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Introducing ReWaRD 2.7

INTRODUCING REWARD 2.7

ReWaRD® 2.7 provides a rich set of capabilities for engineers to design/analyse:

various types of embedded retaining walls, including sheet pile,
diaphragm, secant and contiguous bored pile sections

cantilever, single-propped, double-propped, and multi-propped walls
in the common soil types, such as gravel, sand, silt, and clay

using various current and historical design standards (such as Eurocode 7
and BS 8002)

ReWaRD employs the limiting equilibrium method to analyse cantilever and single-
propped retaining walls; and the ‘hinge method’ to analyse double-propped and
multi-propped walls. Both traditional lumped factors-of-safety and modern partial
factors can be applied in these calculations.

ReWaRD estimates wall movements by reference to a database of measured wall
displacements and ground settlement.

What’s in ReWaRD 2?2

Drawing Board provides elevation view of your project

‘Live’” editing of any object in the project

Stockyard allows quick access to individual components of the project
Program contains over 100 predefined items for use in your project

Construction Wizard guides you through setting up sequenced
construction stages

Workbook provides a spreadsheet-like display of all results
Workbook gives a graphical views of key results

Message View records program activities and displays warning and error
messages as appropriate

Comprehensive Reference Manual.

What’s new in ReWaRD 2.7?

Implementation of Eurocode 7 (EN 1997-1) design rules for Design
Approaches 1, 2, and 3

Option to apply partial factors to actions or effects of actions
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(] Updated user interface, with better organization of menu options
(] Support for running the program on Windows 7

(] Updated User Manual and new Quick-start Guide.

Documentation

ReWaRD 2.7 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/ReWaRD and follow links to ReWaRD’s documentation).

Quick-start guide (this booklet)

The ReWaRD Quick-start Guide includes three tutorials that show you how to use
the main features of ReWaRD. Each tutorial provides step-by-step instructions on
how to drive the program. The tutorials increase in difficulty and are designed to be
followed in order.

User manual

The ReWaRD User Manual explains how to use ReWaRD. It provides a detailed
description of the program’s user interface.

Reference manual

The ReWaRD Reference Manual gives detailed information about the engineering
theory that underpins ReWaRD’s calculations. The manual assumes you have a
working knowledge of the geotechnical design of embedded retaining walls, but
provides appropriate references for further study if you do not.

Help system

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

Help appears in a separate window to ReWaRD, allowing you to view the help
topics while you continue to work with ReWaRD itself. To open the help system:
o Press F1
(] Click the Help button in any dialog box

(] Click on the Help command on ReWaRD’s main menu and select
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‘Contents’

Software Re-Assurance™

Software Re-Assurance (which includes maintenance updates, version upgrades,
and technical support) for ReWaRD is available direct from Geocentrix or through
your local distributor. To obtain Re-Assurance, please contact Geocentrix as
follows:

ReWaRD Technical Support Voice: +44 (0)1737 373963
Geocentrix Ltd Fax: +44 (0)1737 373980

Scenic House, 54 Wilmot Way E-mail: support@geocentrix.co.uk
Banstead, Surrey Web: www.geocentrix.co.uk/support

SM7 2PY, United Kingdom
Please be at your computer and have
Please quote your licence number on | your licence number ready when you
all correspondence call

Maintenance updates are available free-of-charge from the Geocentrix website.

Notes

The screenshots in this guide were produced on Windows 7. Your screen may
differ, depending on the version of Windows on which you run ReWaRD. Not all
options are available in every edition of ReWaRD.

In this guide, ‘[Projects]’ refers to the folder where your ReWaRD projects are
saved, typically:

on Windows XP:
C:\Documents and Settings\All Users\Geocentrix\ReWaRD\2.7

on Windows 7 and later:
C:\Users\Publ ic\Documents\Geocentrix\ReWaRD\2.7
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TUTORIAL 1
CANTILEVER WALL IN SAND

This tutorial demonstrates the basic features of ReWaRD, through a worked
example involving the analysis of a cantilever wall in sand:

(] Ground conditions comprise 15 m of dense sand. The sand has unit
weight of 17 kN/m’ and angle of shearing resistance of 35°.

®  The groundwater table is 15 m below formation level and hence the sand
can be considered dry throughout.

®  The retaining wall, which is made from a 0.6 m thick diaphragm panel,
will support a 4 m deep excavation without the aid of propping.

(] You want to determine the wall’s minimum depth of embedment and the
maximum bending moment and shear force it must resist.

Overview

(] In Step 1, you will use the Construction Wizard to create the scenario
described above, including the wall, a borehole, excavation, and ground
surface.

° In Step 2, you will select the design standard to use when calculating the
wall’s stability.

(] In Step 3, you will calculate the resultant structural forces (‘effects of
actions’ in Eurocode terms) acting in the retaining wall

. In Step 4, you will review the earth pressures that were used to calculate
the resultant structural forces acting in the retaining wall.

(] In Step 5, you will determine the depth of embedment required to satisfy
the requirements of Eurocode 7 with regards to overall stability of the
wall.

(] In Step 6, you will close (and optionally save) the project.

If ReWaRD is not already running, Start-up Wiwd b [t
double-click on the ReWaRD icon on rVaro ReWaRD®
Windows’ Desktop to start the program. Vikoma oReWF0 27 3 cweat | |
Once the splash screen has disappeared, W=k 2 b |
ReWaRD displays its Start-up Wizard. Select Eoot & e gachet

Run the Construction Wizard from the
available options and click Go to proceed.

Conata & roees prcpect from a Jamrpiate
Qpen an exitting proect
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If ReWaRD is already running and you have an existing 1

project open, click Close on the program’s File menu. Help
(You will be prompted to save your work if you have :
not already done so.) Then, open the Construction
Wizard by selecting Tools on ReWaRD’s main menu
and then click on the Construction Wizard command. Start-up Wizard...

Construction Wizard h

Upgrade Wizard

Step 1 - create the project

In Step 1, you will use the Construction Wizard to
create a scenario including the wall, a borehole, excavation, and ground surface.

1 The first page of the Wizard (‘Step 1) asks you to specify the finished geometry
of the retaining structure. Select the Cantilever button and set the Retained
Height to 4 m.

Constructon Wizard b

o Step 1. Pleaze speciy the frizhed geomelry of the
1elaring thiachue
E%--\
| . @ Cantlever
Fropood Cantiever
Double-propped
Mulipropped Xc
Humbes of Frops 9 Help

ifil e Jg

Restarmed Heght 5 am -

2 Click Next to continue.

3 Step 2 of the Wizard asks you to enter the depths of any props. [
Since there are none in this example, click Next to continue.

4 Step 3 of the Wizard asks you to enter the properties of the
predominant soil type. Select ‘Sand’ from the Soil Type box; leave the Wet
Mass Density at its default value; enter a Dry Mass Density of 1733 kg/m’
(equivalent to a weight density of 17 kN/m®); and finally enter an Angle of
Friction of 35°.

rtomtnmm:m W1
Step 3 Pleate arter the peopartis: of the.
predorminant sod lype

—
%, S % So .
Prenvious:

WelMaszDensly -+ 0T kgt - g
DyMassDensly = 173 hgiw = X Cocel |
Angle of Faction 5 deg 7 Hep

5 Click Next to continue.
6  Step 4 of the Wizard asks you to choose the type of retaining wall to create.
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Select ‘Diaphragm Wall’ in the Wall Type box and enter 600 mm in the Width

box.
Constructon Wizard W
o Step 4 Pleate choose the type of retaning wal
{15 SRS ——
Widh 500 - mm o Previous

7 Click Next to continue.
8 Step 5 of the Wizard asks you where you want to place any water tables.
Select the Neither Side button (since the ground is dry).

Constructon Wizard
Step 5 On which zide of the wall do you want
& wiahet lables?
—,
| E & Both Sides
Rstaned Side Only o Previos
Encavated Side Oy
@ Nedher Side X Concel
? Heo

9 Click Next to continue.
10 Step 6 of the Wizard asks you to generate the project. If you want to change

any settings made in the previous steps, click the Previous button to go back.
Constructson Wizard )

Y Step B Chooze Go to genarste tha peopct

o Previonr
X Concel
? Heb

11 Click Go to generate the project.
The Construction Wizard then:

[ Creates Ground 1, Wall 1, Soil 1, Layer 1, Borehole 1, Stage 1, and
Excavation 1

(] Attaches Soil 1 to Layer 1
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(on both the retained side and the

(] Adds Layer 1 to Borehole 1
° Adds Ground 1, Wall 1, Borehole 1

excavated side of the wall), and Excavation 1 to Stage 1
°

You can view these objects by selecting the
‘All Objects’ option in the Stockyard’s
Object Types panel (top-left of the
Stockyard). The Stockyard will look as
shown in the picture alongside.

To view the properties of any particular
object:

1. Select the object you want in the
Stockyard’s Existing Objects panel
(top-right of the Stockyard). For
example, select ‘Soil 1 (Generated)’

2. A summary of the selected

object’s properties will appear in
the Stockyard’s Properties of
Selected Object panel (at the
bottom of the Stockyard)

Now is a good moment to save your work
to disk, which you can do using the Save or
Save As commands on ReWaRD'’s File
menu.

A copy of this step can be found at
[Projects]\Tutorial 1\Step 1.rwd.

Opens the Workbook to display the contents of Stage 1

B =S BN 5|
Damet Troms | Esising Dtwcts
o T - | = (eI

! Construction Stage
I Ground Profiles

- wall | [Generated]
% Sod | [Genersted)

ks Excavations T Layer 1 [Generated)

§ Sois B Roashole 1 (Gonotated]
= Layess ~f! Stage 1 [Generated]

B Borcholes E ||l Excavation 1 (Gersiated)
¥ Waoter Tables

144 Surehasges

+ Inposed Loads

25 Retaining Walls

- Piops

o Anchars

s Dther Diyecis

P atinc gkl —

e T s P e o e
Properiies of Selected Dbiect
General

+HNames = Sod 1 [Gonesatod)
+Typn = Sand

Clate = Unclassifiod

Shate = Unapocilied

et weight = 200 1480 kN /m*
Dy weight = 16.3949 kN/m!
Failusn statn = Peak

Fiiction = 35"

Cohesion = 0 kPa

Poixson's ratio = 0.3

Motes

Step 2 - choose the design standard

In Step 2, you will select the design standard t
stability.

1. If it is not already ticked, select
Eurocode 7 > Design Approach 1
Combination 2 (DA1-2) from
ReWaRD’s Design menu.

2. Next, review the settings for

Eurocode 7 DA1-2 by selecting

o use when calculating the wall’s

Desigr Approsch | Combation 1

Deugn Approsch | Combmation 2
Design Approach 1
Design Approsch 1

[rmp——

Pre-standard ENV 19371
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Design Standard... from the from the Properties menu.
EN 1997-1 (Design Approach 1-2) [
a [[Genetal | Losd Factos | Matmia Factor| Fmsitan_ »| [ x|
L~ | Lsntrrg Esuth Prasaue Coslhicients X Carcel ]
Kenizel & AL T——
M Dapth of Tanson Crack Ziloads J
Y erson crack m ? Heo |
Cantilever Tosdn F 1} x
¢ Apply pastial factors o effects fnstead of actions]

3. Click on the Load Factors tab to P“""‘F““"“’“"'"E‘; e Fer
confirm that a partial factor of 1.0 is b . it °1
applied to permanent and accidental -
actions and 1.3 to variable actions (as 1
per the requirements of EN 1997-1). foskeona

4. Click on the Material Factors tab to Pattal Facioz on Dianed Parameters
confirm that the factors applied to Sheaiing Fesistance [tan phi
tan @ and ¢’ are 1.25 and to ¢ is 1.4 Efteciva Cohesion (c] 1.5
(again, as per EN 1997-1).

Paitisl Factors an Uncaned Parsmeters

5. Review other settings by clicking on Undrained Strangth [Cu] 14
the various tabs in turn. e e

6.  Click OK to close the property box.

A copy of this step can be found at [Projects]\Tutorial 1\Step 2.rwd.

Step 3 - calculate structural forces

In Step 3, you will calculate the resultant structural forces (‘effects of actions’ in
Eurocode terms) acting in the retaining wall.

1.

If it is not already selected, click on the Workbook to make it active. (The
commands on the Calculate menu are only enabled when a Workbook
is selected.)

Open the Calculate menu and choose the Structural Forces command.
Alternatively, click on the Calculate structural Forces button on the
Workbook'’s toolbar (a tooltip will popup when you hover the mouse
over the button).
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e i i e

3. ReWaRD then calculates the |
wall’s required embedment |
with the selected partial
factors applied and uses those |
earth pressures to calculate
the resultant structural forces
in the wall. The program
displays its results pictorially,
as shown on the right. The
largest factored bending
moment and shear force in
the wall are also given. In
Eurocode terms, these are
ultimate limit state design values.

4. You can view numerical
values of the structural forces
by selecting Table on the |z
Workbook’s View menu.
Columns B to E show
structural forces without
partial factors applied to the
effects of actions; columns F
to | show them with the
partial factors applied. (Since the partial factor applied to effects of
actions according to EN 1997-1 is 1.0, these values are the same in this
instance.)

5. You can search for the maximum bending moment in the wall as follows.
First, click anywhere in the Moment Factored column. Then open the
Edit menu and choose the Find command. Alternatively, click on the
Find button on the Stockyard’s toolbar.

6.  In the Find box that appears, select
what you want to search for (e.g. the
Maximum) and click OK to perform
the search. The Workbook display will
scroll to show the maximum bending ligrore Sign
moment along the wall.

Find

Firvd Wit 7

Mavdeum Minsmum

A copy of this step can be found at
[Projects]\Tutorial 1\Step 3.rwd.
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Step 4 - review earth pressures

In Step 4, you will review the earth pressures that were used to calculate the
resultant structural forces acting in the retaining wall.

1.

To display the earth pressures that were used to calculate structural
forces, open the View menu and choose the Earth Pressures > At
Minimum Safe Embedment command. To display the results in graphical
form, re-open the View menu and choose the Picture command.

[ s Mt it B s i it —

L e B -

The drawing shows active and passive earth pressures on either side of
the wall; and indicates (with a red dashed line) the extent of the
unplanned excavation that has automatically been taken into account.
The depth of the earth pressures corresponds to the minimum safe
embedment of the wall. These earth pressures are in equilibrium, with
partial factors from the specified design standard applied.

You can display earth pressures over the full extent of the wall, as follows.
Open the Calculate menu and choose the Earth Pressures > As Built
command. (ReWaRD will automatically display the results of this
calculation when it has finished. Earth pressures for the ‘as built’
condition have partial factors applied in their calculation, but are not
normally in equilibrium, unless the wall’s embedded length happens to
match that required by those factors. See the ReWaRD Reference Manual
for an explanation of the different types of earth pressure that the
program calculates.
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[ ——— =)

4. You can display earth pressures at the point at which the wall would fail
(i.e. with no safety margin built in), as follows. Open the Calculate menu
and choose the Earth Pressures > At Failure command. Earth pressures
for the ‘at failure’ condition are in equilibrium but have no partial factors
applied in their calculation.

5. You can view numerical
values of any of these earth
pressures by selecting Table
on the Workbook’s View
menu. In its default
appearance, the Table View
displays design values of
earth, water, and total
pressures on both sides of the wall.

i

6.  You can view the earth pressure
coefficients used in the calculations, by
selecting Earth Pressures >
Coefficients on the Workbook’s View
menu. In this appearance, the Table
View displays design values of K and
K, on both sides of the wall (i.e. K, and
K, on the retained side and K, and K.
on the excavated side).

el
I

i

7. Finally, you can view all the values used to calculate earth pressures, by
selecting Earth Pressures > All on the Workbook’s View menu. In this
appearance, the Table View displays the results of every step in the
calculations (see the ReWaRD Reference Manual for details).
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A copy of this step can be found at [Projects]\Tutorial 1\Step 4.rwd.

Step 5 - check the required embedment

In Step 5, you will determine the depth of embedment required to satisfy the
requirements of Eurocode 7 with regards to overall stability of the wall.

1. Open the Calculate menu and choose | [ Wakback Sagel (Genersted - Required Embedment
the Required Embedment command. [
(ReWaRD automatically switches the
Workbook to its Summary View.)

2. The Workbook displays its results in a
tree-like structure, similar to that used
in Windows Explorer. You can expand
any particular node by clicking on the
+ button next to its caption; and you
can collapse a node by clicking on the
- button.

3. The required embedment of the wall is displayed under the At Minimum
Safe Embedment branch of this tree structure.

s TR tiGR L wall 152 = -1 S5 A KL -Hn\h‘_"'"‘—\I
¢ At Minimurm Safe Embedment

4,  To see the partial factors that were

applied in the At Minimum Safe - € Retaining Wall

Embedment calculation, expand the <

Partial Factors branch by clicking on -4 Factars on actions }
its + button. Then click on the + 0 ;_;c2::.::.::?::.2':5‘:;_-;
button next to Factors on material Q Oncictive cobesion = 125 !
properties. The Workbook will display L ,_,2'2,“0;,':';‘,“":"9”‘ i

the values of the partial factors that i1 ) Safety margins on geometry

were applied to shearing resistance i P e

(1.25), effective cohesion (1.25), and ='rF”:szr:"’"-*"ﬂ'-’"'-°== 1049 k/m
undrained strength (1.40). B

A copy of this step can be found at
[Projects]\Tutorial 1\Step 5.rwd.

Step 6 - close the project

In Step 6, you will close and (optionally) save' the project.

1. Open the program’s File menu and click Exit.

'You cannot save the project in the Trial Edition of ReWaRD
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2. If you have made changes to the project since it was last saved, ReWaRD
will ask you if you want to save it before proceeding. Answer Yes or No
by clicking the appropriate button.

The docurnent has been changed.

Do you want to save the changes?

3. If you have not already named this file, ReWaRD will display its Save As
box. Enter the name you want in the File name box and click the Save
button. ReWaRD will then save and close the project.

T Save s i i
Saven Tutonial 1 - 0% >0
= Hame Diate madifued Type
- 0 Step LRWD LUTIIEIS  ReWaRD:
RecentPlaces 70 grec 2. AWD 40772001 18:21 ReWaRD ;
= T Tustorial 184D O4O1/2001 1821 ReWaRD:
Desitop
=
Libearies
Computer
@
Metwork
Fie rame Tutonal 1 AWD et Save i
Sovesstwe  [FaMafiD Documert CAWD) s | caed |

A copy of this project can be found at [Projects]\Tutorial 1\Tutorial

1.rwd.

What next?

Tutorial 2 shows you how to build a project from scratch using ReWaRD's drag-
and-drop design features; and demonstrates how to produce a printed report.
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TUTORIAL 2
PROPPED WALL IN STIFF CLAY

Tutorial 2 helps you to extend your knowledge of ReWaRD, by designing a
propped wall in stiff clay. The tutorial shows you how to build a project from
scratch, without using the Construction Wizard; drag engineering objects from the
Stockyard and drop them onto a Workbook's Drawing Board; and obtain a printout
of your input and output data.

The worked example is taken from CIRIA Report 104, Design of retaining walls
embedded in stiff clays (by Padfield and Mair, 1984). Appendix C of that report
includes calculations for propped walls in stiff clay with and without seepage
around the wall. Example C.2 involves design of a wall supporting an excavation in
stiff clay.

(] Ground conditions at the site comprise an unspecified thickness of stiff
clay (Vg = Yo = 20 kN/m’; @ = 25°; ¢’ = 0 kPa).

(] Groundwater is at T m below ground level on the retained side of the
wall and at T m below formation level on the excavated side.

®  The wall (type unspecified, but assumed herein to be secant piled) will
form part of the temporary works and will retain 8 m of soil.

(] The wall is supported by a prop at 2 m below ground level.

. You want to calculate the wall's minimum depth of embedment; the
maximum bending moment and shear force in the wall; and the force in

the prop.
Overview
(] In Step 1, you will create a construction stage and display its Workbook
showing a blank Drawing Board.
(] In Step 2, you will define the geometry of the ground on both sides of
the wall.
° In Step 3, you will create a retaining wall of the appropriate type, specify

its length and cross-sectional properties, and then create a prop to
support the wall.

(] In Step 4, you will specify ground conditions at the site - using a soil to
represent the properties of the clay, a layer to represent the geometry
and drainage conditions of that soil, and a borehole to represent the
elevation and ordering of the layers.
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In Step 5, you will create two water tables, one on each side of the wall.

In Step 6, you will select the design standard to use when calculating the
wall’s stability.

In Step 7, you will determine the required embedment for this design
situation, according to CIRIA 104’s Gross Pressure Method.

In Step 8, you will determine the resulting structural forces in the wall
according to CIRIA 104.

In Step 9, you will obtain a hard copy of your results.

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

If ReWaRD is not already running, double-click on the ReWaRD icon on Windows’
Desktop to start the program. Once the splash screen has disappeared, ReWaRD
displays its Start-up Wizard. Select Create new project from the available options
and click Go to proceed.

If ReWaRD is already running and you have an existing project open, click New 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 construction stage

In Step 1, you will create a construction stage and display its Workbook showing a
blank Drawing Board.

1.

Open the program’s Create menu and click on
Construction Stage... to display the Create Constiyction Sugee.
Construction Stage box. Alternatively, click on the S
Create Construction Stage button on the .
Stockyard’s Toolbar.

I ) EIEIFY
The Create Construction Stage box will open. | G Comtrucion siage ===
Since there is only one option to choose from, || see e ncese s o |
click the OK button to proceed. + BT X coreai |
The “Properties of Construction Stage 1’ box R

will open. This is a multi-paged dialog box that
allows you to set the properties of the newly-
created construction stage. Change the Name
of the construction stage to ‘Example C2’ and click OK to proceed. (The
stage’s other properties will be set later.)
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Propertet of Consnuction Stage 1 ==
- oot || e | Bombcien | e Tatiew! o] [ O I
T - X Cacel
Tope  Conucson fiage
7 Delads

4. ReWaRD will create a new construction stage with the name ‘Example
C2’, add it to the Stockyard, and then open a Workbook showing the
contents of that stage (which is currently empty). Your screen should
now look something like this:

A copy of this step can be found at [Projects]\Tutorial 2\Step 1.rwd.

Step 2 - create the ground conditions

In Step 2, you will define the geometry of the ground on both sides of the wall.

1. Click on the Stockyard to make sure it is selected (the commands on the
Create menu are only enabled when the Stockyard is selected).

2. Open the program’s Create menu and click on Ground Profile... to
display the Create Ground Profile box. Alternatively, click on the Create
Ground Profile button on the Stockyard’s Toolbar.

Create Geound Profile [
8 ol AR 8[| 07l 4] 5] | TR
Bfemeisors | s
3. The Create Ground Profile box will open. Pl G X coci |
. . Fi Geourd 2
Select ‘Horizontal Ground’ and click OK to iAo P b |
proceed. |

|
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4.

10.

The ‘Properties of Ground Profile 1’ box will open and display its General
page. Change the Name of the ground profile to ‘Ground Surface’ and
click OK to proceed.

Bropertes of Ground Proble 1 =]
Gemal | Nows | Delmis < o ||

. - | coe
Ty o Geed il oo |
R

ReWaRD will create a new ground profile named ‘Ground Surface” and
add it to the Stockyard. To add this ground profile to the construction
stage, you drag it from the Stockyard onto the Workbook’s Drawing
Board. To do so...

First, with the cursor located over the
‘Ground Surface’ item in the
Stockyard, click - and hold down -
the left mouse button to select that
item.

Second, without releasing the mouse
button, move (drag) the cursor over
the Workbook (anywhere where do).
The cursor will change to indicate
where you can drop this item.

Finally, release the left mouse button
to drop the ground profile into the
construction stage. The ground profile

will immediately appear on the et
drawing, to the left of the vertical
datum line.

Now repeat the above steps for an excavation. Click on the Stockyard to
make sure it is selected (the commands on the Create menu are only
enabled when the Stockyard is selected).

[Creste] Propemes Dessgn Caicu
Construction tage

Open the program’s Create menu and click on
Excavation... to display the Create Excavation box.
Alternatively, click on the Create Excavation
button on the Stockyard’s Toolbar.

1 ) ] ()8 07 4] 5wl

Grouns Prefile

Excavation Iy

Soil.
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11.  The Create Excavation box will open. Select Create Excavation ===
‘Horizontal Excavation” and click OK to Stkcbmcnduoss [ oc |
proceed. LTI X coeel ||
o Pizing Excavation 1
12.  The ‘Properties of Excavation 1’ box will open. :;:’E:c:: 2 b |
Change the Name of the excavation to ‘8 m |
dig'. _ ]
13. Click on the Dimensions tab to change page.
Change the Depth of the excavation to 8 m and click OK to proceed.
(The Plan Dimensions of this object will take on default values.)
.?Wﬂ of [xcesston 1 ﬂ
f Gorwesi | Dimensons | P Dinarsicns| umJ'/ o I
Detvienl [ © e - X Corcel
# Delmits
Hee' |
14. ReWaRD will create a new excavation 5“;
named ‘8 m dig’ and add it to the
Stockyard. To add the excavation to
the construction stage, drag it from
the Stockyard and drop it onto the
Workbook’s Drawing Board as
explained above.
15.  When you release the left mouse button to drop the excavation into the

construction stage, it will immediately appear on the drawing, to the right
of the vertical datum line. The Drawing Board should now look like this:

e Tard [ 1| 40 b e bt | [ W Mt Ly acors | 700
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A copy of this step can be found at [Projects]\Tutorial 2\Step 2.rwd.

Step 3 - create the wall and prop

In Step 3, you will create a retaining wall of the appropriate type, specify its length
and cross-sectional properties, and then create a prop to support the wall.

1. Click on the Stockyard to make sure it is selected (the commands on the
Create menu are only enabled when the Stockyard is selected).

2. Open the program’s Create menu and click on Retaining Wall... to
display the Create Retaining Wall box. Alternatively, click on the Create
Retaining Wall button on the Stockyard’s Toolbar.

] IO 2] lia] 8] 0] ] ] Dom] | of e b et i
Select the chyect 1o cresle 7 ok i
P . s Shest P -
3. The Create Retahlnmg Wall box_wxll open. e (I 2 cic | .
Select ‘Secant Pile Wall’ and click OK to -] L || .
proceed. eceril |

|| W King Fost \wal
4, The ‘Properties of Retaining Wall 1" box will
open. Change the Name of the wall to ‘20 m
long wall’.

5. Click on the Dimensions tab to change page. Change the Toe Depth of
the wall to 20 m.

Propersies of Retireng Wal 1 il

A Geraal |Dmersiorn]  Secien | Ml || 2 o] 0c ||
-* Ton Decttovet 1 0 ET - | X Cocr |
Upstaret - Dty

ToislLangh n . ? tee ||

6.  Click on the Section tab to change page. 027 -
Change the Diameter of the piles to 750 mm ) o et s
and click OK to proceed. An error message
will appear telling you that the ‘Spacing must =

be between 100 mm and 750 mm’. (Since this
is a secant piled wall, the spacing must not
exceed the piles’ diameter.) Change the Spacing of the piles to 600 mm
and click OK to proceed. The remaining sectional properties update as
you do so.
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Properies o tarieg Wat 1 i
L e | Deweers | Section | b || o[ 0x II
.m Diawetes 50 - - . X Corcel |
Sorg = el
foea Hel ,

7. ReWaRD will create a new retaining wall named ‘20 m long wall’ and
add it to the Stockyard. To add the wall to the construction stage, drag it
from the Stockyard and drop it onto the Workbook’s Drawing Board.

8.  Now repeat the above steps for the prop. Click on the Stockyard to
make sure it is selected. Open the program’s Create menu and click on
Prop... to display the Create Prop box. Alternatively, click on the Create
Prop button on the Stockyard’s Toolbar.

¥ S <] sl 8o 0¥ w4 sa)la)

9.  The Create Prop box will open. Select Create Prop ==
‘Horizontal Prop’ and click OK to proceed. Selectthe cbiec o cresle 7 o |

10. The ‘Properties of Prop 1’ box will open and Nsrgpe | X G ||
display its General page. Change the Name of SETH
the prop to ‘Prop at 2 m’. |

11. Click on the Dimensions tab to change page.

Change the Depth of the prop to 2 m and
click OK to proceed.
Froperties ofProp 1 i ==
p— Gerwnsd | Omermions | tioime | Dotnt | o |
Depmeel X Coreel !
Spacegy E 7 Del |:
e I |
|

12. ReWaRD will create a new prop named ‘Prop at 2 m’ and add it to the
Stockyard. To add the prop to the construction stage, drag it from the
Stockyard and drop it onto the Workbook’s Drawing Board.

13. Right-click on the Drawing Board’s ruler to change its scale to 1:250 (if

not already set to this value). The Drawing Board should now look like
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this:

B Oy P It | ] b i st | [l W Mot st s | [ 700

A copy of this step can be found at [Projects]\Tutorial 2\Step 3.rwd.

Step 4 - create the borehole

In Step 4, you will specify ground conditions at the site - using a soil to represent
the properties of the clay, a layer to represent the geometry and drainage
conditions of that soil, and a borehole to represent the elevation and ordering of
the layers. This step will also demonstrate a quicker way to create objects.

1. Right-click on the word ‘Soil’ in the [E] Hockyan Seep 1EWO
. . Chmect Tvoms Exéstna Chuects
Stockyard’s Types Pane to display its | smoes:
context-sensitive menu. Click New to i Gt ookl
expand the sub-menu and then click | & - .
Clay to create the new soil. i gl
Alternatively, click on the Create Soil | ¥ ¥« sand
g Geanute St
button on the Stockyard’s Toolbar. - inposed Lusd Comive S
5 et onriney 'l = |
CL g B |
o Anches Crgumie |
MM
SEEEISN O DEIMETE TIEPY

2. The ‘Properties of Soil 1" box will open and display its General page.
Change the Name of the soil to ‘Stiff clay’.

3. Click on the Classification tab to change page. Change the soil’s State to
‘Stiff’.

4,  Click on the Density/Weight tab to change page. If not already selected,
click on the Weight Density button. Then (if necessary), change the soil’s
Saturated and Unsaturated weight densities to 20 kN/m’.

5. Click on the Effective Stress tab to change page. Change the soil’s Angle
of Friction (i.e. shearing resistance) to 25°, but leave the other properties
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unchanged.

6.  Click on the Total Stress tab to change page. Change the soil’s undrained
strength to 60 kPa.

Propertsof Sk 1 ﬂ
__‘ Dty wimghi] Efucthon Shess | Tt Sbest | Mol o o[ & OF l-
1 S W a— X coce ||

7. Click on the Notes tab to change ReWiD 27 B [
page. When you do so, a warning : i
message will appear telling you that b
the ‘soil parameter is outside the
normal range’. This occurs because for e enteed s coneat
a clay specified as stiff, ReWaRD - -
expects its strength to be between 75 e
and 150 kPa. The entered value of
60 kPa will be accepted, but only after confirmation via this warning box.
Click Yes to confirm the value and proceed.

8.  Click on the Notes tab again and then add any information you want to
attach to this soil via the text control there. Finally, click OK to confirm
the entered values and to proceed. ReWaRD will create a new soil
named ‘Stiff clay’ and add it to the Stockyard.

9.  Next, right-click on the word ‘Layer’ in | Bissdus im0 : ==r

. Dewens Tucrs [Essra Dtiects
the Stockyard’s Types Pane to display Mot ]
its contextsensitive menu. Click New | /& comtnae
to expand the sub-menu and then e
click Undrained Layer to create a new :F s
layer. FwateTaties | Oweedlow

10. The ‘Properties of Layer 1" box will bty =y
open and display its General page.

11. Click on the Properties tab to change page. Change the Soil to ‘Stiff clay’

and change the layer’s Thickness to 30 m. Click OK to confirm these
settings and to proceed. ReWaRD will create a new layer named ‘Layer
1" and add it to the Stockyard.



Tutorial 2: Propped wall in stiff clay

27

12.

13.

14.

15.

Finally, right-click on the word

create a new borehole.

Propertes of Laye 1 . -H
- Gl | Prooetiet | Tarmon Ciack| Cosficana’ o[ | o 0] I
sal S chy § =l | X cocel |
b s
123 P e |
BLR 1 - :
R
[ stockyarc Step 3RWD - ‘]
‘Borehole’ in the Stockyard’s Types gy —
Pane to display its context-sensitive -+ Canstusction Stage
menu. Click New to expand the sub- :E,'::,“:,:”’
menu and then click Borehole to 8 sl
5 Layer
|: w‘u New | | Object.
' : , :
The ‘Properties of Borehole 1" box will |4, sucheges S

open and display its General page.

Click on the Layers tab to change

4 Inpazed Load

page. Select ‘Layer 1" in the Available box and click the --> button to
move it into the Chosen box. Click OK to confirm these settings and to

proceed.

bropertes of Borenae 1 il
Gorwat | Lowws | Mot | Dofuie | o X I
Lonhain

» o | X

Dol

? W

ReWaRD will create a new borehole named ‘Borehole 1’ and add it to

the Stockyard. To add the borehole to the construction stage, drag it
from the Stockyard and drop it onto the Workbook’s Drawing Board. The
Drawing Board should now look like this:
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Toard [ 1| I 40 bl e bt | [ 9. M sy o | [

A copy of this step can be found at [Projects]\Tutorial 2\Step 4.rwd.

Step 5 — create water tables

In Step 5, you will create two water tables, one on each side of the wall.

1.

display its context-sensitive menu. § e
Click New to expand the sub-menu [T :
and then click Linear Seepage Water | ¥HEERE™=m== "
table to create the new water table. E::-:::m' -‘ et e
2. The ‘Properties of Water Table 17 box = mes
will open and display its General 2 Db e Hpdrodymanic Wate Tabe
page. Change the Name of the water T
table to ‘Retained water’. Tide Vistr Table
3. Click on the Properties tab to change page. Change the water table’s
Depth to 1 m. Click OK to confirm the entered values and to proceed.
Propertes of Waser Tabie 1 ]
By Gema | P |Coectot] e | P II
‘ P & e - |
[ B0000% M
4. ReWaRD will create a new water table named ‘Retained water’ and add

Right-click on the words ‘Water Table’ [ G

in the Stockyard’s Types Pane to

<! Camatruction Stage
I Gl Prolies
s Enearvation

it to the Stockyard.
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5. Repeat the previous steps to create a second Linear Seepage Water
Table named ‘Excavated water’ at a depth of 9 m.

6.  Add the two water tables to the construction stage, by dragging them
from the Stockyard and dropping them onto the Workbook’s Drawing
Board. The ‘Retained water’ object should be dropped to the left of the
wall and the ‘Excavated water’ object to the right. The Drawing Board
should now look like this:

e =

B P 1| [ 0 s gt st | [ WIS Mmoot Tty Tt

7. If you make a mistake dropping the water tables, so that they do not
appear as shown above, then you can rectify this by dragging them back
into the Stockyard.

8.  Alternatively, double-click on any white area on the Drawing Board to
display the Construction Stage’s properties box. Click on the Water
Tables tab to change page. Then change the tick marks in the On
Retained Side and On Excavated Side boxes to match the screenshot
below. Click OK to confirm and to proceed.

Fropertaes of Example 2 ==
« Cow | Boretles |Woker Tabled| Siachages. + o] | & Of I
(n Fetared Side O Esarvated Side X ot |
W & Retamed ver L Petared water =1
4 Bceondwan (|2 4 Evessicdwan L Daloats |
2 Mo J

A copy of this step can be found at [Projects]\Tutorial 2\Step 5.rwd.
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Step 6 — choose the design standard

In Step 6, you will select the design standard to use to when calculating the wall’s

stability.

1.

If it is not already ticked, select
CIRIA 104 > Gross Pressure

Method from ReWaRD’s Design

menu.

Next, edit the settings for CIRIA
104 Gross Pressure Method by

TE] Calculate  Toeks  Win)

P2

Piling Handbook ' :
v CRAI4 v | ¥ Gross Pressure Method B
Geoguide 1 Revised Method

BS 8002 , Strength Factor Method

Eurocede? v

selecting Design Standard... from

the Properties menu.

On the General page, set the Design Approach to ‘Moderately

Conservative’ and the Works to ‘Temporary’.
[[c2R1A 104 (Grass Pressure Methad) (=)
(/_h \  Genersl | Load Factors| Matenial Faciass| Fiesistan) < o] |« OK
IR —
j Lirnairgg E et Prasause Coslficisnts X Cencel l
vick & Easisel —
M Dapth of Tanson Crack
T enion canck imsed b the setined haig 7 Hep
Cantilever Tosdn 2 x
Desgn Appesach
@ Moderstely Conservat (| Worst Credible
‘Woiks
@ Temporary Permanent

Click on the Resistance Factors tab to change page. Confirm that the
factors applied to drained parameters are 1.2 for @ < 20°, 1.5 for @ >
30°, and 2.0 for undrained parameters (as per CIRIA 104).

pre— P,

L

Review other settings by clicking

CIRLA 104 (Gross Pressure Method) @
. 1 T | [ ok
Load | acion| LEES |||
(" en pemenred |+ [ 2 o ]
. Pstial Factors on Earh Pressures 3% Coxel I
Dirsmed 12 forphicm 207
= o Delmis I
15 for phe e 30°
G - ? Hep |
Pastial Facton duppbed Tor
Giross passr
Miriwam Active Presouae 5| kN/m* -

on the various tabs in turn. When you

have finished, click OK to close the property box.
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A copy of this step can be found at [Projects]\Tutorial 2\Step 6.rwd.

Step 7 - calculate the required embedment

In Step 7, you will determine the required embedment for this design situation,
according to CIRIA 104’s Gross Pressure Method.

1.

If it is not already selected, click on the Workbook to make it active. (The
commands on the Calculate menu are only enabled when a Workbook
is selected.)

Open the Calculate menu [ Werkbosic Example C2 - Reaured Embedment

At Minkmum Safe Embedment

and choose the Required
Embedment command.
(ReWaRD automatically
switches the Workbook to its
Summary View.)

Expand the Partial Factors
node to display more of the
tree-structure, by clicking on
the + button next to its
caption. Then expand the
Factors on resistance and Factors on structural forces nodes to display
the partial factors that have been applied in this calculation.

The required embedment of the wall is displayed under the At Minimum
Safe Embedment, next to the Depth of toe node. CIRIA 104 reports the
depth of embedment as 7.5 m, which - when added to the retained
height of 8 m - gives a toe depth of 15.5 m.

A copy of this step can be found at [Projects]\Tutorial 2\Step 7.rwd.

Step 8 - calculate structural forces

In Step 8, you will determine the resulting structural forces in the wall according to
CIRIA 104.

1.

If it is not already selected, click on the Workbook to make it active. (The
commands on the Calculate menu are only enabled when a Workbook
is selected.)
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Open the Calculate menu
and choose the Structural
Forces command. (ReWaRD
automatically switches the
Workbook to its Picture
View.)

ReWaRD then calculates the
resultant structural forces in
the wall and displays the
results pictorially, as shown on
the right. The largest factored |«

| [ ———rm “hm

- WU, B |

| W

bending moment and shear

force in the wall are also given. CIRIA 104 (on page 137) reports the
maximum unfactored bending moment as 627 kNm/m (corresponding to
a factored bending moment of 627 x 1.5 = 940.7 kNm/m); and the
maximum unfactored shear forces as 232 kN/m (corresponding to a
factored shear force of 232 x 1.5 = 324 kN/m).

A copy of this step can be found at [Projects]\Tutorial 2\Step 8.rwd.

Step 9 - print the results

In Step 9, you will obtain a hard copy of your results.

1.

Click on ReWaRD’s File menu and
choose Print > Page Setup... to display
the program’s Print Page Setup box.

On Stockyard page, tick those objects
about which you want information to
be printed.

Click on the Workbooks tab to
change page and again tick those

[T T—r—

objects about which you want information to be printed. Note that this
page automatically selects construction stages for which calculations

have already been performed.

Click on the Pictures tab to change
page and tick those components of
the results that you want to be
printed.

Finally, click on the Results tab to
change page and tick those results
you want to be printed.

Click OK to confirm your selections

T i
|

<=

X Concel

——

7 Catait

7 He
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7.

10.

and proceed.

Next, click on ReWaRD’s File menu and choose Print > Print Preview to
display a screen preview of the printed output.

ik I”'i]t.":

Use the controls on the toolbar at the top of the preview window to
control the appearance of the print preview. Click the X button to close

the preview window.

Finally, click on ReWaRD'’s File menu
and choose Print > Print.... The
program’s Print Page Setup box will
be displayed once again (in case you
wish to change any of your
selections). Click OK to confirm and -
this time - the program’s Print box
will appear, giving you a choice of
printers attached to your system to
choose from.

Select your printer and click Print to
produce the hard copy.

A copy of this step can be found at [Projects]\Tutorial 2\Step 9.rwd.

Step 10 - close the project

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

*You cannot save the project in the Trial Edition of ReWaRD




34 Geocentrix ReWaRD 2.7 Quick-Start Guide

1. Open the program’s File menu and click Exit.

2. If you have made changes to the project since it was last saved, ReWaRD
will ask you if you want to save it before proceeding. Answer Yes or No
by clicking the appropriate button.

3. If you have not already named this file, ReWaRD will display its Save As
box. Enter the name you want in the File name box and click the Save
button. ReWaRD will then save and close the project.

A copy of this project can be found at [Projects]\Tutorial 2\Tutorial
2.rwd.

What next?

Tutorial 3 takes you through the design of a more complicated structure - a multi-
propped cofferdam in mixed soils - using the techniques introduced in Tutorials 1
and 2.
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TUTORIAL 3
COFFERDAM IN MIXED SOILS

Tutorial 3 helps you to get to grips with ReWaRD’s more advanced features, by
building a multi-propped cofferdam in a mixed soil profile. The tutorial shows you
how to change engineering objects generated by ReWaRD’s Construction Wizard;
add new engineering objects as needed; choose between the available design
standards; check the results of your calculations; and customize the printed output.

The worked example is taken from CIRIA’s Special Publication 95, The design and
construction of sheetpiled cofferdams, by Williams and Waite (1993). Appendix B
of that document describes the design of a sheet pile cofferdam used to support a
sub-surface tank in a mixed soil profile.

[ Ground conditions at the site comprise: 4 m of sand and gravel (Vg =18
kN/m’; Yo =203 kN/m’; ¢ = 35°); 2.5 m of firm clay (v, 21|<N/m3
= 60kPa); 3 m of silty sand (v, = 20.3kN/m3; ¢ = 30°); 2 m of soft/firm
clay (v, = 20kN/m3; ¢, = 40kPa); and medium coarse sand (y.
20.3kN/m?; ¢ = 35°).

sat

®  The cofferdam will be open for less than 3 months and open to full
excavation depth for no more than two weeks (hence a total stress
analysis is appropriate).

(] Ground water level is 2.5 m below ground surface. Water pressures in
the medium coarse sand are sub-artesian, with a pressure head of 80 kPa
at the surface of the sand. A pumping system will be installed to lower
the water pressures in the medium coarse sand by 80 kPa throughout the
depth of interest.

(] The permanent works are to be constructed on top of a base slab at a
depth of 8 m. A 0.5 m thick drainage layer is to be placed beneath the
base slab, so that the final formation is at a depth of 8.5 m. The sheet
piles will have an upstand of 1 m.

®  The first frame will be installed at 0.5 m above ground level and the
excavation taken down to 5 m before installing the second frame. The
second frame will be installed at a depth of 4 m and the excavation taken
down to 7.5 m before installing the third frame. The third frame will be
installed at a depth of 6.5 m.

(] The plan dimensions of the cofferdam are 17 m by 12 m.

Overview
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(] In Step 1, you will use the Construction Wizard to create a sequence of
construction stages.

(] In Step 2, you will change the depths of the excavations generated by the
Construction Wizard to match the project’s specification.

° In Step 3, you will add soils that are missing from the project.

(] In Step 4, you will add layers that are missing from the project and

include them in the borehole.

(] In Step 5, you will add an upstand to the wall and relocate the top prop
to the head of the wall.

(] In Step 6, you will change the depth of some of the existing water tables
and add new water tables.

. In Step 7, you will add a surcharge on the retained side of the wall.

(] In Step 8, you will select the design standard to be followed by the
calculations.

(] In Step 9, you will calculate earth pressures, required embedment,
structural forces, and displacements for ‘Stage 2 (Generated)'.

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

If ReWaRD is not already running, double-click on the ReWaRD icon on Windows’
Desktop to start the program. Once the splash screen has disappeared, ReWaRD
displays its Startup Wizard. Select Run the Construction Wizard from the available
options and click Go to proceed.

If ReWaRD is already running and 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.) Then, open the Construction Wizard by selecting Tools on
ReWaRD’s main menu and then click on the Construction Wizard command.

Step 1 - create the project

In Step 1, you will use the Construction Wizard to create a sequence of
construction stages to model the multi-staged construction outlined in the project’s
specification.

1. The first page of the Wizard (‘Step 1) asks you to specify the finished
geometry of the retaining structure. Select the Multi-propped button, set
the Number of Props to 3, and set the Retained Height to 8.5 m. Click
Next to continue.
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2. Step 2 of the Wizard asks you to enter the depths of the props. You want
to place the first prop at 0.5m above ground level, but the Construction
Wizard will not allow you to enter negative depths. Therefore, leave Prop
1 at ground level temporarily (you will change its depth later). Select Prop
2, enter 4 m in the Depth box, and click the Apply button. Then select
Prop 3, enter 6.5 m in the Depth box, and click Apply. Click Next to
continue.

Construction Wizard

Step 2 Fleats arter the dapths of the peops
. | [Pron1 (Genersted| w0 m
fl _ﬁEZGmsed atdm
™ [Piop 3 [Genacated] st 6.5 m

i g

L
=
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Name  Frop 3 (Genersted)
R

3. Step 3 of the Wizard asks you to enter the properties of the predominant
soil type. (In this example, we will treat the sand and gravel as the
predominant soil type.) Select ‘Sand’ from the Soil Type box; enter a Wet
Mass Density of 2069 kg/m3 (equivalent to a weight density of 20.3
kN/m’); enter a Dry Mass Density of 1766 kg/m’ (equivalent to
18 kN/m”); and finally enter an angle of friction of 35°. Click Next to

continue.
rtonsm-m Wizard W1
Step 3 Fleats arter the propatias of the
& predarmant sl lype S .J
—
I By Sl Type % Sed | P M
o Previowr
Wl Densiy 3 W kgt -
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4. Step 4 of the Wizard asks you to choose the type of retaining wall to
create. Select ‘Sheet Pile Wall” in the Wall Type box, then ‘Corus U
Section (Larssen, LX) in the Range box, and finally “16W’ in the Section.
Click Next to continue.

Step 4. Pleaze choose the type of retaining wal
1
& Wl Typa #s Sheet Pie Wal -

:

b mw[:

I -
Fange | Con U Section [Larssen. LX) o Previour
Section (16w X Concel

v
-
&

5. Step 5 of the Wizard asks you where you want to place any water tables.
Select Both Sides and click Next to continue.

Step 5 On which sida of the wall do you want
wiales lables?
&--\
- @ Both Sides

Fletained Sida Orky
Excavated Sida Ory
Neithar Side

|

v
i

I

(il

6.  Step 6 of the Wizard asks you to generate the project. If you want to
change any settings made in the previous steps, click the Previous button
to go back. Otherwise, click Go to generate the project.

The Construction Wizard then:

° Creates Stages 1, 2, 3, and 4

. Creates Ground 1 and Excavations 1 to 4

[ Creates Soil 1, Layer 1, and Borehole 1

° Creates Water Tables 1 to 5

° Creates Wall 1 and Props 1, 2, and 3

(] Attaches Soil 1 to Layer 1 and adds Layer 1 to Borehole 1

° Adds Ground 1, Wall 1, Borehole 1 (on both sides of the wall), and
Water Table 1 to all stages

(] Adds Excavation 1 and Water Table 2 to Stage 1
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Adds Excavation 2, Water Table 3, and Prop 1 to Stage 2
Adds Excavation 3, Water Table 4, and Prop 2 to Stage 3
Adds Excavation 4, Water Table 5, and Prop 3 to Stage 4
Opens the Workbooks for Stages 1 to 4

Now is a good moment to save your work to disk, which you can do using the
Save or Save As commands on ReWaRD's File menu.

A copy of this step can be found at [Projects]\Tutorial 3\Step 1.rwd.

Step 2 - change the excavation depths

In Step 2, you will change the depths of the excavations generated by the
Construction Wizard to match the project’s specification.

1.

Open the program’s Window menu and click Tile

to change the arrangement of the open o
Workbooks. (In this arrangement, you will see the Tile

effect of each change in property as it is applied.)

Click on ‘Excavation’ | & sy s 1500 =m s

. Chwect Tupes [[Eisting Obijects

in the Stockyard'’s o A8 Objects K Ercavaton | (Gomevatod)

Types Pane (top-left) | i |Eﬁ_" PepnesctEcomen Cremed |
and then right-click 2 s Eccieaty : J
on ‘Excavation 2 . EY

(Generated)' in its
Objects Pane (top-right). Choose the command Properties of Excavation
2 (Generated)... to display that object’s properties box.

Click on the Dimensions tab to change page and enter 5 m in the
excavation’s Depth box.

Genersl |me|HmDmmn| Notes (3] o O
Degthilevel i+ Sm . | 2 Eancel
A

. ,

operties of Excavation 1 t(‘zﬂeﬂhed) &

Click on the Plan Dimensions tab to change page. Tick the Has Plan
Length box and enter 17 m in the Length box. Tick the Has Plan Breadth
box and enter 12 m in the Breadth box.
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Properties of Excavation 1 (Generated) - ===
I|d Generdl | Dimensions | Plan Dimensions|  Notes' « [ | o/ OH |
+ Has Plan Length X Concel
L 1im = par
71 Has Plan Breadth ? o |
Beeadh 12m - [

5. Click OK to confirm the values entered and to proceed.

6.  Repeat the previous four steps for Excavations 3 and 4, but enter their
depths of excavation as 7.5 m and 8.5 m respectively.

A copy of this step can be found at [Projects]\Tutorial 3\Step 2.rwd.

Step 3 - add the missing soils

In Step 3, you will add soils that are missing from the project.

1. Click on ‘Soil” in the
Stockyard’s Types
Pane and then right-
click on “Soil 1

E=REn
I_'F

Pvnpemu of Soil 1 (Genesated]... E}

Cut

(Generated)’ in its
Objects Pane.
Choose the
command Properties of Soil 1 (Generated)...
properties box.

Cepy

to display that object’s

2. On the General page, change the soil’s Name to ‘Sand and gravel'.

3. Click on the Classification tab to change page, but leave the soil’s the
Class as ‘Unclassified’” and State as 'Unspecified’.

Properties of Soil 1 (Generated) l

Gerweal | issaioation] DensiyWesht | Ebectve. + | +|| 0K ||
X Cancel | |

4. Click on the Density/Weight tab to change page. If not already selected,
select the Weight density button. Enter the soil’s Saturated weight
density as 20.3 kN/m’ and its Unsaturated weight density as 18 kN/m’. If
you get a warning message when you proceed on the next step, click Yes
to confirm the values entered.
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Propertes of Soi 1 (Generated) l

% Gormal | Classication] Devaiy o Efectivel « 1 +||  OF |

MaziDenst @ Weight Densly
Sahsated 5 203 N/

Uinestirsted 5 18 KN/

5. Click on the Effective Stress tab to change page. If not already selected,
select the Peak button. Enter the soil’s Angle of Friction as 35° and its

Effective Cohesion as 0 kPa.

Properties of Soil 1 (Generated) l

6.  Click on the OK button to confirm the values entered and to proceed.

7. Now right-click on ‘Soil’ in the
Stockyard’s Types Pane and choose the
command New > Clay to create a new
clay and display that object’s
properties box.

8.  Repeat the steps above to set the
properties of this new soil, as follows:
Name = ‘Firm clay’; State = ‘Firm’;
Saturated and Unsaturated weight
densities both = 21 kN/m’; Angle of
Friction and Effective Cohesion both

[ Stockyard: Step 2ZRWD
Chiect Tyoes
o AR Objects
¢! Conatruction Stage
I Ground Piofile
ll Excavation

- Loyer

[ | [

F Wales Tables
1 Suichages
+ Imposed Load
2 Retaining Wall
- Piop

» Anchos
L .
e

I‘_

|Existing CRuects
%

Object... E

Gravel

Sand [
Granwlar Silt

Cohetrve Silt

Clay

Organic

&

take default values. If you get warning messages when you enter any

values, click Yes to confirm them.

9.  Then click on the Total Stress tab to change page. Enter the soil’s

Undrained Strength as 60 kPa.

Dmp_molﬁmdﬂ l

;x?__v‘;‘,zt rtyMeight| Swess|TomiShess|  Nol 4 o]
% Unckained Shength =

60| kPa -

| Increases vath Depth

[« ur.[fi|
xcul:e!:

, Derm:
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10.
11.

13.

14.

Click on the OK button to confirm the values entered and to proceed.

Repeat the steps above to create a new sand with the following
properties: Name = ‘Silty sand’; Class = ‘Silty’; Saturated and
Unsaturated weight densities both = 20.3 kN/m’; Angle of Friction =
30° and Effective Cohesion = 0 kPa. If you get warning messages when
you enter any values, click Yes to confirm them.

Repeat the steps above to create a new clay with the following
properties: Name = ‘Soft/firm clay’; State = ‘Soft’; Saturated and
Unsaturated weight densities both = 20 kN/m’; Angle of Friction = 30°
and Effective Cohesion = 0 kPa; Undrained Strength = 40 kPa. If you get
warning messages when you enter any values, click Yes to confirm them.

Finally, right-click on ‘Sand and gravel’ : = |
in the Stockyard’s Existing Objects S S

Pane and choose the command
Duplicate to create a carbon copy of
that soil, called ‘Soil 1.

=
% Femol Preperties of Sand and gravel..
3 Sod 1 o Werkbook

Then edit ‘Soil 1’ in order to change its !
name to ‘Medium coarse sand’. 3

You will find a copy of the project in its current
state at [Projects]\Tutorial 3\Step
3.rwd.

Step 4 - add missing layers

In Step 4, you will you will add layers that are missing from the project and include

them in the borehole.

1. Click on ‘Layer’ in the |Esmesiims T —— T
Stockyard’s Types Bl e erwteret LT et B
Pane and then right- i 2
click on “Layer 1 85w s
(Generated)” in its 0 bar
Objects Pane. i
Choose the

command Properties of Layer 1 (Generated)... to display that object’s

properties box.

2. On the General page, change the layer’s Name to ‘Layer 1’.

3. Click on the Properties tab to change page, change the Soil to ‘Sand and

gravel’ and enter the Thickness as 4 m.
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Properties of Layer 1 (Generated) I é
Gerweal | Propesies | Temsion Crack| Costicient o] | &/ OH
Scl Sarel nd gravel =) | X conca |
Thickness 3 dm = e D,,,_:]

4. Click on the OK button to confirm the values entered and to proceed.
The boreholes displayed on the Drawing Board of each stage will update
to reflect this layer’s new thickness.

5. Now right-click on ‘Layer’ in the [ Sckymc St 300D
Stockyard’s Types Pane and choose the ':';T.T.?:;..
command New > Undrained Layer to | # eruetion Steue
R B Giround Profila
create a new undrained layer and ks Excavtion
. ., . §sed
display that object’s properties box. l:W’“‘"
6.  Repeat the steps above to set the F Water Tables Drsined Layer
properties of this new layer, as follows: e

Name = ‘Layer 2’; Soil = ‘Firm clay’;
Thickness = 2.5 m.

7. Repeat the steps above to create a Drained Layer with the properties:
Name = ‘Layer 3’; Soil = ‘Silty sand’; Thickness = 3 m.

8.  Repeat the steps above to create another Undrained Layer with the
properties: Name = ‘Layer 4’; Soil = ‘Soft/firm clay’; Thickness = 2 m.

9.  Repeat the steps above to create another Drained Layer with the
properties: Name = ‘Layer 5’; Soil = ‘Medium coarse sand’; Thickness = 5
m.

10. Add Layers 2 to 5 to ‘Borehole 1’ by dragging-and-dropping each layer in
turn onto one of the Drawing Boards that are displayed in ReWaRD’s
main window.

A copy of this step can be found at [Projects]\Tutorial 3\Step 4.rwd.

Step 5 - extend the wall and move the top prop

In Step 5, you will add an upstand to the wall and relocate the top prop to the
head of the wall.

1. Select the retaining wall by clicking on its image on the Drawing Board
for ‘Stage 1 (Generated)'. A selection box will appear around the image
and the wall will be highlighted in the Stockyard.
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Right-click on the selected wall and
choose Properties of Wall 1
(Generated) from the popup menu
that appears on screen. The wall’s
properties box will appear. Click on
the Dimensions tab to change page.

Change the wall’s Upstand to 0.5 m.
The Total Length box will update to
show 13.25 m. Click OK to confirm the new values. The Drawing Boards
will automatically refresh to show the new upstand.

Propertie: of Wall 1 (Generated) l [
> : Geowal | [Divenions]| Secton | Mateia || [ +][ 7 0% ]

Toe DeplhLevel - 1278 m - | X Concel | |

Uspatand ¥ 05 m - - Detauts
Total Length 1325 m - 7 Hew

- ol e .

Next, select the top prop by clicking on its image on the Drawing Board
for ‘Stage 2 (Generated)'. A selection box will appear around the image
and the prop will be highlighted in the Stockyard.

Right-click on the selected prop and
choose Properties of Prop 1
(Generated) from the popup menu
that appears. The prop’s properties
box will appear. Click on the
Dimensions tab to change page.

Click on the downward pointing arrow to the right of the Depth/Level
caption. The arrow will now point upwards, indicating that the value in
the box alongside is now the level above datum, instead of depth below
datum. Change the Level to 0.5 m and click OK to confirm. The Drawing
Boards will automatically refresh to show the new prop level.

Properties of Prop 1 (Generated) l —
Genwrsl | Dimersons | Motz | Detsute | [v h?;l:”

HE
Degthilevel 4] = 08 m - X Concel ||
Spacing : Tm - - Detots I
Bio g Sl a—

ReWaRD’s main screen should now look something like this:
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A copy of this step can be found at [Projects]\Tutorial 3\Step 5.rwd.

Step 6 — move existing water tables and create new ones

In Step 6, you will change the depth of some of the existing water tables and add
new water tables.

1.

Select ‘Water Table 1’ - the water table on the retained side of the wall -
by clicking on its image on the Drawing Board for ‘Stage 2 (Generated)'.

A selection box will appear around the image and the water table will be
highlighted in the Stockyard.

Right-click on the selected water table
and choose Properties of Water Table
1 (Generated) from the popup menu

B R

Funpeties of Welss Table | (Gamemteti_ 1.

that appears. The water table’s o el
properties box will appear. Click on ‘
the Properties tab to change page.

Change the Depth to 11.5 m and click OK to confirm the new value. The
Drawing Boards will automatically refresh to show the new water table
depth.

Properties of Water Table 1 (Generated) -l

%4 Genetal | Properte: |Conmscray|  Notes || s \/:D".:E
‘.J Depivlevel 25 m - X Concel |

Gradent SR0EES kN/m* - 7 Delaudiz

ey it &
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Repeat the previous steps for ‘Water Table 3’, changing its depth to
5.0 m. This will bring this water table back into line with the formation
level for ‘Stage 2 (Generated)'.

Now right-click on ‘Water Table’ in the BScns o s —
Stockyard’s Types Pane and choose 4. Dbjects ] Wates e 1 [Genes
the command New > Hydrostatic M i prenticnmen
Water Table to create a new P v Vet
hydrostatic water table and display & Lores
that object’s properties box. Y

Wi Smchy __ Nem = b
On the General page, change the ;j,"::";:;""‘_ ' o Mo Ty
water table’s Name to ‘Sub-artesian - Prop ﬁ:..a::.\-'w.u. f

water table’.

Click on the Properties tab to change page and change the Depth to
11.5m.

Click on the Connectivity tab to change page. Untick the Connected to
Overlying Water Tables box and then enter 80 kPa in the Ambient
Pressure box. Click OK to confirm the values entered and proceed.

Properties of Water Table 1 _l o
E 3 _— = ——
;‘j Geneeal | Piopestes | Connectity|  Notes || [ »] | B
Cannected To Ovedying Wates Tables X Corcel
Ambuent Prassse - 80 kFa - 7 Delads
DD e, o,

Add ‘Sub-artesian water table’ to ‘Stage 2 (Generated)’ by dragging-and-
dropping the water table from the Stockyard onto the Drawing Board for
that stage. The water table will appear on whichever side of the retaining
wall you release the mouse. Repeat this drag-and-drop operation,
releasing the water table on the other side of the wall on the second
occasion. Stage 2 should now look something like this (you may need to
enlarge the Workbook’s window to see the complete picture):

T e
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10.

11.

12.

13.

14.

Finally, right-click on ‘Sub- ] Soctyict Stap 60 S
. . Crwect Tyoms. | Emmna Dovects
artesian water table’ in the 4 Al Dtects ] Wi Table | [Gemmtated)
. 1 Conal o 1 W, Tablo 2 [Gerar:
Stockyard’s Objects Pane and || & aomime F tmenba:
choose the command e s h
Duplicate to create a carbon ey o
copy of that water table with |
Suchagns

the name ‘Water Table 1. % Koot o

2 Retaming Wall
Double-click on ‘Water Table | =%
1’ to open its properties box. | wome obieas
On the General page, change st

the water table’s Name to
‘Pumped water table’.

Click on the Connectivity tab to change page. Enter 0 kPa in the
Ambient Pressure box and click OK to confirm the values entered.

Add ‘Pumped water table’ to ‘Stage 3 (Generated)’ and ‘Stage 4
(Generated)’ by dragging-and-dropping the water table from the
Stockyard onto the Drawing Boards for those stages. Do this twice,
releasing the water table on both sides of the wall.

Finally, you need to change the depth of Water Table 4:

1.

Right-click on the Workbook - Stage 3 (Generated) Drawing Board
command on ReWaRD’s Window menu, to bring the Workbook for
Stage 3 to the front of your screen.

Right-click on ‘Water Table 4’ - the water table that is floating above the
excavation at present - and choose Properties of Water Table 4
(Generated)... from the popup menu that appears. The water table’s
properties box will appear. Click on the Properties tab to change page.

Change the Depth to 7.5 m and click OK to confirm the new value. The
water will now align with the excavation.

A copy of this step can be found at [Projects]\Tutorial 3\Step 6.rwd.

Step 7 - add a surcharge

In Step 7, you will add a surcharge on the

retained side of the wall. Ty e
] Canvtnuction Stage
T rvemand Bacide
1. Rightclick on ‘Surcharge’ in the -
Stockyard’s Types Pane and choose the | 7\
command New > Uniform Surcharge | ¥ iae |
) | EF
to create a new surcharge and display | #meettoss e+ G
. ’ . £ Miotairarg ol U Surchange:
that object’s properties box. - s g Schorge

(Bl Snchyant Shp TRAD
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Click on the Loading tab to change page and (if necessary) change the
Type to ‘HA Loading’ (which results in the Magnitude being set to 10
kPa. Click on the OK button to confirm the values entered and to
proceed.

Properties of Surcharge 1 ! oo |
ﬂ g Gererdl || Loadng || Dusten | Moms || s [ o
' Magiude 10 kPa - X Concel |
Deptiee om B et | |
Type | HA Loading . - 7 Hep
o B
— ~a—d” c ~dl

Add ‘Surcharge 1’ to all the construction stages by dragging-and-dropping
the surcharge from the Stockyard onto the Drawing Boards for those
stages. Be careful to drop the surcharge to the left of the retaining wall,
to make sure it appears on the retained side only.

A copy of this step can be found at [Projects]\Tutorial 3\Step 7.rwd.

Step 8 - select the design standard

In Step 8, you will select the design standard to be followed by the calculations.

If it is not already ticked, select
CIRIA 104 > Gross Pressure
Method from ReWaRD’s Design
menu.

[Design | Colculate Tock Win
1 cP2

Piling Handbook '
v CRA 14 v || v Gross Pressure Method

Geoguide 1 Revised Method
BS a2 v Steength Factor Method

Eurocede?

Next, edit the settings for CIRIA
104 Gross Pressure Method by
selecting Design Standard... from
the Properties menu.

On the General page, set the Design Approach to ‘Moderately
Conservative’ and the Works to ‘Temporary’.
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CIRIA 104 (Gross Pressure Method) o]

i

( ey General | Load Factors| Material Factors| Fasistan| « [ #| | " OK |
j Lsntrsy Esuth Prazaue Cosllicmnts o Concel 1

HM‘DM of Tenson Crack /- Delaits
. ? Heb

Tertaon crach utad 19 the rel sred beght
Cantlever Toedn 20 %

Dieagn Appeoach

© Modorstely Conaervat ( Worsl Crodible

‘Works
@ Temporay Permanent

4. Review the other settings by clicking on the various tabs in turn. When
you have finished, click OK to close the property box.

A copy of this step can be found at [Projects]\Tutorial 3\Step 8.rwd.
Step 9 - calculate earth pressures, structural forces, etc.

In Step 9, you will calculate earth pressures, required embedment, structural forces,
and displacements for ‘Stage 2 (Generated)'.

1.  Open the Window menu and choose the Close All > Workbooks
command to tidy up ReWaRD’s desktop.

2. Click on ‘Construction Stage’
in the Stockyard’s Types Pane
and then right-click on ‘Stage
2 (Generated)’ in its Objects
Pane. Select Open Workbook
from the popup menu that appears to display that stage’s Workbook. The
Drawmg Board for ’Stage 2 (Generated) should look somethlng like this:

)
Ensng (ascty
! Stage 1 {lmnensted]
s ey
e Prpwts of Simged fommeted). !

o St d flig P Werkbmek

3. Ifitis not already selected, click on the Workbook to make it active. (The
commands on the Calculate menu are only enabled when a Workbook
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is selected.)

Open the Calculate menu and choose the ulate

Calculate All command. Validate Data i
An error message will appear as follows: ‘1 Farth Do '
error/warning message(s) generated during the

calculations: please inspect the Messages View Ussplacements

for more information’. Click OK to confirm you Dy

have read this message. ReWaRD will Caleulate Al B

automatically display its Messages View, which Clear Results
will look something like this:

[ Wosbteooi Stacge 7 (Gorsaiatcd] - Mensagen

This error message occurs because the ground profile at this site
comprise interbedded sands and clays and ReWaRD cannot decide
whether to treat this profile as predominantly sand or clay.

Open the Properties menu and choose the Design Options... command.
A dialog box will appear. Click on the Displacements tab to change page
and untick the Auto-Select box. If necessary, select Sand to tell the
program to treat this profile as sand (despite the presence of clay in it).
Click OK to confirm these changes.

H

Design Options

5

Prop Loads |Diwlmma€
% Dalashaze

AutoSelect

»
]

Open the Calculate menu and choose Clear Messages to remove the
old messages from this view. The re-open the Calculate menu and
choose Calculate All again. This time, no error message appears and the
Message View looks something like this:
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T Workbesk: Stage 2 (Genessted] - Marsages

i ) [ p——
2 C bui (for the specd tength facton)
c n safe salety factom)
Caleulating earth presvures ot fadhure (with 1afety facton set te 1]
Caleulating stroctural forces
Caleudating base wabiley

shevdating dplacoments
+p spacing calculatedt using Fermie & Sucking's (1996] simpiified equation for singée propped walls
siculstong dursbiity

p ot At

9.  Now use the Workbook’s toolbar to display the main results of the

calculations one at a time on your screen.

R 1 ] ], D s ¥

10. Click on the View earth pressures as built button - second button

circled above - to display earth pressures as built. You will also need to
click on the View Picture button - first button circled above - to switch

to picture view.

e e e

11. Click on the View structural forces button - third button circled above -

to display structural forces.

Largrst nctered by s - 1111 Wb
arges terd sht e W

—

12.  Finally, click on the View displacements button - fourth button circled

above - to display displacements.
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A copy of this step can be found at [Projects]\Tutorial 3\Step 9.rwd.

Step 10 - close the project

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

1. Open the program'’s File menu and click Exit.

2. If you have made changes to the project since it was last saved, ReWaRD
will ask you if you want to save it before proceeding. Answer Yes or No
by clicking the appropriate button.

3. If you have not already named this file, ReWaRD will display its Save As
box. Enter the name you want in the File name box and click the Save
button. ReWaRD will then save and close the project.

A copy of this project can be found at [Projects]\Tutorial 3\Tutorial
3.rwd.

What next?

Further information about the program’s capabilities can be found in the ReWaRD
2.7 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 ReWaRD 2.7 Reference
Manual.

Further resources are available from the Geocentrix website:

www.geocentrix.co.uk

and by telephone (for customers with Software Re-Assurance).

*You cannot save the project in the Trial Edition of ReWaRD



