockyard, click on the § Project Manager 3o
heading Structural Elements to T e
open the Structural Elements e
group. Then drag a Bored Pileto |77 T
the Project Manager as described @
above. Repeat fora Pile Group 0§ e
and a Rectangular Pile Cap. E%;E:;::Tmms

4. Switch to Repute’s Specify Desktop T e
by selecting the View tab and e
clicking on the Specify button. The
program will display its Drawing
Board, Project Manager, and Property Inspector.

5. In the Project Manager, select Pile 1 (under Structural

Elements > Piles).



Repute 3 Quick-Start Guide Page |73

6.

10.

In the Property Inspector: bl 5 _&

e under Location > Relative tone el
Position, change the pile’s X-
position and Y-position to 1.5 m \ drE s
and its Depth to 0.5 m vi?t';“t

e under Section Properties, tick the | ="
box Has casing and change the ) pletoe

pile’s Shaft diameter to 1050
mm. The pile’s Base diameter will
change to 1050 mm as well
o under Material Properties, select
Concrete 1 in the Material
name box
e under Dimensions, change the
pile’s Length to 20 m (if not
already set) and its Free-standing length to 0.5 m
Next, duplicate Pile 1 by right g IR
clicking on it in the Project % e
Manager and selecting Edit >
Duplicate on the pop-up menu. o
Pile 1 - Copy will appear in the

1

1050 mm

Print Preview t F

Print. Ctilep

Project Manager and its properties T —
will be displayed in the Property T
Inspector.

In the Property Inspector, change the Name of the copied pile
to Pile 2 andits X-positionto —-1.5 m. Leave allits
other properties unchanged.

Duplicate Pile 2 via the Edit > Duplicate command (as
described above) or - even quicker - select Pile 2 and then
press CTRL+D to duplicate it.

In the Property Inspector, change the Name of the copied pile
to Pile 3 and its Y-position to -1 .5 m, keeping its X-
position as -1.5 m.
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11.

12.

13.

14.

15.

Finally, duplicate Pile 3, changing the duplicate’s Name to
Pile 4 andits X-position to (plus) 1.5 m, keeping its Y-

position as —1.5 m.

Select Pile Cap 1 inthe Project | 8orrperymspector : X
Manager and then, in the Property VGE;;::' Pie oo 1
Inspector, change its Thickness to

1.25 m and Level (under Location > | =

Absolute Position) to 0.5 m. The pile vo?%;;:ﬂosm .
cap’s Depth changes to —-0.5 m ) Toodn o
when you change its Level. ¥ At Poctin =
Under Material Properties, set the s e e
Material name o Concrate 1 o SR B—
and tick the box Is weightless? S e
Note that the cap’s Breadth X and e '
Breadth Y values are both 3 m. s —

Next, select Pile Group 1 inthe | MeterwlProseres

Material name Concrete 1
> Cover 150 mm

Project Manager and, in the i "

Property Inspector:

* Section Properties

e change its Level to 0.5 m
e tick all four piles (under the heading Piles)
e in the dropdown box Pile Cap > Pile cap name, select

Pile Cap 1
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16. Click the Pile Cap > Resize button Bo Property Inspector v =
to expand the cap’s dimensions to VGEET:;' e
reflect the piles’ positions (if you e
reselect Pile Cap 1 inthe .
Project Manager, you will see that v%bggemm D
its Breadth X and Breadth Y values > ertong on

> Level 0.5m

have increased to 4.35 m).
17. Finally, in the Project Manager,

“ Piles

select Situation 1 (under e <

Scenarios > Situations) and tick e Z

Pile Group 1 inits Property  pie Cap

Inspector to add the pile group to :mep‘p e

the scenario. R y ®
18.  In this step you have: S

e created Concrete 1,Pile 1,
Pile Cap 1, and Pile Group 1

e linked Concrete 1toPile 1andPile Cap 1

o duplicated Pile 1 to create Piles 2-4 and changed
their locations

e added Piles 1-4andPile Cap 1 to Pile Group

1
e added Pile Group 1to Situation 1
19. The Drawing Board will now look

something like this (note that the
hatching in the pile cap indicates
that it is weightless):

You will find everything you’ve done so far in
the file:

[Tutorials]\Tutorial 5\Step 2.rptz
Step 3 — create the soil

In Step 3, you will create a stiff clay and specify
its properties.
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1. Open the Stockyard’s
Grounds group by =

[
selecting the Insert tab @ M £ &%

on Repute’s ribbon and
clicking on the Ground
button.

2. In the Stockyard:

e click on Clay while keeping the left mouse button

pressed

e drag the cursor away from the Stockyard over the Project
Manager (The cursor will change to signal you are

dragging)

e release the mouse button when the cursor is over the
Project Manager to drop the clay there (it will appear as

Soil 1 under the heading Materials > Soils)

3. In the Property Inspector for Soi1l | ®errovertyinspector :x

1: I o1

e if necessary, untick Strict
validation (under Classification)

e change the clay’s Weight N
density (under Mass/weight 5 Weph iy g
densities) to 19.8 kN/m’ - its S .
Mass density wil change e —
accordingly 3 o e T

¢ set Reference depth 2 (z,ref2) 2 Do e
(under Depth) to 35 m - this is ) e shencts .
the bottom of the soil layer e

e change the clay’s Undrained 5 5
strength (under Strength > T T T
Undrained strength) to 75 kPa

e open the heading Undrained strength > Variation with

depth and set cu,ref2 to 425 kPa - the Undrained
strength gradient (dcu/dz) will change to 10 kN/m’
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4. Under the heading Stiffness > Small strain stiffness >
Undrained Young’s modulus (Eu):
e set the clay’s Vertical Young’s
modulus to 75 MPa
e the soil’'s Shear modulus (G) >
Vertical shear modulus will change
to 25 MPa and its (drained) Young’s
modulus (E) > Vertical Young’s 5 Variston wih dep
modulus will change to 65 MPa. : -
e in addition, the Large strain stiffness
> Undrained Young’s modulus (Eu)
will change to 15 MPa since the
Stiffness ratio G1/GO (= E.i/Ew) is
set to 20% ot @
5. Open the heading Stiffness > Small
strain stiffness > Undrained Young’s
modulus (Eu) > Variation with depth
and enter 425 MPa as the value of
Eu,ref2 - the Young’s modulus
gradient (dE/dz) will change to
10 MN/m’?
6. Finally, change the clay’s Anisotropy to 0.5 - the clay’s Small
strain stiffness > Undrained Horizontal Young’s modulus
(Eh) > Horizontal Young’s modulus changes from 75 MPa to
37.5 MPa

s ratio G1/G0 0%

You will find everything you’ve done so far in the file:
[Tutorials]\Tutorial 5\Step 3.rptz
Step 4 — create a layer, borehole, and water table

In Step 4, you will create a layer and borehole to hold the stiff clay and a
water table (at ground surface).

1. In the Stockyard, open the Ground Model group and then
create a Soil Layer, a Rigid Layer, a Borehole, and a Ground
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Water Table by dragging-and-dropping these items from the
Stockyard to the Project Manager.

2. Add Water Table 1 to the scenario by dragging it from the
Project Manager to the Drawing Board.

3. Select Layer 1 in the Project Manager and then, in the
Property Inspector, change its Thickness to 35 m and its Soil
to Soil 1.

4. Select Borehole 1 in the Project Manager and, in the

Property Inspector, press the Select ... button. In the dialog
box that appears, click on the >> button to move Layers 1
and 2 from the Available to the Selected box. Click OK to
confirm the changes.

Select items to include in 'Borehole 1

valable: Selected
aper 1
yer 2

coE

S
Qe
5. Add Borehole 1 to the scenario by dragging it from the

Project Manager to the Drawing Board. The borehole column
will appear on the left-hand side of the Drawing Board.
6. In this step you have manually:
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e created Layers 1-2,Borehole 1,and Water Table
1

e linked Layer 1 linked Soil 1
e added Layers 1-2toBorehole 1

e added Water Table 1 and Borehole 1 to
Situation 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 5\Step 4.rptz

Step 5 — create forces and moments
In Step 5, you will create a force, moment, and combination of actions (to
combine the force and moment).

1.

In the Stockyard, open the Actions group and then create a
Force, a Moment, and a Combination of Actions by dragging-
and-dropping these items from the Stockyard to the Project
Manager.

Select Force 1 in the Project =il
Manager and, in its Property i in
Inspector, change its Level (under T EREL
Location > Absolute Position) to S o
1.75 m - the Depth will change to o e
-1.75 m as you do this (the change Voﬁ::;g:ﬁt‘lf e
in level is necessary to place the vc(,l,f.’.';d‘ti.t; E——
force on top of the pile cap). > Y

> Fy

Change the force’s Fx value to o
2000 kN and its Fz value to e
20 000 kN - the Resultant will

change to 20 099.75 kN.

Select Moment 1 in the Project Manager and, in the Property
Inspector, change its Level to 1.75 m but leave its My value

as 500 kNm.
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5. Select Combination 1 in the 80 Property Tnspector :x
Project Manager and, in the VGHI Corbraton 1
Property Inspector, tick both c
Force 1 and Moment 1.Note e
that the My value is shown as 4000 | felverostin on
kNm because there is an additional | L -
moment due to Fx being at a oo e Festton
different level to the combination. S T
This moment is equal to 2000 kN x |~ “homenstheens

1.75 m = 3500 kNm. If you change * Varatle
the Level of Combination 1 to et -
1.75 m, then My will revert to 500 s
kNm as the lever arm of Fx Setmac
becomes zero. cuton
6. Finally, drag-and-drop -
Combination 1 from the Project
Manager onto the Drawing Board.
7. In this step you have manually:
e created Force 1, Moment 1,

Resultant

<

and Combination 1
e added Force 1 and Moment 1 to Combination 1
e added Combination 1to Situation 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 5\Step 5.rptz

Step 6 — create the calculation
In Step 6, you will create a boundary element analysis of the pile group.

1. In the Stockyard, open the Calculations group by right-
clicking and selecting Calculations from the pop-up menu.
2. Drag-and-drop a Boundary Element Analysis from the

Stockyard to the Project Manager.
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3. In the Property Inspector, change the = ffeerimse :

Name Calculation 1

Scenario (under Links) to Situation
1. Then, change the Drainage
condition (under Options) to
Undrained, the Stress-strain model
to Hyperbolic, and the Stiffness
model to Fully rigid.

4. In this step you have:
e created Calculation 1

e Jinked Calculation 1to Situation 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 5\Step 6.rptz

Step 7 — perform and review the calculation
In Step 7, you will perform the calculation and review the results.

1. Run the calculation by
selecting the Build tab File Home Inset  Scenaric  Bulld  Wizards  T.
on Repute’s ribbon and X %@ x
then C“Cking on the Run S Calcuﬁlua:mn: =
Calculation 1 button. L

2. Repute will perform the calculation and then change its

display to show its Workbook, Graph Paper, Project
Manager, and Message Board. You can switch to this display
at any time by clicking on the Check button on Repute’s View
tab.
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3.

Step 8 — export the results

Your screen will now look something like this:

In Step 8, you will export results to a Microsoft Excel spreadsheet.

1.

Right-click in the e|a|lalalals|n
Workbook to reveal its

context menu and
select the Export ...
command. Only the

data that is currently prin Previen
. . B ¢ Print.. Ctrl+P
displayed in the 1 [ o S
Workbook will be Resore Sved Lyt
. B o Restore Default Layou .
exported. To include : e et
. 3 - Show Pile Head Results Only e
other results, click on o T o Retrech .

2370 T TEET T 11.88

the asterisk * in the top
left corner of the
worksheet and select the results you want to include.

Enter the File name for the spreadsheet, navigate to the folder
where you want to save it, and then click on the Save button.
By default, Repute will save the data in a Microsoft Excel
workbook (*.xIsx) file.

If you open that workbook in Microsoft Excel, it should look
something like the image below:
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You will find the exported data in Microsoft Excel format in the file:
[Tutorials]\Tutorial 5\Tutorial 5.xlsx
Step 9 — close the project

In Step 9, you will close and - optionally - save the project. (Note: this is
not available in the Trial Edition.)

1. Close the project by clicking on the File menu’s Close
command.
2. If you have made changes to the project since it was last

saved, Repute will ask you if you want to save before
proceeding. Answer Yes or No by clicking the appropriate
button.

3. Repute will then (if requested) save and close the project.

You will find a copy of the project in its final form here:
[Tutorials]\Tutorial 5\Tutorial 5.rptz

What next?
Tutorial 6 looks at the more complicated case of an asymmetric pile group
under 3-dimensional loading.
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Tutorial 6. Asymmetric pile group under 3D loading

Introduction

Tutorial 6 considers a more complicated project: that of an asymmetric
pile group under general 3-dimensional loading. This tutorial shows you
how to:

¢ Modify an existing project
e Change the location of individual piles within a pile group
e Specify 3D loading

The worked example' involves the analysis of a group of 15 piles installed
in stiff clay overlying dense sand.

e The ground conditions are identical to those in Tutorial 5.

e The piles will be installed on an irregular grid, spaced in rows 3 m
apart in the X-direction and 1.5 m in the Y-direction.

e Each pile is 20 m long, 1 m in diameter, and has a Young's
modulus of 30 GPa (both axially and laterally).

You are interested in the displacements and rotation of the pile cap under
a combined vertical load of 50 MN, horizontal loads of 10 MN (in the X

1 Suckling, T. P. & Lee, J. (2001). Piled foundation aspects of the bridge slide at
Newark Dyke, Underground Construction 2001, Int. Symposium & Exhibition, London,
pp 361-372.
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direction) and 7 MN (in the Y direction), and moments of 5 MNm (in the
XZ plane) and 3 MNm (in the YZ plane). The vertical load will be applied
on the pile cap at the location of Pile 9.

This tutorial is written for users of the Professional, Enterprise, and Trial
Editions of Repute only. Users of the Standard Edition should look at
Tutorials 1-3.

Overview
e In Step 1, you will open and modify an existing project.
e In Step 2, you will delete the existing pile group from the project.
e In Step 3, you will create a new pile group.
e In Step 4, you will move the piles to their final positions.
e In Step 5, you will modify the actions on the pile group.
e In Step 6, you will perform the calculation and review the results.
e In Step 7, you will close and (optionally) save the project.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that should appear. Once the splash screen has
disappeared, Repute displays its Welcome screen.

If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already
done so.)

Step 1 — open and modify an existing project
In Step 1, you open an existing project and modify its project information.

1. Click on the File > Open command and, in the dialog box that
appears, navigate to the folder [Tutorials]\Tutorial 6 and select
the file Tutorial 4.rptz (thisis a copy of the file that was
saved at the end of Tutorial 4).
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[om | o

2. Click on the Open button to open this project.
3. In the Project Manager, double- 8o Property Inspector 7 =
. ~ General
click on Site 1 (under Project K

Type

Information > Project Information)

. . . . Notes Created by the Project W ~
to display its properties. Then, in the | ... wormston
Property lnspector’ Change the Description Asymetric pile group unde ~

Project ID 06

Description to Asymmetric pile | M ===
group under 3D loading and
the Project ID to 06.

4, Save the project under a different
name, by clicking File > Save As >
Browse. In the dialog box that
appears, change the File name to
Tutorial 6 and click on the Save
button. Unless you choose another
location, the file will automatically
be saved in the folder
[Tutorials]\Tutorial 6.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 6\Step l.rptz

Step 2 — delete the existing pile group
In Step 2, you will delete the existing pile group from the project.

1. Right-click anywhere on the Drawing Board and select
Plan.
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2.

6.

Increase the scale of the drawing by right-clicking on one of
the rulers at the edge of the Drawing Board and selecting
1:50.

Click on the top-left pile (Pile
1) in the pile group. A blue
selection rectangle will appear with
square handles at each corner and
Pile 1 will be highlighted in the

Project Manager.
Hold the CTRL key down and then,

in the Project Manager, select (one

atatime) Piles 1, 2, 3, and 4; Pile Cap 1; and
Pile Group 1.

When all six items are highlighted, right-click on the Project
Manager and select Edit > Delete on the pop-up menu that
appears. Click Yes to All to confirm that you want to delete all
these items from the project and they will then disappear from
both the Project Manager and the Drawing Board.

1§ Structural Elements Pile group size

- Jl Pies ~ Location

+ Relative Position
> ¥-position
> Y-position

> Depth
£+ Pile Caps = =
Y i o 1| > Absolute Position
B M File Groups ~ Dimensions
S || File Group 1] > Group centroid X

={iyf] Geometry Properties..  Fi2
El-am Ground Surface

5% Actions Build Fo
A Forces

Create

Edit L

Copy
Paste

Select All

Delete

Ctrl+Del Expand All

Ctrl+D

Duplicate Collapse Al

Sort

Finally, delete Concretes 1 and 2 in the same way.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 6\Step 2.rptz
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Step 3 — create a new pile group
In Step 3, you will create a new pile group to replace the old one.

1. Open the Pile Group
Wizard by Selecting the File Home Insert Scenario Build Wizards Tools

Wizards tab on A B R 122
Repute’s ribbon and Wisrar | Wikt | Wi Womde | Godpe
clicking on the Pile Yoo S
Group Wizard button.

2. When the Wizard appears, choose the Custom plan
arrangement and change the number of pile rows to m = 5 by
n = 3. (The picture on the left-hand side of the Wizard will
change to show you a generic rectangular pile arrangement.)
Enter 3000 mm as both the X spacing (sx) and the Y Spacing

(sy) but leave the Cover (c) as 150 mm.

Pile Group Wizard

1. Specify the plan arrangement and number of piles

Choose a plan arrangement

Predefined ®) custom

Select the number of piles

m s - xn 3

F oo o ol || s
o o o d;—q) T
k#'l ) 3000 mm
> LY spacing (s;ﬁ 1 5566 T
> [ Cover (0) 150 mm
) Cancel ) Back © Nest ) Firish |
3. Click Next to display page 2 of the Wizard. Choose (Cast-

in-place Concrete) Bored Pile as the pile type.

2. Select the pile type

Choose the pile type

@) (Cast-in-place Concrete) Bored Pile
(Cast-in-place Concrete) Augered Pile
(Pre-cast O m¥Eques’ Vs

4, Click Next to display page 3. Change the Concrete class to
C20/25 and the Diameter/Breadth to 1050 mm. By default,

the concrete will be assigned a Young’s modulus of 30 GPa.
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3. Select the pile material and section

Choose the material

Concrete class C20/25

Steel grade 5235

Choose the section

Diameter/Breadth 1050 mm
5. Click Next to display page 4. Change the Embedded length

(L) to 20 m but leave the Upstand (U) as O m.

4, Enter the pile length and upstand

> [Z Embedded length (L)
> [ Upstand (U)

6. Click Next to display page 5. Change the pile group’s X
position (dX) to 6 m but leave its Y position (dY) as 0 m and
its Rotation (d@) as 0°. This will move the piles in the group
closer to their final positions.

5. Enter the location and rotation of the group centroid
> [Z X position (dX) &m

> [T ¥ position (dY) om
> [ Rotation (dtheta) H

el
7. Click Next to display page 6. Tick Situation 1 to add the
pile group to the scenario.
8. Click Next to display the last page of the Wizard. If you wish

to review any of the settings you have made, click Back to
return to the relevant page.
9. When you are ready, click Finish to generate the pile group.
The Pile Group Wizard then:
e createsPiles 1-15,Pile Cap 1, Pile Group 1,
and Concretes 1-2
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10.

11.

e links Piles 1-15to Concrete 1 andPile Cap 1to
Concrete 2

e adds Piles 1-15and Pile Cap 1ltoPile Group 1

e addsPile Group 1toSituation 1

Select Pile Cap 1 in the Project Manager and, in the

Property Inspector, tick the box Is weightless? (under Material

Properties).

Select Situation 1 in the Project Manager and, in the

Property Inspector, change the Page size to A3, Page

orientation to Landscape, and Scale to 1:100. The Drawing

Board will now look something like this:

*

.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 6\Step 3.rptz

Step 4 — move the piles to their final positions
In Step 4, you will move the piles to their final (asymmetric) positions.

1.

Select Pile Group 1 inthe Project Manager and then, if it
is not already visible, open the Workbook by clicking on View
> Workbook on Repute’s ribbon. Widen the Workbook so
that you can see the columns headed General, Location, and
Dimensions while still displaying the Drawing Board, like this:
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[, « | oo

2. In the Workbook row for Pile 2, select the cell under the
column Y-position (m) and enter the value -4 .5 and press
ENTER. The pile’s position on the Drawing Board will change
automatically.

3. Repeat the previous instruction for Pile 4.
4. Change the X-position (m) of Pile 15to +3.0 m.
5. Change the Y-position (m) of:

e Piles 7 and 9to-1.5m
e Piles 12 and 14to+1.5m.
e Pile 15to+4.5m.

6. Back in the Property Inspector for Pile Group 1, click on
the Resize button to enlarge the pile cap. The Drawing Board
will now look something like this:

You will find everything you've done so far in the file:

[Tutorials]\Tutorial 6\Step 4.rptz
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Step 5 — modify the loads
In Step 5, you will modify the actions on the pile group.

1. Firstly, change the viewing plane by right-clicking on the
Drawing Board and selecting Cross-Section.

2. Select Force 1 in the Project Manager and then, in its
Property Inspector, change Fz to 50 000 kN and select Pile
8 in the Tether to ... box (this will move Force 1 so that it
sits directly on top of Pile 8).

3. Select Force 2 in the Project Manager and, in its Property
Inspector, change Fx to 10 000 kN, Fy to 7 000 kN, and
select Pile 8 in the Tether to ... box.
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4. Select Moment 1 in the Project Manager and, in its Property
Inspector, change Mx to 3 000 kN, My to 5 000 kN, and
select Pile 8 in the Tether to ... box.

5. The Drawing Board will now look something like this:

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 6\Step 5.rptz

Step 6 — perform and review the calculation
In Step 6, you will perform the calculation and review the results.

1. Right-click on Calculation 1 in the Project Manager and
select the Build command on the pop-up menu that appears.
Repute will perform the calculation and then display its
Workbook, Graph Paper, Project Manager, and Message
Board. You can switch to this display at any time by clicking
on the Check button on the View tab.

2. The load vs displacement graph will now look something like
this:
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Calculation 1

3. You can change the graph that appears on the screen by
selecting one of the options in the Pile Group calculation

drop-down box, which nis located on the Graph Paper tab.
For example, if you select Axial displacement sz, the

graph will change to look something like this:

4, You can change the appearance of the graph in the Chart
Designer, which you can display by right-clicking on the
Graph Paper and selecting Options.
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.....

Pile displacements

nnnnnn

Step 7 — close the project
In Step 7, you will close and - optionally - save the project. (Note: this is
not available in the Trial Edition.)

1. Close the project by clicking on the File menu’s Close
command.
2. If you have made changes to the project since it was last

saved, Repute will ask you if you want to save before
proceeding. Answer Yes or No by clicking the appropriate
button.

3. Repute will then (if requested) save and close the project.

You will find a copy of the project in its final form here:
[Tutorials]\Tutorial 6\Tutorial 6.rptz

What next?
Tutorial 7 looks at a pile group with a fully flexible pile cap, with loads
applied directly to the piles.
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Tutorial 7. Circular pile group with fully flexible cap

Introduction

Tutorial 7 investigates the settlement of storage tanks founded on soft
soils reinforced with driven piles, details of which are given in by Thorburn
at al. (1983),% as reported by Basile (2021):?

e The Ground Model comprises 30 m of clay soil with groundwater
located at the ground surface.

e The clay has an undrained strength of 6 kPa at ground surface,
increasing to 60 kPa at 30 m. Its small strain undrained Young's
modulus increases from 4.5 MPa to 45 MPa over the same
depths.

e A total of 55 square precast concrete piles, 29 m long and
250 mm wide are installed on a triangular grid as shown below.

2Thorburn S., Laird C.L. and Randolph M.F. (1983). Storage tanks founded on soft
soils reinforced with driven piles. Proc. Conf. on Recent Advances in Piling, ICE,
London, pp 157-164.

3 Basile, F. (2021). Influence of cap rigidity on pile group design. Proc. Piling 2020 Int.
Conf., British Geotechnical Association (BGA), ICE Publishing, UK, pp 73-78.
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e The precast concrete has a cylinder strength of 25 MPa and
Young’s modulus of 26 GPa.

e Each pile carries a vertical force of 357 kN.

e The pile cap is circular with diameter 16.55 m and is considered to
be fully flexible.

¢ You want to determine the displacement of the piles under
serviceability conditions.

This tutorial shows you how to:

e Import a pile group from data given in an Excel spreadsheet
¢ Import loads from data given in an Excel spreadsheet
e Specify a pile cap this is fully flexible

This tutorial is written for users of the Professional, Enterprise, and Trial
Editions of Repute only. Users of the Standard Edition should look at
Tutorials 1-3.

Overview

e In Step 1, you will create the project.

e In Step 2, you will enter the borehole.

e In Step 3, you will complete the ground model.

e In Step 4, you will import the pile group from an Excel
spreadsheet.

e In Step 5, you will import the loads from an Excel spreadsheet.

e In Step 6, you will specify a custom alpha value for determining
the shaft resistance of the piles.

e In Step 7, you create a boundary element analysis to calculate the
settlement of the piles.

If Repute is not already running, open the program by pressing the
Windows key, typing Repute 3.0 in the search bar, and clicking on the
Repute 3.0 item that should appear. Once the splash screen has
disappeared, Repute displays its Welcome screen.
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If you have an existing project open, click Close on the program’s File
menu. (You will be prompted to save your work if you have not already

done so.)

Step 1 —create the project
In Step 1, you will use the Project Wizard to enter project information and
create a scenario to represent the design situation to be analysed.

2.

Open the Project Wizard _

by selecting the Wizards @ tone e e

tab on Repute’s ribbon ?t

and then clicking on the e T J

Project Wizard button.

When the Wizard appears, type Tutorial 7 in the Project

name box. Choose the folder where you want to save this

project by using the Path control. If you do not change the

setting here, the file will be saved on your Desktop.

Enter Molasses storage tank in the Description box

and 07 in the Project ID box.

Click Next to display page 2 of the Wizard. Since we are not

going to use a design standard, there is nothing to set on this

page.

Click Next to display page 3. In the table, change the Design

Situation of Situation 1 to Persistent (if it is not already

set).

Click Next to display the final page of the Wizard. If you wish

to review any of the settings you have made, click Back to

return to the relevant page.

When you are ready, click Finish to generate the project. The

Project Wizard then:

e creates Site 1, Ground Surface 1,and Situation
1

e adds Ground Surface 1to Situation 1

e creates a new project Tutorial 7.rptz containing all
these items
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You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step l.rptz

Step 2 — enter the borehole
In Step 2, you will use the Borehole Wizard to define the Ground Model.

1. Next, open the Borehole d & = N3 -
w!zard by selecting the/ 4 AR B B
izards tab on Repute’s S B e e || e
ribbon and clicking on the e
Borehole Wizard button.
2. When the Wizard appears, increase the number of layers to 1.
3. Click Next to display page 2 of the Wizard. Change the

Ground type of Layer 1to Clay, its Thickness to 30 m,
and its Weight density to 20.1 kN/m”.

4, Click Next to display page 3. Change the Internal friction
angle of Layer 1 to 30° and leave its Cohesion as 0 kPa and
the At Critical State? box unchecked.

5. Click Next to display page 4. Change the Undrained strength
(top) of Layer 1 to 6 kPa and its Undrained strength
(bottom) to 60 kPa. This strength increase will occur over the
full thickness of Layer 1,i.e.30m.

6. Click Next to display page 5. Since the ground profile does not
include rock, there is nothing to set on this page.
7. Click Next to display page 6. Enter the Shear modulus GO as

1.5 MPa, which is equivalent to a small-strain undrained
Young’s modulus (Ey) of 4.5 MPa, since (with a Poisson’s ratio

v, =0.5) E, = 3G.
8. Enter the Shear modulus G1 as 0.75 MPa.
9. Click Next to display page 7. Tick Situation 1 to add the

borehole to the scenario.

10. Click Next to display the last page of the Wizard. If you wish
to review any of the settings you have made, click Back to
return to the relevant page.
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11.

When you are ready, click Finish to generate the borehole.
The Borehole Wizard then:

e creates Soil 1, Layer 1, and Borehole 1

e links Soil 1to Layer 1

e adds Layer 1 toBorehole 1

e adds Borehole 1to Situation 1

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step 2.rptz

Step 3 — complete the ground model
In Step 3, you will modify the clay’s stiffness of the clay so that it increases
with depth and add a water table to the Ground Model.

1.

Select Soil 1 in the Project Manager (under Materials >
Soils).

In the Property Inspector, close the node Stiffness > Large
strain stiffness and open the node Stiffness > Small strain
stiffness.

Expand the node Stiffness > Small strain stiffness >
Undrained Young’s modulus (Eu) > Variation with depth and
change the value of Eu,ref2 from 4.5 MPa to 45 MPa and
press ENTER

Next, open the Stockyard by selecting the Insert tab on
Repute’s ribbon and clicking on the Ground Model button.

In the Stockyard, create a Ground Water Table by dragging-
and-dropping it from the Stockyard to the Project Manager.
Add Water Table 1 to the scenario by dragging it from the
Project Manager to the Drawing Board.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step 3.rptz
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Step 4 —import the pile group from an Excel spreadsheet
In Step 4, you will use the Import Pile Group Wizard to enter details of
the 55 piles specified for this project.

Before continuing, we recommend you open the spreadsheet Pile group
from Thorburn et al.xlsx in Microsoft Excel to see how the pile
group data has been formatted so that Repute can import it. You can find this
filein the folder [Tutorials]\Tutorial 7.

1. Open the Import Pile L ELEE
Group Wizard by File Home Insert Scenario Build Wizards Tools Licence
: X
SeIeCtlng the WIzardS Ego\a Pi%up §r\ Qa’\anon |mIEila \ﬁ
. Wizard..  Wizard.. Wizard..  Wizard Group...  Loads..
tab on Repute’s ribbon Wi o

and then clicking on the
Import Pile Group button.

2. Navigate to [Tutorials]\Tutorial 7 and select the file
Pile group from Thorburn et al.xlsx.

3. When you are ready, click Open to import the data from that
file. The Wizard then:
e createsPiles 01-55
e creates the pile group and its pile cap
e creates concretes for the pile cap and piles
e creates a square section for the piles
e adds the piles and the pile cap to the pile group
e links one of the concretes and the section to each pile
e links the other concrete to the pile cap

4. Next, expand the Structural Elements > Pile Groups node in
the Project Manager and add the 55-pile group into the
scenario by dragging it to the Drawing Board.

5. Double-click on Situation 1 inthe Project Manager,
under the heading Scenarios > Situations.
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6.

10.

11.

12.

In the Property Inspector,
change the Page Size to A4,
Page Orientation to Portrait,
Viewing Plane to Cross-
Section, and Scale to 1:200.
Some or all of these may
already be set.

To see the pile layout on plan,
right-click on the drawing and
select Plan. Right-click on the
ruler and select 1:100 to
increase the scale of this view
(only).

In the Project Manager, select
Material for ‘Pile

01’ (under Materials >
Concretes) and then, in the Property Inspector, change its
Name to Concrete in piles and its Young’s modulus (E)
to 26 GPa.

Select Material for ‘Pile Cap for ’55-pile
group’’, change its Name to Concrete in pile cap
and its Young’s modulus (E) to 26 GPa.

Select Section for ‘Pile 01’ (under Sections > Simple
Sections) and then, in the Property Inspector, change its
Name to Pile section.

In the Stockyard, select the heading Structural Elements and
then create a Circular Pile Cap by dragging-and-dropping it
from the Stockyard to the Project Manager.

In the Property Inspector, change the Name of the new pile
cap to Circular pile cap, the Thickness to 0.3 m, and
the Material name to Concrete in pile cap. Since the
weight of the pile cap will be included in the forces
subsequently applied to the piles, tick the box Is weightless?
so that the pile cap weight is not included twice in the
calculation.

—
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13.

14.

In the Project Manager, select
55-pile group and then, in

the Property Inspector, set the e
Pile cap name to Circular R R e e
pile cap. Click the Resize e

button to re-size the cap (the
diameter will change to
16.55 m). The cap is shown
hatched to remind you it is
weightless.

Finally, right-click on Pile Cap for ’55-pile group’
in the Project Manager and select Edit > Delete. Answer Yes
when prompted to confirm the deletion.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step 4.rptz

Step 5 —import the loads from an Excel spreadsheet
In Step 5, you will use the Import Loads Wizard to enter details of the
loads applied to the 55 piles.

Before continuing, we recommend you open the spreadsheet Pile loads
from Thorburn et al.xlsx in Microsoft Excel to see how the pile
load data has been formatted so that Repute can import it. You can find this
file in the folder [Tutorials]\Tutorial 7.

1.

Open the Import Loads

Wizard by Selecting the File a Ins é Scenario Build \ d ﬁlz Licens Viey

Wizards tab on Borehole PileGroup  Action ga\nun Import Pile \rﬁ Open
. Wizard. Wizard. Wizard. Wizard... Group... Loads for

Repute’s ribbon and i imper

then clicking on the Import Loads button.

Navigate to [Tutorials]\Tutorial 7 and select the file
Pile loads from Thorburn et al.xlsx.

When you are ready, click Open to import the data in that file.
The Wizard then:
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creates Forces 01-55

creates a combination of actions

adds the forces to the combination

4. Right-click on the Drawing Board and select Cross-Section.

5. Expand the Combination of
Actions node in the Project
Manager and drag

Combined loading onto
the Drawing Board.

6. Select Force 01 in the
Project Manager and look at
its Tether to ... value in the
Property Inspector. This is set
to Pile 01, which means
that the X-position, Y-position,
and Depth values of Force
01 are always kept in sync
with those of Pile 01. I

7. To demonstrate this, select

Pile 01 in the Project
Manager (under Structural
Elements > Piles) and change
its X-Position to =18 m in the
Property Inspector. Both the
pile and the force that is
tethered to it are moved to x
= -18 m. Change the X-
Position of Pile 01 back to

-8 m to restore its original
position.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step 5.rptz
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Step 6 — specify a custom alpha value
In Step 6, you will specify a custom alpha value to determine the shaft
resistance of the piles.

1. Select the Insert tab on Repute’s ribbon and click on the
Algorithm button.

2. In the Stockyard, create an Alpha algorithm by dragging-and-
dropping it to the Project Manager.

3. In the Property Inspector, set the Custom alpha value to 0.82.

Algorithm > Option will change to Custom.

You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step 6.rptz

Step 7 — create a boundary element analysis

In Step 7, you will create a boundary element analysis to calculate the
settlement of the piles and set some advanced options to ensure a fast
calculation.

1. Select the Insert tab on Repute’s ribbon and click on the
Calculation button.

2. In the Stockyard, create a Boundary Element Analysis
by dragging-and-dropping it to the Project Manager.

3. In the Property Inspector, under Links, set the Scenario to
Situation 1.

4, Under Options, set the Drainage condition to Undrained,

the Stress-strain model to Hyperbolic, and the Stiffness
model to Fully flexible.

5. Note that the Raft/soil stiffness ratio equals 0.12, which
indicates that this pile group is Intermediate between fully
flexible and fully rigid. We are choosing to model the pile
group as fully flexible.

6. Expand the Advanced options > Precision node and change
the Mesh granularity to Medium granularity (to reduce
the Degrees of freedom) and the Number of load increments
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to 25. Together these change will speed the calculation up at
the cost of some precision.

7. Advanced options > Curvature (Hyperbolic model) node and
change the Shaft factor (Rfs) to 0.6.
8. Under the heading Algorithms > Soils, set the Shaft adhesion

in undrained soil (alpha = fs/cu) to Algorithm 1.
You will find everything you’ve done so far in the file:

[Tutorials]\Tutorial 7\Step 7.rptz

Step 8 — run the analysis

In Step 8, you will run the boundary element analysis and review the result
obtained.

1. Select the Build tab on Repute’s ribbon and click on the Run
All button.
2. A message box will appear with the message “Please wait -

Running calculation ‘Calculation 1””. The progress bar at the
bottom right-hand corner of Repute’s main window tells you
how much of the calculation Repute has completed.

3. When the calculation finishes, the Graph Paper will appear
showing you load vs displacement curves for all the piles.
Right-click on the Graph Paper and select Options to display
the Chart Designer.

4, Select Legend in the left-hand panel and click Visible on the
right-hand tab sheet to show the graph’s legend. Set the
Horizontal and Vertical layouts to Near.

5. Click OK to close the Chart Designer. You can now tick or
untick the curves you want to see on the graph.
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Calculation 1

Load vs displacement

6. On the Graph Paper tab, click on the text “Settlement
contours (default)” next to the label Pile cap contours to
display contours of pile-head settlement.

calculation 1

Settlement

You will find a copy of the project in its final form here:

[Tutorials]\Tutorial 7\Tutorial 7.rptz
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What next?

Further information about the program’s capabilities can be found in the
Repute 3.0 User Manual and the program’s built-in help system. Details of
the theory that underpins the program’s calculations can be found in the
Repute 3.0 Reference Manual.

Further resources are available from the Geocentrix website:

www.geocentrix.co.uk/repute



