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1 Preface

GGU-RETAIN allows the analysis of sheet pile walls, soldier pile walls and in-situ concrete walls
(bored pile walls, diaphragm walls and bored soldier pile walls) as well as FMI (cut, mix, inject)
walls and combined sheet pile walls.

The application is essentially based on the Recommendations of the Working Group for Excava-
tions (German: EAB) and the Recommendations of the Committee for Waterfront Structures (EAU
2012). Virtually all the cases considered by the Working Groups are included as examples. A spe-
cial feature of the application is automatically finding the earth-pressure redistribution values sug-
gested by the EAB. For analysis and design both the global safety factor concept to DIN 1054
(old) and the partial safety factor concept to EC 7 may be taken into consideration. Details of spe-
cial features can be found in Section 2 of this manual.

The application is designed to allow simple data input or modification. The input is immediately
shown on the screen, giving you optimum control over what you are doing. Reading of the manual
can mostly be dispensed with, because

"?" buttons _?I

dealing with almost all geotechnical and program-specific problems are available in the dialog
boxes. You are presented with the necessary information by clicking the "?" button (see also
Section 6.1).

Graphics output supports the true-type fonts supplied with WINDOWS, so that excellent layout is
guaranteed. Colour output and graphics (e.g. files in formats BMP, JPG, PSP, TIF, etc.) are sup-
ported. PDF and DXF files can also be imported by means of the integrated Mini-CAD module
(see the "Mini-CAD" manual).

The application has been tested on numerous literature examples and in practice. It is now used by
many civil engineering companies, construction companies and university institutes, and has suc-
cessfully completed well over 1000 static tests. Nevertheless, liability for completeness and cor-
rectness of the program and the manual, and for any damage resulting from incompleteness or in-
correctness, cannot be accepted.

2 Capabilities

GGU-RETAIN has the following characteristics and maximum capabilities

e Up to 50 soil layers

e Up to 40 berms on the active earth pressure side

e Up to 40 berms on the passive earth pressure side

¢ Analysis with active and increased active earth pressure and with at-rest earth pressure
o Coefficients of active earth pressure pursuant to DIN 4085

e Coefficients of passive earth pressure pursuant to DIN 4085, Streck, Caquot/Kerisel

e Additional calculation of active and passive earth pressure after Culmann possible.
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e Classical water pressure approach for impermeable retaining walls and, alternatively, by
means of flow conduits parallel to the wall in accordance with potential theory (analysed
using finite-element methods). Inconsistencies in subsurface hydraulics apparent when us-
ing the classical approach are avoided when using flow conduits, and varying permeabili-
ties are correctly considered as far as the approach allows. User-defined potentials can be
applied at any point along the flow conduit. This allows correct, problem-free consideration
of systems with several groundwater storeys and/or aquifuges, or with artesian conditions.

e Optional consideration of hydraulic gradients on the active and passive earth pressure sides
e Verification of safety against deep-seated failure with optimisation of anchor lengths

e Analysis of hydraulic heave ‘classical’ or after Aulbach/Ziegler

e Verification of buoyancy safety

o Verification of base heave safety

o Verification of pull-out resistance of driven steel tubular piles and injection piles

e Verification of sum H

¢ Analysis of mobilised passive earth pressure

e Analysis of vertical capacity

e Convenient interface to the stability analysis application, GGU-STABILITY, for quick de-
termination of safety factor against general failure

e Up to 50 additional earth pressure distributions
e Up to 20 area loads at any depth

o Structural analysis of the retaining wall by means of a two-dimensional rod construction
module based on finite-element methods. In contrast to many other retaining wall analysis
applications, the influence of inclined anchors or struts and their interactions are thus di-
rectly considered in the analysis approach. Analysis can even be performed using 2" order
theory, making the generally onerous buckling length investigation of struts and retaining
wall unnecessary. In addition, it is possible to consider loads on the struts (e.g. for auxiliary
bridges additionally acting as struts) during analysis.

e Buckling analysis to DIN EN 1993-1-1 using 2" order theory

o Elastic subgrade reaction at the wall toe with user-defined values. Option for automatic se-
lection of an elastic modulus of subgrade reaction profile consistent with the specified pas-
sive earth pressure distribution

e Specification of up to 5 displacement boundary conditions (rotation, displacement in x or y
directions) at any location

e Specification of up to 5 action boundary conditions (moment, shear force and normal force)
at any location

e 20 anchor and strut sets; in defining the anchors and struts, axial stiffness and bending stiff-
ness can be specified, so that, for example, passive anchors can be incorporated.

e Consideration of prestressing of anchors and struts possible

o Definition of up to 20 additional potentials by the calculation of flow conduits to the left
and right of the wall for complex groundwater conditions

e Expandable database of default sections for soldier piles, sheet piles, combined sheet piles
and tubular sections with which automatic design, including automatic searches for the op-
timum section, can be carried out.

¢ Reinforced concrete design to EC 2 for circular and rectangular cross-sections

e Modelling corrosion for all sections

GGU-RETAIN User Manual Page 9 of 165 February 2024



e Design of horizontal lagging for soldier pile walls
e Automatic computation of section weights for analysis of sum V
e Variable bending resistance of the retaining wall

e Automatic computations of earth pressure redistributions according to the EAB Recom-
mendations

o Other earth pressure distribution options:
- no redistribution
- rectangle
- 2 rectangles
- triangle (maximum can be optionally placed at top, middle or bottom)
- trapezoidal
- quadrilateral with maximum at anchor locations or any other location
- user-defined polygon
- EAU 2012

o Soil pressure can be redistributed either to the wall toe or to the transition point.
e Passive earth pressure can be superimposed or located in front of the wall.
e Calculation of the transition point with or without porewater pressure

e Structural analysis can be performed in 4 different ways:
- section length determined automatically after entering degree of fixation for the wall toe
- determination of degree of fixation for fixed section length
- section length automatically determined with elastic bedding of wall toe
- bedding of wall toe with fixed section length

¢ Following computation of the system, earth pressure, porewater pressure, moment, shear,
normal force and bending line are displayed on the screen. The visualisation can be varied
within wide limits. For example, the distribution of the modulus of subgrade reaction as
well as the distributions of the potential and the gradient, etc. can also be displayed.

e For soldier pile walls it is necessary to demonstrate the equilibrium of horizontal forces be-
low the excavation level. This is carried out by the application. If necessary, the section
length is automatically increased.

e At anchor points, existing predeformations can be defined as boundary conditions.

o Previously calculated datasets can be combined to investigate the additive deformation of
individual advancing and retreating states. A Mohr's envelope showing the distribution of
moments, shear and normal forces can also be depicted. Visualisation of the reinforcement
envelope is also possible for diaphragm walls, bored pile walls and bored soldier pile walls.

e Legends can be displayed on screen showing soil properties and general computation data.
Thus, virtually all the raw data necessary for the computation and the results are shown on
screen.

e GGU-RETAIN's user interface is based on WYSIWYG (What You See Is What You Get),
which means that what you see on the screen is virtually identical with what is printed. It
also means that you can print out what you see on the screen at any point during the
analysis.

e The use of true-type fonts guarantees excellent layout.

e Colour presentation of virtually all system geometries. Colours can be freely determined by
the user. Soil strata can also be coloured according to the German DIN 4022 conventions.

e Zoom function

e Mini-CAD system (additional text, lines, rectangles, circles, graphics, etc).
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e GGU-RETAIN includes virtually all the examples contained in the Krupp Hoesch Stahl
"Piling Handbook" ("Spundwand-Handbuch™) and in WeilRenbach's "Excavations" 111
("Baugruben 111", 1977) as datasets.

e By clicking the "Copy/print area" icon on the toolbar you can copy any part of the
graphics to the clipboard, save it as an EMF file (Enhanced Metafile Format) or print it di-
rectly on your printer. Using the "Mini-CAD toolbar" or "Header toolbar" modules, you
can insert EMF files into your graphics. Thus, the results of a slope stability analysis or of a
grading analysis, for example, can easily be imported into the current graphics.

3 Licence protection

To protect the GGU software from unauthorised access, each GGU program is equipped with the
CodeMeter software protection system from WIBU-Systems. Each GGU program is bound to a
so-called CmContainer via a licence with the corresponding product code.

To be able to use the GGU licences in a CmContainer, a runtime environment, the CodeMeter
Runtime Kit, must be installed on your computer via driver software. To be simplified, we will
refer to your computer with installed CodeMeter Runtime Kit and CmContainer as the CodeMeter
licence server.

We provide 3 alternative CmContainer types, that can be used on your CodeMeter licence server:

e CmStick
The licence for your GGU program is stored in a USB dongle.

e CmActLicense (soft licence, not for virtual PC/servers)
The licence for your GGU program is stored in a licence file that is bound to the hardware
of a computer.

e CmCloudContainer
The licence is located on a CmCloud server of WIBU-Systems and is mirrored to your
CodeMeter licence server.

The GGU programs check at start-up and during runtime whether a corresponding license is avail-
able on a CmContainer.

4 Language selection

GGU-RETAIN is a bilingual program. The program always starts with the language setting appli-
cable when it was last ended.

The language preferences can be changed at any time in the "Info" menu, using the menu item
"Spracheinstellung” (for German) or "Language preferences" (for English).
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5 Starting the program

After starting the program, you will see two menus at the top of the window:

e File

e Info

By going to the "File" menu, a previously analysed system can be loaded by means of the "Load"
menu item, or a new one created using "New". After clicking the "New" menu item a dialog box
opens for specifying general preferences for your new system (see Section 9.1.1). You then see
nine menus in the menu bar:

e File

e Editor1

e Editor 2

e System

e Evaluation

e Construction phases

e Graphics preferences

e Page size + margins

e Info

After clicking one of these menus, the so-called menu items roll down, allowing you access to all
program functions.

The program works on the principle of What you see is what you get. This means that the screen
presentation represents, overall, what you will see on your printer. In the last consequence, this
would mean that the screen presentation would have to be refreshed after every alteration you
make. For reasons of efficiency and as this can take several seconds for complex screen contents,
the GGU-RETAIN screen is not refreshed after every alteration.

If you would like to refresh the screen contents, press either [F2] or [Esc]. The [Esc] key additio-
nally sets the screen presentation back to your current zoom, which has the default value 1.0, cor-
responding to an A3 format sheet.
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6 Tips and tricks

6.1 "?" buttons

Reading of the manual can mostly be dispensed with, because

"?" buttons _?I

dealing with almost all geotechnical and program-specific problems are available in the dialog
boxes. You are presented with the necessary information by clicking the "?" button.

For example, the following check box can be found in the "Editor 1/Analysis options" dialog
box:

| Buckling analysis limit criterion: NEdMNer <= 0.1 ?

If you click on the question mark, you will see the following message box:

Informationen

The criterion to EM 1993-1-1, Para. 6.3.1.2 (4) where N Ed/Mcr <= 0.04

o is, according to experts, a nonsensically strict criterion and in future
will be erased from standards. In future, the tried and tested rule in Para. 5.2.1, Eg. (3.1)
M,Ed / Mer <= 0,1, This can already be set.

6.2 Function keys

Some of the function keys are assigned program functions. The allocations are noted after the cor-
responding menu items. The individual function key allocations are:

e [Esc] refreshes the screen contents and sets the screen back to the given format. This is use-
ful if, for example, you have used the zoom function to display parts of the screen and
would like to quickly return to a complete overview.

e [F1] opens the manual file.

o [F2] refreshes the screen without altering the current magnification.
e [F5] opens the menu item "System/Analyse".

e [F6] opens the menu item "Evaluation/Main output summary".

o [F9] opens the menu item "Page size + margins/Auto-resize".

e [F11] activates the menu item "Graphics preferences/Move objects".
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6.3 Keyboard and mouse

If you click the right mouse button anywhere on the screen a context menu containing the principal
menu items opens.

Excavation

Soils

Berms (active side)
Area loads
Anchors

Struts
Sections

Analyse
Print cutput table

Verifications/Partial factors

Analysis options
Graphics output preferences

Labelling preferences

Common systems

You can quickly design various new systems using the "Common systems" menu. Without having
to work through the various menu items one after the other, you can enter the essential elements
such as excavation geometry, groundwater, anchors, soil properties, etc. in just one dialog box (see
Section 9.2.18).

By double-clicking the left mouse button on legends or Mini-CAD objects, the editor for the se-
lected element immediately opens, allowing it to be edited.

If you double-click in the system graphics with the left mouse button you will see a message box
with the results at the selected depth. This gives you a quick overview of the results for any desired
depth.

In most dialog boxes, the buttons for leaving the box or buttons for decisive functions are marked
thickly and can be reached by clicking the [Enter]/[Return] key.

In dialog boxes in which you have to make entries, e.g. change soil properties, the quickest way to
jump to the next input box is to use the [Tab] key. The previous value is marked and can be over-
written directly with the new entry. You do not have to move to the box with the mouse and delete
the old entry in advance.

In input boxes with numerical values, you can use the calculation operations listed in Section 6.4
to change them.

GGU-RETAIN User Manual Page 14 of 165 February 2024



You can scroll the screen with the keyboard using the cursor keys and the [Page up] and [Page
down] keys. After activating the zoom functions, click on an area of the screen to enlarge or re-
duce the display by a factor of 2. Alternatively, by clicking and dragging the mouse while holding
down the [Ctrl] key, you define a window section which is then displayed in full screen. By click-
ing and dragging the mouse while holding down the [Shift] and [Ctrl] keys, you zoom into your
system graphic, i.e. you change the scale of your system representation.

You can also use the mouse wheel to zoom in or out or to move the screen display. When the pro-
gram is started for the first time, the default setting for mouse wheel operation is activated accord-
ing to Windows conventions:

e Mouse wheel up = move screen image up

e Mouse wheel down = move screen image down

e [Shift] + mouse wheel up = move screen image right

e [Shift] + mouse wheel down = move screen image left

e [Ctrl] + mouse wheel up = enlarge screen image (zoom in)
e [Ctrl] + mouse wheel down = shrink screen image (zoom out)

If you want to change the system coordinates and the scale of your system using the mouse
wheel, activate the "Mouse wheel operation with global coordinates" check box in the
dialog box of the "Graphics preferences/Zoom info" menu item (see Section 9.7.2). If you
close the program with this setting, the setting is still activated the next time you start it.
You can now use the following mouse wheel functions to change the system:

e [Shift] + mouse wheel up = move system graphics up
e [Shift] + mouse wheel down = move system graphics down
e [Shift] + [Ctrl] + mouse wheel up = move system graphics right

e [Shift] + [Ctrl] + mouse wheel down = move system graphics left
e [Ctrl] + mouse wheel up = enlarge system graphics (change of scale)

e [Ctrl] + mouse wheel down = shrink system graphics (change of scale)

From a zoomed representation you return to the full screen with [Esc]. You can undo a change in
scale or system coordinates with [F9] (= menu item "Page size + margins/Auto-resize").

You can view the changed system coordinates in the menu item "Page size + margins/Manual
resize (editor)" and, if necessary, adjust them manually by entering more precise numbers (see
Section 9.8.3).
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6.4

Calculation functions in input boxes with numbers

Task Input

Add:

5+12,18 > 5+12,18
Subtract:

25,74 -12,18 > 25,74 -12,18
Multiply:

5,23 - 4,18 > 5,23*4,18

- 2,5 > P1*2,5"3

Divide:

5,23/4,18 > 5,23/4,18 or 5,23:4,18
Exponentiate:

25 > 275

Radify:

Root from 27 > w(27) or 277(1/2)
5. root from 81,5 > 81,57(1/5)

Sine, cosine, tangent, etc.

sin(32°) > sin(32)
€0s(5,23°) > cos(5,23)
tan(45°) > tan(45)
arctan(1,0) > atan(1,0) = 45°
Logarithm naturalis

In(4,53) > In(4,53) = 1,5107
Exponential function:

15107 > ep(1,5107) = 4,53
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6.5 "Copy/print area" icon

A dialog box opens when the "Copy/print area" icon in the menu toolbar is clicked, describ-
ing the options available for this function. For example, using this icon it is possible to either copy
areas of the screen graphics and paste them into the report, or send them directly to a printer.

In the dialog box, first select where the copied area should be transferred to: "Clipboard",

"File" or "Printer". The cursor is displayed as a cross after leaving the dialog box and, keeping the
left mouse button pressed, the required area may be enclosed. If the marked area does not suit your
requirements, abort the subsequent boxes and restart the function by clicking the icon again.

If "Clipboard" was selected, move to the MS Word document (for example) after marking the ar-
ea and paste the copied graphics using "Edit/Paste".

If "File™ was selected, the following dialog box opens once the area has been defined:

File:
C:5Program Files [#B6NGGU-SaftwaretGEU-RETAIN_124magel. emf
generated!

k. Rename | Delete

The default location of the file is the folder from which the program is started and, if several files
are created, the file is given the file name "Image0.emf" with sequential numbering. If the
"Rename" button in the dialog box is clicked, a file selector box opens and the copied area can be
saved under a different name in a user-defined folder. Saving can be aborted by pressing the "De-
lete” button.

If the "Printer" button was pressed in the first dialog box, a dialog box for defining the printer set-
tings opens after marking the area. Following this, a dialog box for defining the image output set-
tings opens. After confirming the settings, the defined area is output to the selected printer.
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7 First steps using worked examples

7.1

Worked example 1: Soldier pile wall

7.1.1

System description

Knowing from experience that having to work one's way through a software manual can be very
tiresome, the following sections provides a short description of GGU-RETAIN's main functions,
which will quickly enable you to carry out a retaining wall analysis. Details, when needed, will be
found in the appropriate chapter of this manual. The following example of a retaining wall is to be

analysed:

p = 10,0 KN/m?

13
Anchor (inclined 10°)

Medium dense sand
5,0

y Groundwater level

Figure 1 Illustration of worked example 1

The example is a soldier pile wall with an anchor at the top of the wall. The groundwater level co-
incides with the excavation base. On the active side there is a berm, subjected to a load of
10 kN/m2. The soldier pile centres are 2.2 m. "HEB 300" soldier piles are to be used and analysed

with a free earth support.
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7.1.2 Step 1: Select analysis options

After starting the program, the logo is displayed. Select the menu item "File/New". The following
dialog box will appear:

Mew data set

Praoject identification

|E warnple 1
Standard:

{* Partial zafety factors [EC 7) Info EC ¥

" Partial zafety factars [DIM 1054: 2005)
" Global zafety factor concept [DIN 1054 old)

eneral

I Show excavation on right

Subgrade moduluz unit kM rf -

I Usze absolute heights Desgign. |mHk

| Differentiate active + passive soll properties
[ Use anchordstut spacing

Anchar/strut zpacing [m] 2000

Wall inclination

Wall inclination [7] 0.0

Steel design:

* |zing section list

" Using several steel sections o inserted beams
[v Steel design ta EC 3

I Buckling analwsiz limit criterion: N EdMer <= 01
[ Userdefined vield stress fuk [steel pile]

Concrete design:

Iv Mormal force characteristically

Type aof wall:

| Soldier pile wall Sheet pile wall

ENE

EIEIEEE | E

|i

Bored soldier P k1P wall

I
Bored pile wall | Diaphragm wall

Comb. sheet P

Cancel |

[ Soldier pile wall with tubular sections

Select the buttons shown in the above dialog box and click "Soldier pile wall”. A new system is
displayed on the screen and the complete menu bar is activated.
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7.1.3 Step 2: Define excavation and retaining wall

From the "Editor 1" menu select "Excavation". The following dialog box will appear. Enter the

figures shown below:

Excavation

— Excavation

Excavation baze [m]
Graundwater [right] [m]
Groundwater [left] [m]

Driztributed load [kM ]
Type of distrbuted load:

IEDmpDnent abaove 10.0 kM wariable

¥ Do not redistribute live loads

=]

Em
5w
5w
om

— Soldier pile wall
Soldier pile width [m]

Soldier pile gpacing [m]

I 0.300
I 220

2]

— Pazzive zside
Driztributed load [kM ]

0.00

Cancel |
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7.14 Step 3: Define berm

Go to the "Editor 1" menu and select "Berms (active side)":

Active berms

Daone I Fane. | Back Cancel
0 bermlz] to edit |
N [t Right delta h Surcharge Live
" m [r] [m] [kN /] load

Click "0 berm(s) to edit" and enter 1 as the new number of berms. Enter the following values and

click "Done".

Active berms

m Faorw. | Back I Cancel |
1 bermlz] ta edit |
Mo, left Right delta b Surcharge Live
[m] [m] [rn] (kM ] lzad
T 1o 320 | 1300 | 1000 r

7.1.5 Step 4: Define soils

Go to the "Editor 1" menu and select "Soils".

B 5ol properties

Edit no. of sails Commaon soils GGU-CONNECT Info gs.k Info go + cuk
Designation Basze gam gam' phi o [active] | c(pazz.] | dialfphi | dipl/phi | k[mdg] k [m/z] gk qc cuk
[m] kM) | [kMdmf] | [7] [kMAme] | kMAE] | [ [ et Right [kMAmE] | MM AE] | (kM)
1 | Sand. medium-dens 12 18 11 35 oo oo 0.EEF -0.500 1.00E-4  1.00E-4 1000 1000 000
LCancel | Sort | Load Save
Enter the values shown in the above dialog box.
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7.1.6

Step 5: Define type of earth pressure

Go to the "Editor 1" menu and select "Type of earth pressure".

Type of earth pressure

— General

% |ze active earth pressure
i Use at-rest earth pressure

i Use increaszed active earth pressure
Relationghip: [1.0 - factar] - kah + factaor - k0

Factar [-] I 050

— Area loads
% lze active earth prezsure for area loads
i Use at-rest earth pressure for area loads

i Use increaszed active earth pressure for area loads

Relationzhip: [1.0 - factar] - eactive] + factor - e[at-rest]

Factor [-] I .50

Cancel |

W &dapt wall friction for at-rest pressure and increased active earth pressure

The necessary command buttons are already selected, so you need not change anything. The same
applies to the remaining menu items in "Editor 1". However, you should click on these items and

look at them, to familiarise yourself with them.
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7.1.7 Step 6: Define passive earth pressure

Go to the "Editor 1" menu and select "Passive earth pressure” and accept the default setting.

Passive earth pressure

— Paszive ep to

 DIN 4085:2017

E5| 5

&+ DIN 40852017 planar slip surfaces

" Mohr/Coulomb [root]

i Sheck " Cagquot/Kerzel

i Userdefined  [nhat recommended] _7'|
i DIM 40852017 plan, ss. ACaquot/Kernizel _7|
" Culmann _7|

— Three-dimenzional effect of pazzive ep
& wieitenbach

" DIN 40252017
 DIN 4095:2017 ger. GF

— Parhal factars
Fazsive ep partial factor 1.40

Pazzive ep partial factor [moment]: 1.40
Paszive ep adjustment factor 1.00

Fazsive ep adjustment factor [EB 102) 0.an

ik

Feduction of cohesion 1.00

Cancel |

GGU-RETAIN User Manual Page 23 of 165 February 2024



7.1.8 Step 7: Define anchors

Go to the "Editor 2" menu and select "Anchors". Now click "0 anchor(s) to edit" and set the
number to 1.

Anchor
Dane I Fan. I Back | Cancel | Load I
1 anchor(z] to edit I Sort | Save I
Mo, Depth Inzlin,  Length  EA HDM LGR ‘»-"e.rificatiu:un FL TL ]
[m] ['] [m] [kM./m] [m] [rn] with gz .k [rn] [m] [m]
1| 000 100 1000 |2100E+7 000 500 r 780  [1zs1  |oo00

Enter the values shown in the above dialog box. Click "Done" and you have completed data entry.

7.1.9 Step 8: Analyse and design the system

Go to the "System" menu and select "Analyse".

Analyse soldier pile wall

— Embedment depth via: — Tupe of redistribution
Tae iz free or fived Do nat redistribute
Deqree of fixity [-]: 0.00 " EAB 1988
[0.0: free 1.0: fiked) f« EAB 2012 /202

v ‘“Vertical support at wall toe ﬂ Rectangular

Select method | Birectangular Freferences

Triangular Preferences

— Special preferences
— Buckling analysiz DIN EM 1993-1-1
[T 2nd order theary

Pre-curvature:; I 141580 - I

EAL Preferences
[T Double value in parabolic regions

[T Pre-cureature to ground side S ection: HEE 300 |

Cancel |

Trapezoidal Preferences
[Juadrilateral Preferences

User-defined Preferences

o Ne Bie N Be Be Be

1]

L [

Select a degree of fixity of "0.0" (= free earth support). Earth pressure redistribution is in accord-
ance with the EAB 2012/2021 (activate the appropriate command button). The required section
can be selected using the marked button. For the example, select "HEB 300" from the list if it is
not already displayed.
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The analysis can then be started by pressing "OK". During analysis, you will receive information

on various settings, which you can read about in the relevant literature. When analysing a soldier

pile wall, for example, you will see a message stating that a passive earth pressure calibration fac-
tor of 0.8 should be adapted for analysis. This can be corrected by the program.

Following the analysis, you can select whether the design should be carried out now. If you con-
firm the question with "Yes" you will see the following dialog box:

Design how?

£~ Find optimum section

£+ Design with HEE 200 or chooze

Cancel |

For the example, select the "Design with HEB 300 or choose™ check box and confirm by pressing
'OK'. The dialog box with the settings for design to EC 3 then opens:

Design EC 3
—Select section
|HEB 300 |
—Select steel
|5 235 =
—Actions
Design situation Max. M,og Max. Q,aqg Max. M,ag
Moment M,Ed [kN-m]: | 194.88 | o.00 | 9389
Shear force V,Ed [kN]: | 071 | 127.59 | 8154
Normal force N.Ed [kN]: | -32.88 | 2255 | -12133
Buckling length [m]: I 5,05 I 5,95 I 5,95
—Partial factors
gam M [-]: 1.00
v Perform budking analysis
gam,M1 [-]: I 1.10
[+ Design cross-sections Class 1 or 2 plastically
[# Reduce shear Force after Weilenbach by S0% Info
oK Cancel
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Enter the values in the dialog box and confirm with "OK". When the following message box
opens, confirm.

Confirm

Governing design situation
Max. M, gq
max g = 0.443

The design values for the soldier pile are then displayed in a message box. The data can be copied
to a report via the Windows clipboard, for example, by pressing the "“To clipboard" button.

After leaving the result box, the infill walling design dialog box opens:

Infill design

— General

% Design timber infill " Design concrete infil

Reduction eah [F 477 I 1.000

— Timber infill

gigmalr,d] [k cré]; 1.85

— Concrete infil

¥ tnalysis with concrete qualities

|Concrete C20/25 |

f.od [kMAmE]: I 93333
Thicknesz of infill [m]: I 0.200

k. I Cancel |

The result is displayed in a message box after pressing "OK":

maw eah(d] = 19.7 kM /mé
gigmalr.d] = 1.85 kM /o
Required thicknesz of infill = 6.1 cm
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The check boxes activated by default in menu item "Editor 1/Verifications/Partial factors" are
"Perform 'Vertical capacity' analysis (EAU, EAP and EAB)" and "Perform 'Sum V' analy-
sis". The following dialog box therefore opens once the infill walling has been designed:

Analysis of vertical capacity X

Empirical data

|i

| Use own empirical data

Analyziz method
" Method 1 * Method 2
v walliz excavated

B

Partial factars

End resiztance gammalgb.k] [-]: 1.400
7
Skin friction gammalqz.k) [} 1.400 J
Reductions

End resiztance reduction [-]: 1.000

Skin friction reduction [-]: 1.000

I Consider adjustrment factor etalt] compliant with EAB B 85

ERE

E stenzion

Estenszion below TF [m]: Q.00

kinimurm embedment in load-bearing ztrata

Minimum walue [m]: @

Angle of equivalent force Ck
delta(C) / phik [-] 0667

Analysiz without end resiztance

|l ||l ||l

[ Allow analysis without end resistance

Filing B ecommendations input data
Ratio [min.. max.] = 0.00
[ Allow interpolation for gz < 7.5 M A [Skin friction)
[ Allow interpolation far cuk < B0 kN ArE [Skin Fiction)

|i

Awerage gb.k

Ii

Iv Calculate gbk by averaging qc or cu k

Bazeplate

I End resistance with bazeplate

| Circular slab D [m] | 0500
Cancel | Help |

A minimum embedment in load-bearing ground is not demanded in the EAU and EAB. The speci-
fied value of 2.50 m is guided by the Recommendations on Piling (EA-Pféhle). You can therefore
set the value for the minimum embedment depth to 0.0 m.
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Analyziz of mobilized pazsive earth pressure
Conditior: Gk -G'k + Pvk + Eavk + 05 Chk - tan[deka[C]] »= [Bw.k - 0.5 - Chk] - tan[deltalp]]
Glk=813kN

Gk =000 kM

Pl = 1670 kM

Eavk =65.83 kM [Eahk = 15253 kN)
Chl =0.00kM

Buwl =262 kM

delalp] [F] = -17.5

deltalC)[*] = 11.7

Sum %[g+qg).k = 88.05 [compreszion] kM

Analysiz of vertical capacity

[Empirical data according to EAB 2021]

Method 2 EAL Figure B 4-3 [right]

Section: HEE 300

Feduction of gb.k due to embedment depth tg < 3.00m = [tg - 0,50] / 2,50 = 0.580
End resiztance qo.m = 10,00 kMM ré

[averaged won B.65 to 8.15 m) == gbk = 696 MM/

Rb.d =4 gbk / gammalgb.k) = 0.0143- 696 - 1000 / 1.40 = 74.07 kN

Skin friction
From ko qz.k [kM/me] Dezignation
5.00 .95 53,33 S and, medium-dense

Skin surface area o 6.95 m =1.702 mésm ==+ R.z1.d

Skin surface area [TF + dil ] von 6.95 t0 695 m = 1.702 mé/m ==> R.z3.d
A.s1.d = etafz] - A.s1 k / gammalgs.k] =1.000-177.01 /1.40=126.43 kN
R.s3.d =R.:3.k / gammalgs k] =000 / 1.40 =000 kN
R.d=FRb.d+R.s1.d=20051 kN

Actions
Wd=G.d-Gk+Eav.d+Pv.d=1097 - 0.00 + 88.58 + 2255 =122 40 kN
= p=%d/R.d=12240/ 20051 =051

Analyze again

After clicking the "Analyse again" button it is possible to make changes to the above dialog box
to analyse the vertical capacity and have the analysis performed again.

Leaving the box with "OK", the earth pressure distribution, the moment, shear force profile and
normal force profiles, as well as the bending line, will be displayed on the screen. The analysis and
design of the retaining wall are complete.
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7.1.10 Step 9: Evaluate and visualise the results

Four legends appear on the screen, containing the soil properties, the main elements on which the
analysis is based, and the main design results. The fourth legend contains a diagram of the retain-
ing wall (see below).

F—300—]
HEB 300

Figure 2 Retaining wall diagram

The graphics can be printed on the selected printer ("File/Print and export” menu item). You can
also print off a detailed protocol ("File/Print output table™ menu item). The zoom function (see
"Graphics preferences/Zoom info" menu item) allows you to magnify selected areas of the
graphic. Double-clicking in the graphics at a particular point will cause a box to appear containing
the corresponding state variables.

Other forms of evaluation are possible from the "Evaluation™ menu, which will display the select-
ed type of earth pressure redistribution, the design parameters, the maximum values and the anchor
forces. The menu item "Evaluation/Deep-seated stability summary" is of particular interest:

Deep-seated stability factors of safety X
1] | Fare. | Back |

Starting point of zlip plane in wall area =6.95m

Ahlg.d] = &hjo.k] * gammalG] and  Ahlg+glk = Ak(gk] ® gammalG] + Ahlgk] * gammalll]
poss Ahlg.d] = pozs &hlo.k] # gammalEp] and poss Ak(g+q).d = pogs Ahlg+g).k ¢ gammalE p]
i = utilization factor <= 1.0

Mo, Depth Length  Ahlg+gld poss Ahlg+gld  muelg+g]  Ahlg)d poszdh(gld  mueg)
[mn] [m] [kMAm]  [kMim] [-] [kMAm]  [kMAm] []

1 0.00 10.00 58.1 1E.7 0.433 581 ME7 0.433 Optimise

A utilisation factor of 0.498 was determined for the example. Clicking "Optimise" will adjust the
anchor length accordingly. The anchor length necessary for a utilisation factor of 0.995 will be
displayed after a few seconds. Changing anchor length radically alters the structural system, since
the total axial stiffness of the anchor is increased. Thus, following optimisation, a corresponding
warning box appears. In practice, the effect of the changes on cross-section through optimisation is
usually small and can be neglected. However, if you are unsure, it is better to reanalyse.

If you wish to add explanatory text or graphic elements, you can do so using the "Mini-CAD"
module. You can save your work in a file by clicking "File/Save as".
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7.2 Worked example 2: Sheet pile wall with corrosion

7.2.1 Initial system

Several years ago, a 10.25 m long sheet pile wall (AU 23; S 240 GP) was installed in a harbour. At
the top of the sheet pile wall a very steep, 0.30 m thick armour was subsequently constructed. The
gradient is 1:1.30. The armour is stable if a horizontal load of 10.7 kN/m and a vertical load of

5.0 kN/m can be accepted at the top of the sheet pile wall.

A residential building was erected together with the armour at the rear of the sheet pile wall, built
on a pile foundation to avoid additional loading on the sheet pile wall.

3.21

-~

-

2.47

—T — — —Hg=-10.7 / Vy

=5.0 (0.3)

GW (1.42)

4.00

20.0

Figure 3 lllustration of worked example 2

This example is included in the file "Manual example 2-1.vrb" in the program's Examples folder.
Once you have opened the file you can follow the input described in the previous example in the
relevant menu items in "Editor 1" and "Editor 2".

The sheet pile wall is analysed as elastically bedded (menu item "Editor 2/Subgrade reaction

moduli").

Subgrade reacti
Depth
[m]
0.00-1.00
1.00-12.00

on moduli
Top Bottom His
[MM/m3] [MHN/m3] [-]

5000 5000 0.1000
20.000 20000 01000
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To avoid unrealistically high differential water pressures the subsurface hydraulics are investigated
using flow conduits (menu item "Editor 1/Groundwater").

The new system can be verified using the specifications described above.

Water pressure approach + hydraulic gradient

Horizontal water pressure approach:

{7 Clazzical ' with flow conduits
[~ Mo percolation around wall

[ Toe potential to EAL 2004 R 115 j
[ Adopt fow below wall baze

Flaw below wall baze [m] R.000

Ditferential water pressure

v = zetto'0.0if directed to earth side

Congider hodraulic gradients i an:

v Active side [v Paszsive side
Condition: ‘gammalzail] - i - gammalw] >= 0.0°
v Adhere to

Cancel
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7.2.2

System with corrosion

Corrosion for which section?

— |npuits

Corrozion [Excavation side] [rmm]: I A0
Corrozion [Ground side] [rmm]: I 00

Section: I.-'l‘-.LI 23 (U zection) ;I

— Info
Mew zection data are calculated uzing the zpecified comozion values.

The new zection data can then be allocated to the selected section
ar another exizting zection.

Haowever, the 'new' zection can also be added ta the existing
gechion list.

To dothiz, zelect the Mew zection' entry dizplayed in the combi-box
following the nest analyzis stage.

Canicel |

However, an additional 4 mm of corrosion on the water side must be investigated. In "Editor
2/Sections" there is a "Simulate corrosion™ button opening the following dialog box:
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After selecting the section and entering the corrosion, new section data are calculated, and a new
section name proposed.

Corrosion

— Carrozian
Excavation side = 4.0 mm
Ground zide = 0.0 mm
Centroid dizplacement = 1.7815 mm

— Befare / After
Size Befare After
Dezignation Al 23 |g|_| 23400
h [mm] 447.0 443.0
t.f [rom] 13.0 9.0
k. [roimm] 95 8.5
Wi el [cr/m] 2270.0 1605.2
W pl [crdm] 2B00.0 1821.3
&, [cmédm] 1730 1237
| [cm™44m) ROF00.0 58354
Use az INew zechion ;I
[T Add atend

Cancel |

EAU 2012 8.1.8.4 stipulates that analysis may be based on DS-A.

Analysis still fails using the newly calculated section data (see file "Manual example 2-2.vrb™).
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7.2.3 System with partial corrosion

The section is not corroded along its whole length, only in the low-water zone.

A second analysis using several steel sections is performed.

Analysis options

— Project identification

ISectiDn A8 - Congtruction level

— Standard:

" Partial zafety factors (DIM 1054:2005)
" Global zafety factar concept [DIM 1054 old]

& Partial safety factors [EC 7) Info EC ¥ |

— General

[T Show excavation on right

Subgrade moduluz unit IMN £ TI

[T Differentiate active + pazsive soil properties

[T Use anchor/strut spacing

Anchar/strut zpacing [m] I 2000

[T Usze abzolute heights Dresign. Im

ENE

— wall inclination

Wall inclination [7] I 0.0

li

— Steel design:
" Using section fist

% sing several steel sections or inserted beams
T ———

¥ Steel design o EL 3
[T Buckling analysis limit criterion: M_Ed/Mer <= 0.1

[T Userdefined vield strezs k [steel pile)

BRI

— Concrete design:

¥ romal force characteristically

Ii

— Type of wall:

Soldier pile wall | Sheet pile wall

Bored soldier P k1P wall

I

Bored pile wall | Diaphragm wall
|
|

Comb. sheet P

Cancel |

[T Soldier pile wall with tubular sections
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Once the "Using several steel sections or inserted beams" check box is activated the following
system can be investigated ("Editor 2/Section data"):

Single sections

Fanw. I Back | Cancel | Dane I Load I Save | Sart |

2 Single sections to edit |

Mo, Depth [m] D ezignation Steel quality

1 [ 3000 AU 23(4/0) | |5 2a0GP
2 [1eom Al 23 | |5 2a0GP

L] L

4 mm of corrosion are assumed down to 3 m. Below this the section remains undamaged.

Using these specifications analysis is successful (file "Manual example 2-3.vrb").
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8 Theoretical principles

8.1 General notes to types of retaining wall

The following types of retaining wall can be analysed:

e soldier pile walls,

e sheet pile walls,

e bored pile walls,

e diaphragm walls,

e bored soldier pile walls,

e FMI/MIP wall,

e combined sheet pile walls.
Sheet pile walls, bored pile walls and diaphragm walls differ only in respect to the design of their
sections, i.e. design of the reinforced concrete to EC 2 (bored pile wall = circular cross section;
diaphragm wall = rectangular cross section). Soldier pile walls and bored soldier pile walls differ
only with respect to the design of the steel section (soldier pile wall) and the circular cross section

(bored soldier pile wall). The FMI (cut, mix, inject) wall, which is often also referred to as a MIP
(mixed-in-place) wall, represents a special case.

T T !
i =2
L =

HEB 300 MIP wall

Figure 4 FMI/MIP wall
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8.2 Soil properties

A maximum of 50 soil layers can be taken into consideration. The following parameters must be
given for each:

o depth in metres below top of the wall, or absolute depth,

e unit weight [kN/m3] of moist soil vy,

e unit weight [KN/m3] of buoyant soil y',

o friction angle [°],

e cohesion (active and passive) [KN/mZ],

¢ active angle of wall friction as the ratio 3./¢,

e passive angle of wall friction &y/,

e permeability to the left and right of the retaining wall [m/s],

e skin friction gs,k [kN/mZ],

e cone resistance from CPT qc,

e shear strength of the undrained soil cu,k.
If you activate the "Differentiate active + passive soil properties” check box in the dialog box in

"File/New" or "Editor 1/Analysis options", you can enter differing friction angles and unit
weights for the active and the passive sides.

Permeability is taken into consideration in a calculation of subsurface hydraulic conditions via
flow conduits parallel to the wall (see Section 8.7.1.2).

If you want to analyse the pull-out resistance of anchors, activate the "Verification with gs,k"
check box in the "Editor 2/Anchors" dialog box (see Section 9.3.7).

To analyse the vertical capacity to EAU, EAB and EAP, enter the cone resistance qc and the shear
strength of the undrained soil cu,k.

The program provides an expandable database with soil properties for common soils. The
database can be opened via the "Common soils" button in the "Editor 1/Soils" editor box
(see section 9.2.5).

If you are already working with GGU-CONNECT, you can also import soil properties from your
subsoil layer model that you have created in GGU-CONNECT (see section 9.2.5).

8.3 Active earth pressure

Active earth pressure is analysed to DIN 4085. DIN 4085 provides two relationships for the
coefficients of earth pressure kan (friction) and ke (cohesion). Alternatively, there is the option of
determining the cohesion coefficient from ke = kan2, @ method often found in older literature.

In addition, calculation of the active earth pressure after Culmann is possible. The calculations use
a slice method with planar slip surfaces.
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8.4  At-rest earth pressure

The at-rest earth pressure coefficient is calculated compliant with DIN 4085:2017.

8.5 Increased active earth pressure

The coefficient of increased active earth pressure, ken, is obtained from the coefficient of active
earth pressure and at-rest earth pressure:

Keh = (1.0 - ) - Kan + F - ko

0.0<f<1.0

8.6 Passive earth pressure

The coefficient of passive earth pressure can be analysed using a number of methods:

o DIN 4085:2017,

e DIN 4085: 2017 planar slip surfaces,

e Streck,

e Caquot/Kerisel,

e DIN 4085:2017 planar slip surfaces/Caquot/Kerisel.

e Mohr/Coulomb (root)
This approach is obsolete and should no longer be used!

The passive earth pressure acting on soldier piles is calculated after Weillenbach (EAB R 14).
When the soldier piles are so close together that the effects of passive earth pressure overlap, the
calculated values should be reduced. The passive earth pressure with and without overlapping
must be determined for this purpose. Passive earth pressure acting on soldier piles without an over-
lap effect takes the shape of a parabolic curve and depends, amongst other things, on pile width.
GGU-RETAIN calculates both values (with and without overlap effect) for all subdivisions. The
lower of the two values obtained is then used in the subsequent analysis. Thus, in a graphic visual-
isation of passive earth pressure acting on a soldier pile, part of the curve may be parabolic, while
another part is linear.

In addition, calculation of the passive earth pressure after Culmann is possible. The earth pressure
after Culmann is acquired by varying the slip surface angle (see Piling Handbook 1977). The forc-
es at the earth pressure wedge are calculated using a slice method.

DIN 4085:2017 stipulates that planar slip surfaces may be adopted for analysis up to a friction an-
gle <= 35° and a wall friction angle <= -2/3 phi. This returns more favourable earth pressure coef-
ficients.
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8.7 Water pressure

8.7.1 Approach for sheet pile walls and in-situ concrete walls

8.7.1.1 Classical water pressure approach

For sheet pile walls and in-situ concrete walls, water pressure can affect the active and passive
sides of the wall. The classical water pressure approach is illustrated in the following figure:

Resultant load

Groundwater
Water level
// \\
/ \
/ \
L \

Figure 5 Classical water pressure approach

However, the classical approach does not take the permeability of the soil into consideration. The
gradients on the active and passive sides are obtained by assuming a linear reduction in pressure

around the retaining wall.
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8.7.1.2 Water pressure approach using flow conduits

Beside the classical water pressure approach, GGU-RETAIN also allows analysis of walls around
which groundwater can percolate. To facilitate this, a flow conduit is calculated on the active and
on the passive side. The permeabilities within the flow conduit can be specified separately for each
soil layer.

Groundwater

Water level

O
O
a
D
O
@)

peNee
OcP
ol

o S

Figure 6 Water pressure approach using flow conduits

If you select the water pressure approach using flow conduits, the potentials h at the height of both
water levels will be automatically adopted as boundary conditions. In the simplest case of a global
permeability value the result is linear pressure dissipation along the flow conduit. Besides the
water pressures, the hydraulic gradients will also be calculated and can be selected for
consideration in the calculations of active and passive earth pressures.

An approach using flow conduits is, however, much more interesting for use with variable
permeabilities. In this case, the water pressures are correctly determined in accordance with
potential theory by employing a small finite-element module within GGU-RETAIN. You can still
define additional potentials at any location to the left or right of the retaining wall. This allows
correct, simple consideration of several groundwater storeys or confined aquifers. In addition,
employing user-defined potential definitions allows you to create or model any kind of water
pressure distribution.
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8.7.1.3

Recommendation for water pressure approach

The classical water pressure approach is valid when the toe of the retaining wall is embedded in a
layer of low permeability. Otherwise the difference in water pressure at the wall toe (see Figure 5
Classical water pressure approach) has no physical meaning, but nevertheless provides conserva-

tive design values.

The classical water pressure approach and the approach using flow conduits (under uniform condi-
tions of permeability) both assume a linear pressure drop along the wall. Given uniform permea-
bility, this can lead to an underestimate of the hydraulic gradient, since the two-dimensional flow
to which the wall is subjected is not taken into consideration (see also EAU). Using flow conduits,

with additionally defined potentials at the toe of the wall, this can be corrected.

For soils with non-uniform permeability above the wall toe, the water pressure approach using
flow conduits should always be preferred. If doubts remain, you will have to carry out a two-
dimensional groundwater analysis according to the EAU. The potentials determined at the wall can
be incorporated into flow conduits.

If an impermeable layer occurs at the base of the wall there will be no hydraulic gradient along it.
Nevertheless, when using the classical approach, a linear reduction in water pressure is assumed in

the literature, which really amounts to unnecessarily doing the same thing twice.

8.7.1.4

Possible conceptual error using flow conduits

On the other hand, the following conceptual error can easily be made using flow conduits when
dealing with the following system:
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Figure 7 Possible conceptual error using flow conduits
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pl=yw-C
p2=vyw-b

The permeabilities of the clay and sand layers are 1-10® m/s and 1-10** m/s, respectively. Alt-
hough GGU-RETAIN conforms completely to potential theory, the calculated difference in water
pressure, p1 [KN/mZ?], does not correspond to the distribution of pressure that would be expected.
Based on what has already been described, the application assumes a current of water in a flow
conduit parallel to the wall from the water level on the right to the water level on the left of the
wall. At the top right-hand end of the flow conduit the water level corresponds to the right-hand
water level, while at the top left-hand end of the flow conduit it corresponds to the left-hand water
level. The reduction in water pressure between these two points is now determined according to
potential theory. The resulting difference in water pressure between the left and right sides corre-
sponds to the distribution p1 shown in Figure 7, and according to the applied method is perfectly
correct. However, if the groundwater level below the layer of undisturbed clay is the same as that
above it, this approach will produce an erroneous value for the water pressure distribution. In the
above example, the water pressure below the layer of clay will be determined almost entirely by
the water pressure in the excavation. If the water pressure below the layer of clay is to correspond
with that above it, using flow conduits, a potential of

h=a

must be defined on the right side, below the layer, to achieve the desired distribution of water pres-
sure differentials, p2, as shown in Figure 7. Although GGU-RETAIN conducts plausibility
checks, there are nevertheless situations in which an analysis without additional definition of a po-
tential below the clay layer is useful. Whether or not the computed difference in water pressure is
what you had in mind can be easily checked by selecting the "Differential water pressure™ com-
mand button in the dialog box that appears when you click "Graphics output preferences” in the
"System" menu. Then GGU-RETAIN graphically displays the difference in water pressure be-
tween the left and right sides of the retaining wall.
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8.7.2

Approach for soldier pile walls

In general, adopting water pressures for soldier pile walls does not make sense, because they are
usually permeable to water. But even when using timber infill, water pressure can build up behind
the wall in certain circumstances (see Figure 8).

Water pressure = 0

Directly behind the wall
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Water pressure at
a given distance
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Figure 8 Water pressure for soldier pile walls

The program therefore allows for adopting water pressures with soldier pile walls.

8.7.3 What is a potential?

In subsurface hydraulics the potential (h) is composed of:

o the elevation head (y) of the point under consideration (in metres) and

o the water pressure (u) at the point under consideration (in metres).

If p is the water pressure in kN/m?2 at a particular point, then water pressure, u (in metres) = p/yw
(yw = unit weight of water = 10.0 kN/m3).

th/'Yw‘I'y

h = potential [m]
p = water pressure [KN/m?]
y = elevation head [m]
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An example:
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Figure 9 Definition of potential

In this example, two permeable soil layers are separated by a low-permeability layer (clay). In the
excavation, groundwater is kept at the base level. The groundwater in the gravel layer below the
clay is under pressure and rises to 3.5 m below the top of the wall (represented in the diagram by
the water levels in the two standpipes on the right). The lowest point in the right-hand standpipe is
at a higher water pressure than that in the left-hand standpipe, but both have the same potential of
3.5 m below the top of the wall. Because potential is a function of the elevation head and the water
pressure [m], the left-hand standpipe makes up for its lower water pressure by its greater elevation

head.

If you want to calculate such a system using flow conduits, it is sufficient to enter a potential of
3.5 m below the top of the wall for any point within the layer of gravel. The potential above the
layer of clay is defined by groundwater levels to the left and right of the wall. GGU-RETAIN au-
tomatically applies these conditions, which it uses, together with the permeabilities, to calculate
the potentials along the flow conduit. From the calculated potentials (h), water pressure (p) and
also the gradient (i) can now be determined. Applying the above formula for p:

For the gradient (i) we have

p=yw-(h-y)

i=Ah/AL

where Ah = potential difference between two points
AL = distance between the two points

Using flow conduits, the load-decreasing effect of the upwardly directed hydraulic gradient on
passive earth pressure can now be taken precisely into consideration.
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8.8 Berms

GGU-RETAIN can handle berms on both the active and the passive sides of the wall. The berms
can include surcharges. The effect on earth pressure is taken into consideration according to the

Piling Handbook (Krupp Hoesch Stahl).

x? Surcharge
- x1
dh
&
a
@
x—_
¥
Additional load from herm and
surcharge

Figure 10 Berms on the active side

The following relationships apply for the parameters x and y:

X = Kano / (Kanp - Kano) - @
Y = Kano / (Kanp - Kano) - X

Aeanu =y - dh + surcharge

v = unit weight of soil in the berm area

If the angle B is greater than ¢, it is assumed that 3 = ¢ for analysis. Berms on the passive side are

dealt with in the same manner.
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8.9

Area loads

Up to 20 area loads can be positioned on the active side at any height.

LI I B B B B |
Area load
.’ 7 )
___—’ ’,’,’ Possible types of earth  eaho =
L ) P4 ’/ pressure distribution 3 *eahu
,’ / ] ]
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L7 ‘ ] ]
, —
e ’ — / |
s / —
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/
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/
/
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/ —
/7 9 —
r L |
Type 1 2 3

Figure 11 Area load

The slip surface angle for the active earth pressure resulting from the self-weight of the soil is
adopted for analysis compliant to DIN 4085.

cos(p - a) |
8,,= ¢ +arctan | |

st-anJsmwwa)-cos(a—mJ

sin(p - f)-cos(a +5,)

When there are several soil layers, GGU-RETAIN moves from layer to layer applying the appro-
priate angles of friction. The type of resulting earth pressure distribution can be defined in 4 differ-
ent ways.
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For at-rest earth pressure, the area loads are calculated by increasing by the factor kO/kah in com-
pliance with DIN 4085 Section 6.4.3.

Alternatively, it is possible to determine the demands placed on a wall from area loads using the
theory of elastic half-space. The two load concentration factors '3' and '4' can be taken into consid-
eration (see also Figure 12).

e For overconsolidated, cohesive soils the concentration factor "3" applies, where:
€op = O/t - (B2 - B2+ cOSP1 SiNP2 - cOSP2 SinP2)
e For non-cohesive soils, or for cohesive but not over consolidated soils, the concentration

factor "4" applies, where:
€op = /4 - (SIN3B2 - SiN3B1)

Area load

Figure 12 At-rest earth pressure from area loads

Regarding the kind of earth pressure, area loads can be defined independent of the global prefer-
ences (see menu item "Editor 1/Type of earth pressure"”, Section 9.2.6).

It is possible to enter a horizontal load p(h) when defining area loads ("Editor 2" menu, Sec-

tion 9.3.2).
Area loads
Done | Farw. | Back | Cancel | Sort
1 area load(s] to edit | Loads with limited plan dimenzions |
plv] plh] «[left] w[right] Depth .
Y R e [rn] [rn] Type Live
1 | o000 [10o0  |1.000 | 2500 0000 |Triangle [max. at top] -l o

Figure 13 Horizontal loads p(h) in area loads
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In this case, a horizontal load of 10 kN/m?2 was defined with a width of 1.50 m. This corresponds to
a horizontal load H of 15 kN/m. According to the Piling Handbook (Spundwand-Handbuch) this
results in the active earth pressure shown in Figure 14 for homogeneous ground:

1.00 1.50

—
—
.

Phg=10.0/p, 4=0.0
-
TH=15kN/m
/

~N
3.28

Figure 14 Active earth pressure from horizontal loading in homogeneous ground (p = 32,5°)

The area covered by the active earth pressure resulting from horizontal loads corresponds to a hor-
izontal load of 15 kN/m.

In homogeneous ground, the resulting earth pressure is independent of unit weight and cohesion.
The earth pressure distribution with depth is acquired from the friction angle ¢ and from 3, which
results from it. The earth pressure area is independent of the angle of friction and always corre-
sponds to the adopted horizontal force H. In stratified ground the beginning and end of the earth
pressure's zone of influence is acquired by averaging ¢ and 9.

If at-rest earth pressure or increased active earth pressure are adopted the horizontal forces from
the resulting earth pressure cannot be greater than the acting horizontal force H for equilibrium
reasons. The same earth pressure distribution is therefore adopted in GGU-RETAIN for at-rest
earth pressure and increased active earth pressure as for active earth pressure.

8.10 Loads with limited plan dimensions

Loads with limited plan dimensions can be reduced compliant with "Piling Handbook" Figure 4.20
(page 64) or DIN 4085:2017-08 (page 17), see also Section 9.3.2.
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8.11 Bounded surcharges (active side)

Up to 40 bounded surcharges can be positioned at any height on the active side.

aliiiniiim
7

Figure 15 Bounded surcharge (active side)

The earth pressure coefficient k is acquired from ka, for active earth pressure and from ko for at-
rest earth pressure. If this option is activated, the resulting earth pressure is then redistributed.

If negative values are entered, e.g. in order to generate a double-bounded surcharge, the linear
component between ¢ and 3 may not be adopted.
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8.12 Double-bounded surcharges (active side)

If two bounded surcharges are defined as follows:

1.00
-

P

2.00 P|

Figure 16 Two bounded surcharges

e Bounded surcharge 1:
begins at x = 1,00 m and has the value p.

e Bounded surcharge 2:
begins at x = 2,00 m and has the same value as surcharge 1 but with a negative sign
(see the explanation on the previous page, Section 8.11).

A double-bounded surcharge, which acts because of p at x = 1.00 to x = 2.00, is thus defined as the
result of earth pressure analysis. However, the graphics are not satisfactory and may be irritating
for an examiner. Double-bounded surcharges were therefore introduced.

Figure 17 Double-bounded surcharge

The same result is achieved as for the definition provided by Figure 16 but with improved
graphics.

The area loads described in Section 8.9 are based on different assumptions for the resulting earth
pressure, so the definition of a double-bounded surcharge does not provide the same result as an
equivalent area load.
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8.13 Bounded surcharges (passive side)

Up to 40 bounded surcharges may be adopted at any height on the passive side. The passive earth
pressure is computed as follows:

p =10.0

I
—
@ \\\\

Figure 18 Bounded surcharge (passive side)

8.14 Double-bounded surcharges (passive side)

Double-bounded surcharges on the passive side can be modelled using two bounded surcharges
(also see Section 8.12). Double-bounded surcharges on the passive side were only implemented
due to the better graphical representation.

8.15 Length surcharge

In the case of full or partial fixity of the retaining walls, a length surcharge for the theoretically de-
termined embedment depth is required. In accordance with the EAB, this surcharge can be adopted
at 20% of the theoretically determined embedment depth for full fixity. For partial fixity the value
is acquired by linear interpolation between 0% and 20%. Alternatively, the length multiplier Ax
can also be calculated in accordance with the EAU (Empfehlungen des Arbeitsausschusses "Ufere-
infassungen" - Recommendations of the Committee for Waterfront Structures, Harbours and Wa-
terways):

AX > Chn/ epnc

Ch = equivalent force after Blum (horizontal component)
epnc = passive earth pressure stress on the equivalent force side
below the theoretical toe TF

GGU-RETAIN can use either method. When calculating with the above equation, GGU-
RETAIN always adopts the coefficient of passive earth pressure after Streck. After determining
AX, the program checks whether the additional length extends into soil with a lower coefficient of
passive earth pressure, in which case it uses the lower value. The output table will provide you
with a detailed presentation of the results.
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8.16 Structural system

The structural analysis required to determine the state variables (displacement, moment, shear
force and normal force) is not carried out by means of a continuous beam analysis, as is usual in
retaining wall applications, but by means of a rod construction module, which treats the retaining
wall and any anchors and struts as a single structural system. For inclined anchors in particular, the
interactions between the anchor and the retaining wall can thus be correctly processed in a single
computation. In a system with one anchor and one strut, for example, the following schematic
would represent the governing structural system:

Structural system

Strut
AN ™
Hinges
DA\"WQ
Toe is fixed
7777

Figure 19 Possible structural system

In addition, a vertical load can be defined for a strut and, if necessary, a rigid connection to the re-
taining wall be taken into consideration. For anchors and struts, the axial rigidity must be specified
so that its influence on the action effects can be correctly recorded. The rod construction module
can also compute using 2" order theory. This means that buckling length investigations for struts,
for example, can be dispensed with.

The theoretical principles of the rod construction module can be traced back to an article by Dud-
deck/Ahrens (Betonkalender 1976 (Concrete Calendar), Volume 2). Basically, this is a finite ele-
ment method based on the displacement method.

Using FEM produces equation systems in which the number of unknown quantities is a function of
the number of rods. The solution to the equation system is acquired in GGU-RETAIN using
Cholesky's method, which is also employed in other GGU programs and is highly stable numeri-
cally. Nor have there been any numerical difficulties reported from other GGU applications.
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8.17 Design

When you start an analysis, the program requires the stiffnesses of the retaining wall and any an-
chors and struts present. This data can be specified before going ahead with the analysis. The
GGU-RETAIN program also provides an additional option for determining the optimum section
for the computed action effects, using a list of sections loaded with the program. This list can also
be edited and expanded. To do this, the program also requires you to enter the maximum allowable
stress. If the newly determined section does not coincide with the section on which the analysis
was based, GGU-RETAIN alters the calculated displacements as a function of the moments of
inertia of the two sections. However, a new analysis would normally be performed, as the stiffness
conditions have changed, because the axial rigidity of the anchors and struts, and any subgrade re-
action moduli, do not alter. In most cases, nevertheless, renewed analysis is unnecessary, because
the axial rigidity of the anchors/struts is generally so great that appreciable support displacements
do not occur. In the appropriate program situations, you will still be warned.

Stress determination can be by one of three different means:

e working o = N/A+ (N - w + M)/W,
e working o = N/A + M/W,;
e working c = M/W.

where
N = greatest normal force (absolute)
A = cross-sectional area
w = greatest displacement (absolute)
M = greatest moment (absolute)
W = section modulus.

Shear design is also performed.

In-situ concrete walls can be designed to EC 2. Shear design is also possible here.
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8.18 2" order theory

The differential equation for a normal flexural member is:

Elw™(x) = q(x)

The normal force N is taken into consideration for a buckling member:

Elw"{x) + Nw"(x) = q(x)

For the sake of completeness, the differential equation for an additionally bedded system is shown
here since the program also allows parallel processing of systems with 2" order theory and elastic
bedding. The equation is:

Elw™{x) + Nw"(x) +k,wix) = gq(x)
Analysis is performed on the deformed system. In

e DIN EN 1993-5
Design of Steel Structures,
Part 5: Piling

analysis using 2" order theory is recommended for analysis of sheet pile walls under buckling
loads. DIN EN 1993-5 refers to

e DINEN 1993-1-1
Design of Steel Structures,
Part 1-1: General Rules and Rules for Buildings

for these analyses. Analysis using 2™ order theory produces more accurate results than the usual

and simplified equivalent member method. Analysis of sheet pile walls under buckling loads is
performed in GGU-RETAIN compliant with DIN EN 1993-1-1.

Analysis using 2" order theory requires a predeformation or pre-curvature of the underlying sys-
tem. Pre-curvature values are given in Table 5.1 of DIN EN 1993-1-1.

Tahle 5.1 — Pre-curvaiure design values ega/L for siruciural ele menis

Buckling line Elasiic analysis Plastic analysis
from Tahle 6.1 codll oL

iy 1/350 1/300

a 1/300 1/250

b 1250 17200

v 17200 Mso

d 1/150 1100

Pre-curvatures are given as a function of the buckling line. In simplification, sheet pile walls can
be analysed with a pre-curvature of eqd/L = 1/150.
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In the case of embedded, non-anchored walls, the deformed system results from an inclined posi-
tion of the wall

et

_—

Figure 20 Embedded, non-anchored wall

In the case of embedded, simply back-anchored walls or a freely supported, simply back-anchored

wall, the deformed system results from a linear pre-curvature from the support point to the wall
head and a parabolic pre-curvature between the support points and the wall base.
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Figure 21 Singly anchored, embedded or wall with free earth support
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The length L is given per field. The procedure for two rows of anchors is shown in Figure 22.
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Figure 22 Doubly anchored, embedded or wall with free earth support
The settings are defined in GGU-RETAIN in the analysis menu under "System/Analyse".

Buckling analyziz DIN EN 1933-1-1
v 2nd order thean

Pre-curvature:; 1480 - j

[ Double value in parabolic regions j

¥ Pre-curvature to ground side

The size and direction of the pre-curvature can be specified. Whether a pre-curvature towards the
ground side or the atmosphere side provides the more unfavourable design values is system-
dependent: the following message will therefore be displayed once analysis begins:

Y'ou are uging pre-curvature to DIN EM 1933-1-1.

Y'ou have selected pre-curvature to the ground side.
“When finizhed, analyse again with pre-cureature to the air side and
check whether more unfavourable design values are acquired.
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You must therefore deactivate the "Pre-curvature to ground side" check box following success-
ful analysis and check, in a new analysis, whether pre-curvature to the atmosphere side delivers
less favourable values.

In an analysis using 2" order theory the necessary iteration process in terms of displacement is
carried out using the design normal force Nq. The analysis is based on a frame system, such that
axial stiffnesses, and anchor and strut inclinations are taken into consideration correctly.

Subsequent design is based on a comparison of stresses

od <fyx/ym= fyx/ L 1="14

The 'Example’ folder contains 4 GGU-RETAIN files, which deal with the classical Euler cases
1to 4. If the vertical load V is increased slightly using the "Editor 2/Action boundary condi-
tions” menu item and the system analysed, the following error message appears:

Fod construction!
Maon-positive definite equation systeml
R etaining wall may buckle.

The normal force given in the data files thus corresponds to the buckling force determined after
Euler.
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8.19 Bedding conditions of wall toe

Classical methods of computation recognise two limit states for bedding of the wall toe:

e Limit state 1:
Wall toe freely embedded on resultant of passive earth pressure.
Embedment depth is determined through iterative displacement of a horizontal support.
Embedment depth is found when support force is zero.

e Limit state 2:
Wall toe fully fixed.
Determination of the embedment depth is achieved through iterative displacement of a fixa-
tion point at the bottom of the system. The embedded depth is found when the moment is
zero at the point of fixation.

For full fixation in accordance with the EAB, GGU-RETAIN increases the theoretical embedment
depth by 20%. Between the two limit states, intermediate conditions of partial fixation between

0 % and 100 % are possible. If you want to compute partial fixations, GGU-RETAIN will first
calculate embedment depths for the two limit states. The necessary embedment depth is then ob-
tained through linear interpolation between the two extremes. In the same way, for a given section
length, the degree of fixation is determined from the two extreme embedment depths. The neces-
sary longitudinal extension (length addition) of between 0 % (for free earth support) and 20% (for
complete fixation) is also determined by linear interpolation in compliance with the EAB.

Thus, there are two different ways in which section length and the degree of fixation can be deter-
mined:

o determination of section length for a given degree of fixation of wall toe;

e determination of degree of fixation of wall toe for a given section length.

8.20 Bedded systems

8.20.1 General information on types

When a retaining wall is bedded there is always a degree of toe fixation, whereby the degree of
fixation cannot be meaningfully given. Thus, for a bedded wall toe we have the following two var-
iations:

e bedded wall toe with given section length,

e bedded wall toe with automatically determined section length.
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8.20.2

Section length fixed and bedded toe

In this variation you enter a fixed height for the wall.

The elastic calculation results in a soil pressure that occurs in front of the wall and can be deter-
mined from the product of the modulus of subgrade reaction and the deformation along the wall.
This elastic pressure may not be greater than the passive earth pressure acting in front of the pile.
Following analysis, this condition will generally not be met, so that iterative reduction of the mod-
ulus of subgrade reaction, along with the resulting soil pressure, will be necessary to meet it. The
following dialog box will appear, with which you can control the iteration process.

Adjust subgrade reaction *

The paszive earth pressure iz exceeded by

the zoil pressure, at a depth of 4.05 m
um 3574.1%]

Subgrade reaction iteration

Drarmping [» 0.0 and <= 0.99]: 0.500 Ifo |
Permizsible excess [Z]: 0.01a0

b & number of iteration steps; 400

Give a warning if the modulus of subgrade
dropz in general below mas ks

Maw. kelkM ol [ 1000

Adjust subgrade reaction?

Yes Mo

The default values have proven themselves in practice and will generally not need to be altered.

"Damping" prevents strong fluctuations around the actual solution during the iteration process. A
value of 0.0 produces no damping, while a value of 0.99 produces very strong damping and long
computation times.

Using "Permissible excess" you specify the percentage by which the elastic stress may exceed the
passive earth pressure before the iteration is ended.

The number of iteration steps can also be specified. If, after the set number of steps, soil pressure
is still greater than passive earth pressure, iteration is ended without result.

During iteration, the modulus of subgrade reaction is reduced. If the analysis requires a reduction
over the entire wall length to a value below "max ks", iteration is aborted. This usually happens
when the wall is not long enough to take the load.
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8.20.3 Automatically determined section length and bedded toe

Using this option, you can determine the optimum height of the wall.

First you must define the range of section lengths within which GGU-RETAIN is to find the ideal

value.

lterative determination of section length X

Section length iteration:

kirirum zection lenath [m]: B0
b aimurn zection length [m]: 12.00

Delta section length [m]; 1o

[teration conditions:

Dramping [> 0.0 and <= 0.99): 0.500

Permizsible excess [X] 0.0100

3o to nexrt zection lenagth if the moduluz of subgrade
draps in general below mas ks

5 = (A 100.0

kaw. no. iteration stepss/zection length: A0

Additional iteration crikerion:

* Mo additional criterion

™ Max. wall top displacement [rmm]: s0.00

7 Max. wall top rotation []; 1.00

Cancel

Enter the maximum and minimum section lengths, as well as a delta section length, in the top
group box of the dialog box shown above. This defines the range of lengths from which the
optimum length should be selected. The central group box deals with iteration (see explanations in
Section 8.20.2). In the bottom group box, you can define additional iteration criteria, such as
maximum displacement of the wall top.
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8.21 Action and displacement boundary conditions

GGU-RETAIN automatically sets the boundary conditions shown in Figure 19 Possible structur-
al system (see Section 8.16). It is also possible to enter additional boundary conditions for any
point on the wall. All six state variables can be defined as boundary conditions:

o displacement along x-axis,
o displacement along y-axis,
e rotation,

e horizontal force,

e vertical force,

e moment.

8.22 Predeformations

When a number of excavation phases are under study, deformations from a previous phase can be
implemented as lowering of supports at the new anchor points for the next phase. According to the
EAB (R 11), however, such studies are not usually necessary.

In a continuous beam analysis, it is a simple matter to introduce the corresponding support dis-
placements. In a rod framework application that does not consider anchors and struts as mere sup-
ports (see Figure 19 in Section 8.16), the same lowering of the support must be introduced at the
anchor toe as at the anchor head, otherwise a large proportion of the resultant load would be trans-
ferred to the anchor. Thus, apart from being able to define displacement boundary conditions,
GGU-RETAIN also offers a menu item dealing with predeformations. If you wish to enter prede-
formations by hand, or need to, this must be done as displacements under predeformations and not
as displacement boundary conditions. Of course, once this is done, GGU-RETAIN takes care of
the rest. You also have the option of automatically adopting predeformations from a previous
analysis.

Designing a retaining wall involves a multitude of different adjustments, making it all too easy to
lose one's bearings. GGU-RETAIN is thus designed to ask numerous questions, which, apart from
controlling correct entry of data, also check plausibility, special preferences, and compatibility
with the EAB. When a data entry error is recognised, a warning box appears, and analysis is put on
hold. Responses to inconsistencies in respect to plausibility or special preferences always offer two
options:

e accept warning and start analysis,

e accept warning and do not start analysis.

When GGU-RETAIN draws your attention to special preferences, the dialog box is always de-
signed so that simply pressing [Return] will not terminate the analysis.
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GGU-RETAIN is designed for a high degree of user interaction, with the aim of avoiding errone-
ous and unwanted preferences (see above). Batch processing for the background processing of
several files simultaneously is incompatible with this concept. Therefore, GGU-RETAIN does not
create a single dataset when dealing with several construction phases. All phases must be dealt
with in separate datasets. The only disadvantage of this is the treatment of predeformations. If you
want predeformations from a previous construction phase to be automatically taken into considera-
tion, this previous phase must already have been analysed (obviously) and be available as a dataset
(on your hard disk). This dataset must be given as the dataset from which the predeformations are
to be determined for the new construction phase. Since there is no re-analysis of the old phase, this
dataset and the results obtained with it must be saved. If you should mistakenly select a dataset
that contains no results, GGU-RETAIN will inform you of this. Otherwise, there are no re-
strictions. The name of the file with the predeformations is saved with the current dataset, where it
is available for future use.

8.23 Pretensioning

Personal experience has shown that discussions surrounding the necessity for considering preten-
sioning are never-ending. Independently, the program enables pretensioning for anchors/struts to
be taken into consideration using the "Editor 2/Pretensioning"” menu item.

For anchors, pretensioning must be entered as positive. Faulty input is pointed out before analysis
begins. From a structural perspective, the program inserts an action boundary condition equivalent
in size and direction to the pretensioning force into the system at the appropriate depth.

Anchors are generally pretensioned at 80% and more of the resulting anchor force. This can be
modelled with sufficient accuracy using a high axial rigidity EA without pretensioning. If you
wish to analyse more precisely, specify the axial rigidity EA according to the selected anchor and
define a pretensioning force. Following analysis, the selected pretensioning force must be exam-
ined against the results. This generally requires an iteration process by the user.

The same applies to struts.

8.24 Modulus of subgrade reaction

According to the EAB (R 11), elastic analysis with subgrade reaction moduli can be employed to
determine internal forces. For this purpose, you can define linearly variable subgrade reaction
modulus curves for the wall toe area, which can vary from area to area, making it possible to re-
produce any subgrade reaction modulus curve you choose. Soil stresses result from analyses with
subgrade reaction moduli, as the product of displacement and subgrade reaction moduli, which
must not be greater than the passive earth pressure permitted at the point under consideration.
Meeting this requirement generally requires iteration, which is performed by GGU-RETAIN.

The subgrade reaction modulus curve is shown on the screen, but only when one of the following
two variations is selected (see Section 8.20):

o fixed section length and bedded toe,

e automatic determination of section length and bedded toe.
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8.25 Excavations and waterfront structures using the p-y method

Generally, retaining walls and waterfront structures are calculated according to Blum's method.

The calculation of dolphins presents a comparable problem. Blum's method can also be used here.
For dolphins, the so-called p-y method is preferred, especially on an international level.

This paper examines whether the use of the p-y method is possible and reasonable for excavations
and waterfront structures.

The p-y method is a non-linear modulus of subgrade reaction method and can be used for pile di-
ameters < 2.5 m. In the literature, p-y curves can be found for non-cohesive soils (without cohe-
sion) and for cohesive soils (without friction angle). The figure below shows a p-y curve for sand.
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Figure 23 p-y curve for sand

The curve describes the magnitude of the earth resistance (p) in front of the pile as a function of
the pile displacement (y).

Sample calculations show good agreement between Blum and p-y method.

Advantage of the p-y method:
¢ Realistic deformations with comparable state variables.
Disadvantages p-y method:

e No curves for soils with friction angle and cohesion.

e No curves for inclined ground.
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8.26 Earth pressure redistribution

Classical earth pressure redistribution is not appropriate for braced or tied-back retaining walls.
Earth pressure calculated according to classical theory must be redistributed. GGU-RETAIN in-
cludes many pre-programmed redistribution figures. In addition, by defining a polygon, the user
can create any redistribution figure. The figures available are given below:

e Rectangle,

e 2 rectangles,

e triangle, maximum at top,

e triangle, maximum at centre,

e ftriangle, maximum at base,

e trapezoid,

¢ rectangle with maximum at anchor locations or at any point,

o user-defined redistribution figure by means of a polygon,

o all EAB redistribution figures,

e EAU 2012.

For normal retaining walls, earth pressure redistribution according to the EAB is probably the
simplest way of finding the correct redistribution figure. If you select this option, you only need to
wait for the analysis to be completed. GGU-RETAIN selects the most appropriate from the 18
available EAB figures (R 69 for soldier pile walls and R 71 for sheet pile or in-situ concrete walls).
If GGU-RETAIN is unable to find a suitable EAB figure because of abnormal anchor or strut po-
sitions, analysis is terminated, and a warning message is issued. You must then give some thought
to selecting or defining your own redistribution figure.

GGU-RETAIN gives you the option of including or excluding area loads in the redistribution.
Water pressure is never redistributed.

GGU-RETAIN User Manual Page 64 of 165 February 2024



8.27 Base heave safety

Safety against base heave (see EAB R 10; Paragraph 1) is demonstrated using a bearing capacity
failure analysis after Weillenbach (Baugruben 111, 1977), which compares weight forces (including
area loads, berms etc.) with the bearing capacity load, whereby a total of 50 vertical failure planes
are investigated. The first failure plane is 0.2 times the excavation depth behind the retaining wall,
the last failure plane is 5.0 times the excavation depth behind the retaining wall. For soldier pile
walls, the bottom edge of the failure plane is the excavation bottom, while for sheet pile and in-situ
concrete walls it is the base of the section.

Analysis of the safety against base heave of heavy foundations in the vicinity of excavations (see
EAB R 10, Paragraph 2) is not performed.

8.28 General stability

The general stability (see EAB, R 10, Para. 3) can be simply verified by exporting the data from
GGU-RETAIN to GGU-STABILITY (GGU slope stability application).

8.29 Hydraulic heave

8.29.1 Hydraulic heave safety using global safety factors

The hydraulic heave safety for each layer below the excavation base is determined via a compari-
son of the soil weights to the flow forces at the respective layer bases.

N ]
Zi:lGi

Ny = S

N

e 1w = hydraulic heave safety of the layer N
e G'i = buoyant self-weight of layer i
e Sy = flow force of layer N

e layer 1 (i = 1) is the uppermost layer

The minimum value of all n is the hydraulic heave safety of the system.
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8.29.2 Utilisation factor (hydraulic heave) using partial safety factors

Using the partial safety factor concept the following must be verified:

! N i
S 7k Szizle'Vg,stb

e S'« = characteristic flow force on the percolated soil mass

e vy = partial factor for the flow force in favourable or unfavourable subsoil in the
HYD limit state

e G'x =characteristic dead load of the buoyant percolated soil mass
e ygstv = partial factor for stabilising permanent actions in the HYD limit state

o layer 1 (i = 1) is the uppermost layer

The so-called utilisation factor 1 can also be calculated from this relationship.

S Vn

ZiNzlGlik ’ }/g,stb

Hy =

ey = utilisation factor of layer N

Utilisation factors < 1.0 mean that sufficient safety is given.
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8.29.3 Analysis of hydraulic heave after Aulbach/Ziegler

In 2013 Aulbach performed extensive investigations and derived a relationship for homogeneous
ground conditions (Aulbach, Benjamin: Hydraulischer Grundbruch - Zur erforderlichen Einbinde-
tiefe bei Baugruben in nichtbindigem Baugrund, dissertation, RWTH Aachen, 2013, URN:
urn:nbn:de:hbz:82-opus-46909). The hydraulic heave safety can thus be directly determined.

The relationship for the three-dimensional case is shown below (abstract from Aulbach & Ziegler
(2013)*):

- )

B

"
u-(u.s-u +l:u.3-_?5-('. el Fr“)jl-('. ~[§-—u.3]-;3.15& —1.564'1-'3} .||
T /

e

=Be-(032-A4+(1244 -032-4)-e"

Wz

) ¥ orer M
¥i - 0,902 4 1,078 1,.f
Equation (6) in Aulbach & Ziegler (2013)* applies for the plane case:

B

i ] i ¥ S .I\ i

T U 054140395 1-2 ]"i-['J
ﬁ:ﬂ,32~ﬁ4 (1,244-0,32-A)e. B ‘ry

The result of the analysis is the necessary embedment depth.

L Aulbach, Benjamin; Ziegler, Martin:

Simplified design of excavation support and shafts for safety against hydraulic heave = Einfache
Bemessung von Baugruben und Schachten im Hinblick auf die Sicherheit gegen hydraulischen
Grundbruch.

In: Geomechnics and Tunnelling 6 (2013), No. 4, p. 362-374, ISSN 1865-7362.
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8.30 Buoyancy

8.30.1 Buoyancy safety using global safety factors

The buoyancy safety for each soil layer within the excavation is determined via a comparison of
the soil weights to the water pressures at the respective layer bases. The self-weight of site plant
and structures, frictional forces etc. are not included.

N
ZizlGi

P

N

N =

e nn = buoyancy safety of layer N
o Gj=self-weight of layer i
e Py =water pressure at base of layer N

o layer 1 (i = 1) is the uppermost layer

The minimum value of all n is the buoyancy safety of the system.

If the same permeability has been defined for the whole system, safety against buoyancy is not de-
termined. In certain cases, for example, when permeability on the passive side is much greater than
on the active side, the calculation of safety factors for hydraulic uplift is meaningless. If, in such,
or similar cases, the message "Buoyancy safety could not be demonstrated" appears, you can
either ignore it or set the "Safety against buoyancy" to 1.0, which suppresses the message.

8.30.2 Utilisation factor (buoyancy) using partial safety factors

Using the partial safety factor concept the following must be verified:

N i
A Vodt = izle,s'rb “ Vg, st

e Ay =the characteristic hydrostatic buoyant force acting on the lower surface of the
complete structure, the soil layer in question or the excavation structure

o vygdst = partial factor for destabilising permanent actions in the UPL limit state
e Gysiy = lower characteristic value of stabilising permanent actions
e ygstv = partial factor for stabilising permanent actions in the UPL limit state

e layer 1 (i = 1) is the uppermost layer
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The so-called utilisation factor 1 can also be calculated from this relationship.

_ Ak' yg,dst
/’lN - N

i
Zizlek,stb * Vgt

e = utilisation factor of layer N

Utilisation factors < 1.0 mean that sufficient safety is given.

8.31 Analysis of sum H

When analysing the stability of soldier pile walls, the active earth pressure beneath the excavation
base may be neglected (see EAB, R 15). However, it must be demonstrated that this neglected ac-
tive pressure can be taken up with a sufficient margin of safety (generally 1.5) by the passive earth
pressure. GGU-RETAIN performs the necessary investigation. It is possible that to comply with
the EAB, R 15 an increase in embedment depth is necessary, which GGU-RETAIN will carry out
automatically. If it is not possible to demonstrate wall stability, you are given advice on how to
proceed according to the EAB.

8.32 Analysis of mobilised passive earth pressure

8.32.1 General note

The equilibrium of vertical forces must be verified in accordance with the EAB, R 9. GGU-
RETAIN provides the necessary geostatic constants.

8.32.2 Analysis of mobilised passive earth pressure using global safety factors

In accordance with the EAB R 9 and WeilRenbach (Geotechnical Engineering Handbook, Volume
3, 2001), two cases must be distinguished:

e Casel
The vertical forces acting downwards are relatively small.

e Case?
The vertical forces acting downwards are greater than the vertical components of passive
earth pressure determined using a negative angle of wall friction.
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In Case 1, WeilRenbach (Geotechnical Engineering Handbook, Volume 3, 2001) gives the follow-
ing relationship:

nv=(Pv+Eav+Cv+G)/Epv
Eav = vertical component of active earth pressure
Cv = vertical component of the counterforce C for toe fixation
G = self-weight of wall

Pv = permanent external loads (including vertical components of anchors)
Epv = vertical component of passive earth pressure

In accordance with the EAB, Cv is always determined as ¥/ - ¢. The EAB gives a safety factor of
1.5.

In Case 2, WeiRRenbach (Geotechnical Engineering Handbook, Volume 3, 2001) gives the follow-
ing relationship:

nv=Qg/(Pv + Eav + G)

Qg = vertical ultimate bearing capacity of the wall or soldier piles
Qg can be determined pursuant to DIN 4026 or DIN 4014.

Further useful information relating to verification of £ V can be found in WeilRenbach (Geotech-
nical Engineering Handbook, Volume 3, 2001).

If the wall toe is bedded, Epv is determined from the positive subgrade reactions and the angle of
wall friction.

8.32.3 Analysis of mobilised passive earth pressure using partial safety factors

Detailed notes on this analysis concept are included in EAU 2012, Section 8.2.5.5, and in the Rec-
ommendations on Piling (2012).

8.33 Analysis of vertical capacity

Detailed notes on this analysis concept are included in EAU 2012, Section 8.2.5.5, and in the Rec-
ommendations on Piling (2012).
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8.34 Analysis of deep-seated stability

According to the EAB, R 44, the deep-seated stability of tied-back excavations must be verified.
This primarily serves to determine the necessary anchor lengths. Verification uses the method de-
scribed by Ranke/Ostermayer (Bautechnik 1968 (Construction Engineering), Issue 10). The exam-
ple given in this article is provided as a file with this program (RANKE-Ostermeyer-d.VRB).
When verifying deep-seated stability each anchor is first investigated (including the influence of
the remaining anchors on the slip plane). Compound slip planes, which are determined by connect-
ing the end points of the anchors involved, are then analysed.

1
|
\“I
¥
;
\ Compound
}’ slip plane

Figure 24 Compound "deep slip planes"

All possible combinations are analysed. For example, when there are four anchors:

o Slip plane passes through anchor end points
l2and1,3and1,4and 1,2,3 and 1,2,4 and 1,3,4 and 1,2,3,4 and 2,3 and 2,4 and 2,3,4 and
3,4.

The only condition is that the next anchor end point is always to the right of and above the preced-
ing one.

El

- . This compound slip plane
is not investigated 1

Figure 25 Compound "deep slip plane", which is not investigated
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These slip planes are not critical. The most unfavourable slip plane associated with each anchor is
displayed on the screen with the corresponding safety factor. A safety factor of 1.5 is generally re-
quired when adopting global safety factors. If this safety factor cannot be achieved or is exceeded
heavily, the program can optimise individual anchor lengths.

Using partial safety factors, the possible anchor force is acquired in complete analogy to global
safety factors but is divided by the passive earth pressure partial safety factor. The deep-seated
stability is deemed as verified if:

Ag,k .79 S Aposs,k /yEp !
where Apess k is determined from the force polygon with permanent loads only, and
Ag,k e +Aq,k e < Aposs,k /7Ep '

where Aposs k is determined from the force polygon with permanent and changeable loads. Where:

o Agk
o Agk

characteristic anchor force from permanent loads

characteristic anchor force from changeable loads

Here, too, optimisation regarding a utilisation factor of 1.0 is possible.

8.35 Heave of anchor soil

Verification of heave of anchor soil is performed like the method described in Section 7.3.4 of the
Piling Handbook 1977.

8.36 Construction phases

If you are investigating several advancing and retreating phases, GGU-RETAIN allows you to
display the results in summarised form. For any selected phase it is possible to display the follow-
ing conditions:

e envelope of moments,

e envelope of shear forces,

¢ envelope of normal forces,

o displacements,

o envelope of reinforcement.

You can skip through the individual phases using the mouse.
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9 Description of menu items

9.1

File menu

9.1.1

"New" menu item

Mew data set

Praoject identification

Standard:

" Partial zafety factars [DIM 1054: 2005)
" Global zafety factor concept [DIN 1054 old)

eneral

I Show excavation on right

Subgrade moduluz unit kM rf -

| Differentiate active + passive soll properties
[ Use anchordstut spacing

Anchar/strut zpacing [m] 2000

Wall inclination

Wall inclination [7] 0.0

Steel design:

* |zing section list

" Using several steel sections o inserted beams
[v Steel design ta EC 3

I Buckling analwsiz limit criterion: N EdMer <= 01
[ Userdefined vield stress fuk [steel pile]

Concrete design:

Iv Mormal force characteristically

Type aof wall:

You can enter a new system using this menu item. You will see the following dialog box:

{* Partial zafety factors [EC 7) Info EC ¥

I Usze absolute heights Desgign. |mHk

ENE

EIEIEEE | E

|i

Soldier pile wall | Sheet pile wall

Bored soldier P k1P wall

|

Bored pile wall | Diaphragm wall
|
|

Comb. sheet P

Cancel |

[ Soldier pile wall with tubular sections
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You can enter a dataset description ("Project identification") of the problem going to process,
which will then be used in the General legend (see Section 9.7.8). This can be particularly useful
when you are working with the menu items "Construction phases/Select files" and "Editor
2/Predeformation preferences". Using these program functions previously saved datasets are ap-
pended to the current dataset. The existing project identifications are also shown in the appropriate
dialog boxes to aid file characterisation.

In the next group box, the radio buttons are used to specify which safety concept to use for analy-
sis and design. Additionally, excavation visualisation to the right can be activated, as well as se-
lecting KN/m2 or MN/m3 as the units for the modulus of subgrade reaction via a drop-down menu.

If you select the "Use absolute heights" check box, you can enter all depths or heights in m AD
(heights are positive upwards). If this check box is not selected, the top of the wall is assumed at
0.0 (height/depth) and all further entries, depth of soil layers, for example, are positive downwards.
If, however, you want to work with absolute heights, enter the appropriate depths correspondingly
altered. Thanks to WYSIWYG there is no danger of using incorrect data since all input is immedi-
ately visible on the screen.

If your system uses differing soil properties on the active and the passive sides, activate the "Dif-
ferentiate active + passive soil properties" check box in the above dialog box. You will then be
presented with different input columns for entering the active and passive friction angle and unit
weight soil properties in the "Editor 1/Soils" menu item (Section 9.2.5). For better visualisation
you can define the soil colours on the active and the passive sides differently using the Soil prop-
erties legend (see Section 9.7.7).

If the "Use anchor/strut spacing™ check box is activated the anchor or strut forces are output in
[KN] and no longer in [KN/m]. Input in terms of EA and EI are also no longer entered per metre.

Below this, a wall inclination between -6° and +6° can be defined. Please read the information dis-
played after pressing the "?" button.

The "Steel design:" group box offers a list of supplied sections (soldier pile sections, sheet pile
sections, etc.) for subsequent design. The section list is loaded automatically when the program
starts. Sections from a variety of well-known manufacturers can be accessed here. Clicking the "?"
button will display further information.

If you activate the "Using several steel sections or inserted beams" check box instead of the sec-
tion list, you can allocate different sections when designing sheet pile walls, soldier pile walls and
combined sheet pile walls in a retaining wall (see Partial Corrosion Example, Section 0). For
bored soldier pile walls, diaphragm walls and bored pile walls, an inserted | beam can be defined
at the top of the wall, which you select from the soldier pile wall section list via the then active
"Editor 2/Inserted beam™ menu item (see Section 9.3.15.7).

Steel design should always follow EC 3.

If the normal force is a compressive force, concrete design using the normal force design value is
not on conservative. If the "Characteristic normal force" check box in the "Concrete design:"
group box is activated, design is performed using the characteristic normal force.

The buttons in the bottom section of the dialog box allow you to select the type of retaining wall
you wish to analyse. Having selected a type of wall and entered all the data necessary for its analy-
sis, you can subsequently return to this menu item and select another type of wall. GGU-RETAIN
maintains the data already entered, which can be used to analyse the new type of wall.
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If the safety concept has been altered using the "File/New" dialog box, the dialog box for specify-
ing either the safety factors or the partial factors always opens after leaving the dialog box by
clicking "OK". These dialog boxes can also be accessed via the menu items "Editor 1/Verifica-
tions/Safety factors" (see Section 9.2.13) or "Editor 1/Verifications/Partial factors" (see Sec-
tion 9.2.14). Verifications and safety factors can be modified at any time using these menu items.

9.1.2 "Load" menu item

You can load a file with system data, which was created and saved at a previous sitting, and then
edit the system.

9.1.3 "Save" menu item

You can save data entered or edited during program use to a file, to have them available at a later
date, or to archive them. The data is saved without prompting with the name of the current file.
Loading again later creates the same presentation as was present at the time of saving.

9.14 "Save as" menu item

You can save data entered during program use to an existing file or to a new file, i.e. using a new
file name. For reasons of clarity, it makes sense to use ".vrb™ as file suffix, as this is the suffix
used in the file requester box for the menu item "File/Load". If you choose not to enter an exten-
sion when saving, ".vrb" will be used automatically.

If the current system has been analysed at the time of saving, the analysis resultsare saved in the
file. This is especially necessary if you want to use the results in this file for predeformations on
other systems (see Section 8.22), or if you want to subsequently generate summaries of certain
construction phases (see Section 8.36). If your current system represents an intermediate con-
struction stage, it may be expedient to enter a further description of the file in "Project identifica-
tion", in the "File/New" or "Editor 1/Analysis options" dialog box (see Section 9.1.1).

9.1.5 "Print output table" menu item

9.151 Selecting the output format
You can have a table printed containing the current analysis results. The results can be sent to the

printer or to a file (e.g. for further editing in a word processor). The output contains all information
on the current state of analysis, including the system data.

You have the option of designing and printing the output table as an annex to your report within
the GGU-RETAIN program. To do this, select "Output as graphics"” from the following options.

Select cutput X

Select output

| Output as graphics |
Output as 4SCIL |

Cancel |

If you prefer to easily print or process the data in a different application, you can send them direct-
ly to the printer or save them to a file using the "Output as ASCII" button.
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9.1.5.2

"Output as graphics" button

If you selected the "Output as graphics"” button in the previous dialog box a further dialog box

opens, in which you can define further preferences for result visualisation.

Graphical table preferences X

Page sizes
Page height [mm] 297 1]
v
Page width [mm] 210.0 v Borders

[ Incorporate graphics

Page marginz [mm]

[+ Page margins

Oukput table marging

Ipper margin [mm] 120
Lower margin [mm] 120
Left marain [rnm] 5.0

Right margin [mnm] A0

Fant

Font gize [mm) 28
Line spacing 1.2

Header

v with headers Edit

Faoter

[v with footers Edit
Save | Load |

(] | Cancel |

|eft: 500 right; 200
Top: 2.00 Bottor: 3.00

In the various group boxes of the dialog box, you can define preferences for the table output and
layout. By activating the "Incorporate graphics" button, a sketch of the system is integrated in
the output table. If you need to add a header or footer (e.g. for page numbering), activate the ap-
propriate check boxes "With headers" and/or "With footers" and click on the "Edit" button. You
can then edit as required in a further dialog box. You can save your settings for the graphical out-
put table presentation in a "Protokoll.pin_ggu" file at the program level so that they are loaded
when the program starts. Using the "Load" button, the output table settings can also be subse-

quently loaded into an existing file, including that of another GGU program.
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Footers

— Height + Font size

Height Foaoters [mm] I 0.0

o
Font zize [rm)] IT v with frame

— Tenxtz
7 Left justified ™ Centered " Right justified

1 I.-’-‘-.nne:-: 4.1 Output table

—— Annex 4.1 Output table
IF'age B/ Page 1 of 3

b I = v R [ U P B ]

Save Load
_ sae | _ load |

# = placeholder for page number; $ = placeholder for number of pages
[e.g. Page # of a total of $ pages]

— Infa

— Offset
Qffzet for page number I 0

Qffzet for number of pages I 0

Canicel |

Automatic pagination can also be employed here if you work with the placeholders as described.
After exiting the dialog boxes using "OK" you will see a further dialog box in which you can se-
lect the parameters to be used in the output table. After confirmation, the dialog box the output ta-
ble is presented on the screen page by page. To navigate between the pages, use the arrow tools

in the toolbar. If you need to jump to a certain page or back to the graphical visualisa-
tion, click on the m tool. You will then see the following box:

Current page = &

Mew page: IE: vI

¥ To nomal view

(] 4 I Cancel |
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9.1.5.3

"Output as ASCII" button

You can have your analysis data sent to the printer, without further work on the layout, or save it
to a file for further processing using a different program, e.g. a word processing application.

Print and export X

Cutput preferences

Edt | load | save |
Fage format | Header footer | {* Partrait
Font zize [ptz]: IE_ " Landzcape
Frint pages

From page no. 1 Offzet for page number:

o page no. lﬁ ID_

Cutput o
Cancel | Printer | File

In the dialog box you can define output preferences.

"Output preferences” group box

Using the "Edit" button the current output preferences can be changed or a different printer
selected. Using the "Save" button, all preferences from this dialog box can be saved to a
file in order to have them available for a later session. If you select "GGU-RETAIN.drk"
as file name and save the file in the program folder (default), the file will be automatically
loaded the next time you start the program.

Using the "Page format" button you can define, amongst other things, the size of the left
margin and the number of lines per page. The "Header/footer" button allows you to enter a
header and footer text for each page. If the "#" symbol appears within the text, the current

page number will be entered during printing (e.g. "Page #"). The text size is given in "Pts".
You can also change between "Portrait" and "Landscape" formats.

"Print pages" group box

If you do not wish pagination to begin with "1" you can add an offset number to the check
box. This offset will be added to the current page number. The output range is defined us-
ing "From page no." "to page no.".

"Output to:" group box

Start output by clicking on "Printer" or "File". The file name can then be selected from or
entered into the box. If you select the "Window" button the results are sent to a separate
window. Further text editing options are available in this window, as well as loading, sav-
ing and printing.
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9.1.6 "Export to GGU-STABILITY" menu item

The general stability can be simply verified by exporting the data from GGU-RETAIN to GGU-
STABILITY (GGU slope stability application). After clicking this menu item an appropriate file
(".boe™) can be generated for GGU-STABILITY. You can export the retaining wall as a structural
element.

9.1.7 "Qutput preferences” menu item

You can edit output preferences (e.g. swap between portrait and landscape) or change the printer in
accordance with WINDOWS conventions.

9.1.8 "Print and export” menu item
You can select your output format in a dialog box. You have the following options:

e "Printer"
allows graphic output of the current screen contents (graphical representation) to the
WINDOWS default printer or to any other printer selected using the menu item
"File/Output preferences". But you may also select a different printer in the following dia-
log box by pressing the "Output prefs./change printer" button.

Print and export X

Page sizes
Cuatput device: Frause lokal [HP Laseret P3010 Seresz)
Cutput device [mm] = = 287 ;v =202
Image [mm] = =4200;p=237.0

Frinter

Cutput prefz. /change printer | Landscape |

Output preferences

Zoom factar: IW Fit to page
Fage overlap = [mm]: IW

Fage overlap v [mm]; IW

Cutput of 4 pages [2 wide)

Frint pages I‘I_ ko |4_

[ Prirt page 1 only

Mo. of copies

|1_ k. I Cancel |

In the upper group box, the maximum dimensions which the printer can accept are given.
Below this, the dimensions of the image to be printed are given. If the image is larger than
the output format of the printer, the image will be printed to several pages (in the above ex-
ample, 4). To facilitate better re-connection of the images, the possibility of entering an
overlap for each page, in x and y direction, is given.
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Alternatively, you also have the possibility of selecting a smaller zoom factor, ensuring
output to one page (“Fit to page" button). Following this, you can enlarge to the original
format on a copying machine, to ensure true scaling. You can also print only the 1st page
with zoom factor = 1.0, in which case the bottom left-hand area is printed. Furthermore,
you may enter the number of copies to be printed.

If you have activated the table representation on the screen, you will see a different dialog
box for output by means of the "File/Print and export" menu item button "Printer".

Print several pages X

FPage sizes

Output device: Snagit 2021
Output device [mm] = =198 ;v =287

Printer

Output prefs. /change prinker | Puartrait

Cutput

Ma. of copies: |1_
First page | i -
Last page | 5 -

[ Print main graphics

Carcel

Here, you can select the table pages to be printed. To achieve output with a zoom factor of
1 (button "Fit in automatically" is deactivated), you must adjust the page format to suit the
size format of the output device. To do this, use the dialog box in "File/Print output table"
button "Output as graphics".

"DXEF file"
allows output of the graphics to a DXF file. DXF is a common file format for transferring
graphics between a variety of applications.

"GGU-CAD file"

allows output of the graphics to a file, to enable further processing with the
GGU-CAD program. Compared to output as a DXF file this has the advantage that no
loss of colour quality occurs during export.

"Clipboard"

The graphics are copied to the WINDOWS clipboard. From there, they can be imported in-
to other WINDOWS programs for further processing, e.g. into a word processor. To import
into any other WINDOWS program, you must generally use the "Edit/Paste™ function of
the respective application.

"Metafile"

allows output of the graphics to a file to be further processed with third party software.
Output is in the standardised EMF format (Enhanced Metafile format). Use of the Metafile
format guarantees the best possible quality when transferring graphics.
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If you select the "Copy/print area" tool from the toolbar, you can copy parts of
the graphics to the clipboard or save them to an EMF file. Alternatively you can send
the marked area directly to your printer (see "Tips and tricks", Section 6.5).

Using the "Mini-CAD" program module you can also import EMF files generated using
other GGU applications into your graphics (see Section 9.7.5).

e "Mini-CAD"
allows export of the graphics to a file to enable importing to different GGU applications
with the Mini-CAD module.

Mini-CAD output x
[ Retain Min-CAD lavers 7 |
i

Iv Output global coordinates

] 4 I Cancel |

If the "Retain Mini-CAD layers" check box is activated, the layer allocations for any ex-
isting Mini-CAD elements are saved. Otherwise, all Mini-CAD elements are saved on
Layer 1 and are also inserted into Layer 1 in other GGU programs via the "Load" function
in the Mini-CAD pop-up menu.

By activating the "Output global coordinates" check box, the present graphics are saved
in the system coordinates [m]. Otherwise, they are saved in the page coordinates [mm]. If
you import the Mini-CAD file saved using "Global coordinates" into a different GGU
program, the coordinates are also transferred. If a system is transferred from GGU-
STABILITY to GGU-2D-SSFLOW, for example, the system coordinates and scale are
corrected compliant with the transferred global coordinates, after importing the file and
pressing the function key [F9] (menu item "Page size + margins/Auto-resize").

e "GGUMIniCAD"
allows export of the graphics to a file to enable processing in the GGUMIiniCAD program.

e "Cancel"
Printing is cancelled.
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9.1.9 "Batch print" menu item

If you would like to print several annexes at once, select this menu item. You will see the follow-
ing dialog box:

Batch print (3)

Frirt | Frinter | Cancel |
sdd | Delete sl | Delete |

File list:

C:AGGU-SoftwarehSostem 1. wib

C:AGGU-SoftwarehSosten 2. vib
C:AGGEU-SoftwaresSestem 3.vib

Create a list of files for printing using "Add" and selecting the desired files. The number of files is
displayed in the dialog box header. Using "Delete" you can mark and delete selected individual
files from the list. After selecting the "Delete all" button, you can compile a new list. Selection of
the desired printer and output preferences is achieved by pressing the "Printer" button.

You then start printing by using the "Print" button. In the dialog box which then appears you can
select further preferences for printer output such as, e.g., the number of copies. These preferences
will be applied to all files in the list.

9.1.10 "Exit" menu item

After a confirmation prompt, you can quit the program.

9.1.11 "1, 2, 3,4" menu items

The "1, 2, 3, 4" menu items show the last four files worked on. By selecting one of these menu
items the listed file will be loaded. If you have saved files in any other folder than the program
folder, you can save yourself the occasionally onerous rummaging through various sub-folders.
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9.2

Editor 1 menu

9.21

9.2.2

"Analysis options" menu item

Using this menu item, you can edit the default preferences of the current system. The dialog box
corresponds to the box in the menu item "File/New" (see descriptions in Section 9.1.1).

"Excavation" menu item

A dialog box opens for defining the excavation and the selected retaining wall.

Excavation

Excavation baze [m] IT
Groundwater [right] [m] IT
Graundwater [left] [m] IT
Distributed load [kM/mé] | 1000

Type of distrbuted load:
|En:|m|:n:|r'|ent abaove 10.0 kM wariable ﬂ

Iv¥" Do not redistribute live loads

Soldier pile wall

Soldier pile width [m] 0.500 ? |
Saldier pile spacing [m] 2.00

Pazzive side
Digtributed load [kM /mé] Q.00

Cancel

In the upper group box, enter the depth of the excavation base and the groundwater levels. If you
checked the "Use absolute heights" box when defining the system, an additional entry, "Top of
wall", appears in the dialog box for specifying the absolute position. In this case, all heights are
measured in m AD or m site zero, i.e. the y-axis is positive upwards. You can then enter a value,
for example, of 86.42 [m AD] in the "Top of wall" field. All further input must then be with refer-
ence to this value.

If the height of a previously defined system is subsequently set to absolute heights, a query follows
after leaving the dialog box above asking for confirmation of whether soil strata and defined ele-
ments such as anchors, for example, should be adapted to the new wall top. Adaptation would
mean that the depth of a soil layer entered as a positive value would be converted from, for exam-
ple, 7.5 m to an absolute height of -7.5 m AD. If, then, you only convert your system to [m AD],
do not select any elements in the query box and press the "OK" button.
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Moreover, a distributed load can be defined. If you are working with the partial safety factors, de-
cide whether the distributed load is "Permanent”, "Changeable" or the "Component above 10.0
kN/m2 changeable” (see the following dialog box). "Component above 10.0 kN/m?2 changeable™
means, for example, that for an input of 13.5 kN/m2, 10 kN/m? are adopted as permanent and 3.5
kN/m2 as changeable in the analysis (see EAB, R 7).

In the group box below this in the dialog box you make the required entries for the retaining wall.
This section of the box varies depending on the type of wall and the chosen safety factor concept.
For instance, to analyse a bored pile wall you may see the following box:

Excavation

Excavation base [m] IT
Groundwater [right] [m] IT
Groundwater [left] [m] IT
Distributed load [kN/m?] | 1000

Twpe of digtributed load:
|Eu:um|:u:unent above 10.0 kM /e wariable j

v Do not redistribute ive loads

Boared pile wall

Bored pile diameter [m] 1.00
Bared pile spacing [m] 250
Mumber of unreinforced piles |2 A 7

Iv¥ Unreinf. piles via gb k+gs.k 7
[~ Additional forces at base of beam 7
Pazzive side

Distributed load [kM/mé] 0.00

Cancel

You can define the diameter, the centres of the reinforced bored piles and the number of unrein-
forced piles (secant pile wall). The above adaptations lead to the following bored pile wall:

Bored pile wall {s=0.50 m}

Figure 26 Dimensions of the bored pile wall

GGU-RETAIN User Manual Page 84 of 165 February 2024



9.2.3 "Berms (active side)" menu item

You can define a maximum of 20 berms on the active side.

Active berms

Daonhe | | | Catizel |
1 bermlz] ta edit |
N left Right delta b Surcharge
0.
[m] [ri] [m] [kM 4]
T |1oo0 | 2000 | 0500 | 000

Live
load

-

Enter the x-ordinates of the toe and head of the berm. With "delta h" you define the height of the
berm; whereby negative values are also permitted. Finally, a "Surcharge” on the horizontal sur-

face behind the head of the berm can be entered.

If more than one berm is present in the system, click "x berm(s) to edit" and enter the number of

berms.

any errors.

Berms may not overlap. The program checks that this condition is adhered to and warns of

9.24 "Berms (passive side)" menu item

Berms on the passive side are defined in the same manner as for the active side.
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9.2.5

"Soils" menu item

You can define the soil properties in the following dialog box:

B sl parameters

Edit mo. of soils Common soils GGU-CONMECT Info gs.k Info qe + cuk
Dezighation Baze gar gar'’ phi ¢ (active) | clpass] | dia)/phi | dip)phi | k [mdz] k. [m#'s] qzk qc ol k

[m] [kMinf] | kN | [ [kMdme] | [kNAE] | [ [1 left right [kMmE] | MM AE] | [N ]

1 |5and 12.00 19.0 100 325 0o 0o 0.667 -0.500 1.00E-4 | 1.00E-4 100.0 10.00 0.00

Cancel | Sort | Load | Save |

Using the "Common soils™ button, you can easily select the soil properties of many common soils
from a database or determine intermediate values. In the dialog box, which you open by pressing
the "Common soils™ button, open the "Soils_english.gng_ggu" file when first starting the program
in English ("Edit table"/"Load" buttons). Then save the data set in the "Soils.gng_ggu" file on the
program level to open your modified database file when the program starts. You can also enter
your own data ("Edit table"/"x soils to edit" button) and save it in the "Soils.gng_ggu" file. You
can also use your adapted file in other GGU programs by means of the "Common soils" function
if you copy the file into the appropriate GGU program folder.

All project data can be entered and managed in the GGU-CONNECT program. If you have al-
ready stored your drilling data as a soil strata model in your project, you can load the soil strata
and soil properties as an xml file using the "GGU-CONNECT" button in the above dialog box.

Layer depths (except when using the modulus of subgrade reaction) are always with reference to
the top of the wall, or are absolute heights (m AD), if this was selected in the initial dialog box of
the "File/New" menu item.

If you have activated the "Differentiate active + passive soil properties” check box in the dialog
box in "File/New" or "Editor 1/Analysis options", you can enter differing friction angles and unit
weights for the active and the passive sides. It is only necessary to enter permeabilities if hydro-
static pressures must be considered, and any hydraulic gradients, using flow conduits (see Sec-
tion 8.7).

In addition, you can enter the soil parameter gs,k (= skin friction). However, this is only relevant if
you want to analyse the pull-out resistance of anchors. Otherwise, it is not taken into consideration
and does not appear in the soil properties legend. If the check box "Verification with gs,k" in the
"Editor 2/Anchors" dialog box is activated (see Section 9.3.7), the soil parameter gs,k is also
shown in the soil properties legend.

To analyse the vertical capacity to EAU, EAB and EAP, enter the cone resistance gc and the shear
strength of the undrained soil cu,k.
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In stratified soils the number of layers must be entered under "Edit no. of soils". Clicking the
"Sort" button sorts the soil layers according to depth; however, this is performed automatically
when you click "OK" to leave the dialog box. This eliminates the possibility of input errors.

You can also use this function to eliminate a soil from the table.
Simply assign the soil to be eliminated a greater layer depth and then click the "Sort" but-

ton. The corresponding soil is now the last soil in the table and can be deleted by reducing
the number of soils.

If you select analysis using the p-y method, you will see an adapted dialog box for entering the soil
properties:

| | Cancel | Done I Common z0ilz |

Sort 1 soils to edit
Save Load ﬂ j
Na. Depth gamma gamma' Ehi cfakt] clpas] diakt)/phi  dlpas)/phi qc cuk eps 50% Type Bactiaettin
[m] [kM/rF] [kM/r?] [ kMo [kN ] 8] 8| BN P kN/nf [ 8]
1 [1zom0 | 1900 | mooo 350 [ooo | ooo | 0es7 | 0667 | 10.00 0.00 | 0.0050 [nicht bindig | fSand

Three types of soil are differentiated:

e non-cohesive
e cohesive soft

e cohesive stiff

An eps(50) value can also be defined for cohesive soils. More detailed explanations can be found
by clicking the "?" button.
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9.2.6

"Type of earth pressure” menu item

In this dialog box you define the type of earth pressure on which the analysis is to be based.

Type of earth pressure

— General

% |ze active earth pressure
i Use at-rest earth pressure

i Use increaszed active earth pressure
Relationghip: [1.0 - factar] - kah + factaor - k0

Factar [-] I 050

— Area loads
% lze active earth prezsure for area loads

i Use at-rest earth pressure for area loads

Factor [-] I .50

i Use increaszed active earth pressure for area loads

Relationzhip: [1.0 - factar] - eactive] + factor - e[at-rest]

Cancel |

W &dapt wall friction for at-rest pressure and increased active earth pressure

The options for area loads can be specified separately.

The lower "Adopt wall friction ..." check box is the default setting. This setting is only required

for analysis of vertical capacity.
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9.2.7

"Active earth pressure" menu item

You can specify active earth pressure preferences using this dialog box:

Active earth pressure X

Active ep according bo:
f+ DIN 4085

" Culmann j

" Userdefined  [not recormmended) j

" Mohr/Coulomb [roat] [not recommended)
Equivalent ep coefficient

[v Usze equivalent ep coefficient

Equivalent kah [-] 0.200

Equivalent ep coefficient above phi - [40° -

< =l

Idze only if cohesion < 0.0

<]

Apply to permanent loads anly

<]

kdirirum ep and distributed load compliant with EAB 2021 R &

<]

Supprezs negative active earth prezsures

Factor for active earth pressure

Factar [-] 1.0000

The active earth preszure and factor will be
multiplied.

Cancel |

?

In the upper group box, you specify the type of active earth pressure calculation. If the "Culmann”
check box is activated the active earth pressure is calculated after Culmann using a slice method

with straight slip surfaces.

The "Use equivalent ep coefficient" check box should only be deactivated in exceptional circum-
stances (see EAB R 4). The equivalent earth pressure coefficient can only be smaller than 0.2 in
special circumstances (see EAB R 4). It only makes sense to deactivate this check box when re-
examining existing analyses (for instance, all the examples used in the Piling Handbook). Alterna-
tively, the equivalent earth pressure coefficient can be defined by means of a friction angle

phi = 40° or phi = 45°. This procedure also takes the defined wall friction angle into consideration.

Several applications on the market also provide the option of a general increase in active earth
pressure, apart from certain forms or earth pressure redistribution. In order to be able to check cal-

culations performed with such an application, GGU-RETAIN also offers this possibility.
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9.2.8

"Passive earth pressure" menu item

You can specify passive earth pressure preferences using this dialog box:

Pazzive ep to

O DIN 4085:2017 7]
(+ DIN 4085:2017 planar slip surfaces ﬂ
" Mohr/Coulamb [root)

" Sheck " CaquotiEersel

" Userdefined  [not recommended) ﬂ
" DIM 40852017 plan. 2 ACaquat/Kenzel j
" Culmann ﬂ

Partial factors

Paszive ep partial factar |T

Pazzive ep partial factor [moment]: IT ﬂ
Paszzive ep calibration factor IW ﬂ
Reduction of cohesion W ﬂ

Cancel

In the upper group box you specify the type of passive earth pressure calculation. If the "Cul-
mann" check box is activated the passive earth pressure is calculated after Culmann. The calcula-
tions use a slice method with straight slip surfaces.

An additional group box is displayed for soldier pile walls and bored soldier pile walls, in which
the spatial effect of the passive earth pressure can be defined:

Three-dimensional effect of paszive ep
f* ‘weilenbach

£ DM 40852017

" DIM 4085:2017 ger. GF

If you have selected partial safety factors, enter the partial factor for passive earth pressure in the
dialog box and the calibration factor in accordance with the information in DIN 1054:2010/EC 7.
The partial factor for passive earth pressure used to calculate the design moment can be reduced
according to EAU 2012 under certain boundary conditions.
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9.2.9 "At-rest earth pressure” menu item

Using the at-rest earth pressure function, the area loads are calculated by increasing by the factor

k0/kah in compliance with DIN 4085 Section 6.4.3.

Alternatively, it is possible to determine the demands placed on the wall by area loads according to
the theory of elastic half-space. The required concentration factor is specified in the following dia-

log box, if the upper check box is activated.

At-rest earth pressure

Handling area loads for at-rest earth pressune
" Area loads using theory of elastic half-space
(* Arealoads by increasing using the factor: k0Akah

Area loads uzing theory of elastic half-space
Concentration Factor far area loads

{ {+

3 far overconzolidated cohesive soilz
‘4" far non-cohesive and non-
overconsolidated cohesive soilz

[ Constant at-rest pressure below lowest anchor

Cancel

]

[ Alzo use user-defined earth prezsure coefficients for at-rest earth pressure

According to the EAB, R 23 (Paragraph 2), for retaining walls with at least two rows of anchors or
struts, at-rest earth pressure can be kept constant from the lowest support. This is effected by se-

lecting the check box at the bottom of the dialog box.
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9.2.10 "User-defined earth pressure coefficients" menu item

If you want to work with user-defined earth pressure coefficients instead of with those computed
by the program you can enter them here. Enter the coefficients for horizontal ground. If necessary,
GGU-RETAIN will convert them for sloping ground using equation values for kano und Kanp (see
"Theoretical principles/Berms", Section 8.8).

User-defined earth pressure coefficients

Foara. | Back | Eancel| Done I Info |

Compute values |
Mao. kagh kach kpah kpch phi [a/p] []

T | 03333 | 11547 | 20000 | 34641 32.5/325

If the "Compute values" button is pressed the earth pressure coefficients can be calculated by the
program in accordance with the required standard and slope angle.

The earth pressure coefficients entered here are only adopted if the "User-defined"” check box is
activated in "Editor 1/Active earth pressure" and/or in "Editor 1/Passive earth pressure™ menu

items (see Sections 9.2.7 and 9.2.8).
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9.2.11 "Groundwater" menu item

With regard to the horizontal water pressure approach, please refer to the explanations in

Section 8.7.

Water pressure approach + hydraulic gradient

Harizantal water preszure approach:
" Clazzical f* with flow conduits

[~ Mo percolation around wall
[ Toe potential to EAL 2004 R 115 j
[ Adopt fow below wall baze

Flaw below wall baze [m] R.000

Ditferential water pressure

v = zetto'0.0if directed to earth side

Congider hodraulic gradients i an:

v Active side [v Paszsive side
Condition: ‘gammalzail] - i - gammalw] >= 0.0°
v Adhere to

Cancel

For homogeneous conditions, the "Toe potential to EAU 2004 R 115" check box can also be acti-

vated.

If the base of the sheet pile does not correspond to the base of the actual percolation (e.g. com-
bined sheet pile wall with infill sheets not driven to the depth of the king pile), a depth may be de-
fined for the base of the percolation below the toe after activating the check box "Adopt flow be-

low wall base".
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9.2.12 "Seismic effects” menu item

Seismic loads are taken into account in accordance with EC 8. In addition to the modification of
the earth pressure coefficients according to EC 8, a horizontal load from a rigid structure or from
the dead weight of the wall can be considered. It is based on the equations from Annex E of

DIN EN 1998-5, December 2010, p. 33 ff.

Seismic effects

Conzideration of seizmic effects
Jze DIM EM 19398-5 Dec. 2010 7
Harizontal loading fram rigid structure ?

<]

Horizontal loading from kh - zelf-weight [wall]

O .

Modify earth prezsure coefficientz [EC 8]

-

badity earth pressure coefficients [EAL 1390]

[npLat
kh = ah/qg [horizontal] [-]: 0.0000 .
ko = awdg [vertical] [-]: 0.0000 .
Partial zafety factor gam.phi' [-]: 1.2500 ?

[ah = harizantal seizmic acceleration in me'ss]
[av = vertical zeizmic acceleration in mds)
[a = aravitational acceleration = 9.81 mss8]

Info
kh =01 == Building damage
kh =02 == Senouz building damage
kh =08 == Devastating
kh =10 ==+ Complete devastation

Cancel
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9.2.13 "Verifications/Safety factors" menu item

If you are analysing with global safety factors to DIN 1054 old, you can specify the verifications
to be performed by the program by activating the corresponding check boxes in the dialog box

shown below.

FOS preferences

[v  Perform "Sumn %" analysis

[v Hydraulic heave: 1.50
v Hydraulic failure after Aulbach/Ziegler

¥ Buoyancy of baze laver(z) 1.10

[v Baze heave safety 1.50

'Deep-zeated stabiliby” 150

FPazzive earth prezsure FOS 1.40

Cancel

Preferences

Then enter the safety factors for the individual verifications. The program's default values in the
box are those required by the EAB. For soldier pile walls, the safety factors for "Hydraulic
heave" and "Buoyancy of base layer(s)" are removed. Then, the verification of "Sum H" can be
activated instead. If you do not want the program to perform one of the verifications, the corre-

sponding check box must be deactivated.
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9.2.14 "Verifications/Partial factors™ menu item

If you are analysing with the partial safety factor concept, you will see a dialog box for defining
the partial factors (here: Soldier pile wall selected).

Verifications/Partial factors preferences

Partial factars
Dresign situation: |DIN EM 1337-1: D5-F
Permanent actions: IW
Permanent actions [water prezsure]; IW ﬂ
Permanent actions [at-rest pressurel; W
Yariable actions: 1.50
Passive ep: W
Pazzive ep [mament]: 1.40

[ Morment resulting from garmmalE pored) with full length

Pazsive ep adjuztment factor

|8
HEENE

Pull-out resistance [piles]

v Always design struts for D5-P

| Increasze anchor force [ep) Factar: 115

Ii

[ Alwaps design anchars for D5-P
"Sum ' analysis
[v Perform 'Sum " analysiz
[ Simplified analyziz for zoldier pile wall
Cw = Ch - tan(factor - phi] Factor [-]: W
v Perform “ertical capacity' analysis [EaL, EAP and EAR)

B

[ Use own empitcal data

v 2019 anmual report [v EAB 201
Analysiz of heave zafety

v Perform analysis gammalbearing capaciy); | 1.40
Default values
ToDIN EN 19971 | To GNORM EN 19571 |

ak. | Cancel

The partial factor for the permanent action because of water pressure can be reduced according to
EAU 2012 under certain boundary conditions. The same applies to the passive earth pressure par-
tial factor used for calculating the design moment.
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In the dialog box you can deactivate verifications that you do not want to carry out. If you have
selected "Soldier pile wall" or "Bored soldier PW" as the retaining wall, a further area appears
for verifying the sum H:

"Sum H' analpsiz

Iv Perform analysis I+ Bh via computed support 2
[v Bh'=Bh-05-UzeCh 7 |
[v Eph,d with adjustreent factar ? |

[ Eph,d with reduction of cohesion

By pressing the "To DIN EN 1997-1" button in the "Default values" group box the partial factors
given in DIN EN 1997-1 or EC 7 for the various load cases can be adopted. The selected design
situation is automatically entered at the top of the dialog box and shown later in the General leg-
end. However, you can also use your own designations. The load case designations were altered
for the EC 7 partial safety factor concept:

e Load Case 1 is now DS-P: Persistent Design Situation
e Load Case 2 is now DS-T: Transient Design Situation

e Load Case 3 is now DS-A: Accidental Design Situation

In addition, there is a seismic design situation (DS-E). In the DS-E design situation all partial fac-
tors ='1,0'"

It is also possible to select the partial safety factors compliant with Austrian standards using the
"To ONORM EN 1997-1" button.
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9.2.15 "Deep-seated stability/Heave of anchor soil" menu item

Use this menu item to define preferences for analysis of deep-seated stability.

Deep-seated stability/heave of anchor soil preferences

[ Use pour own adjustrent Factor

Pazzive earth prezsure adjustment Factor [-];

Deep-zeated stability

Analpzis for increased earth pressure/ at-rest pressure

[ For increased earth pressuredat-rest pressure with active ep

v Use partial factors D5-PAT

wlall friction angle

[ Enter wall Friction angle [equiv. wall] manually

Wiall friction angle / phi [-]: 0.000
Earth prezsure on equivalent wall

v Arealoads rectangular on equivalent wall

Surch. earth preszures on equiv. wall

Eh.g [kMAm]: IW
EhglkN/m: [ o000
EvglkN/m: [ oo
EvglkN/mp [ 000

|nterzection with wall

[ Interzection with wall ‘marually’

Depth of intersection [m]: 5.000

Heawe af anchar zoil

v Perform analysiz

| Earth pressures with mean partial zafety factors

2]
[ 100

Cancel

7]

7]

Verification of heave of anchor soil can be activated in the lower group box of the dialog box. If a
value unequal to '0" is entered for the height of the dead man when entering the anchors and this
check box is activated, verification is performed like the method described in Section 7.3.4 of the
Piling Handbook 1977.
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9.2.16 "Buoyancy + Hydraulic heave" menu item

This menu item opens a dialog box in which you can activate ‘traditional’ hydraulic heave analysis
and analysis of the buoyancy of the excavation base. In addition, the hydraulic heave safety can be
analysed using the Aulbach/Ziegler method (Aulbach, Benjamin; Ziegler, Martin: Simplified de-
sign of excavation support and shafts for safety against hydraulic heave = Einfache Bemessung von
Baugruben und Schéchten im Hinblick auf die Sicherheit gegen hydraulischen Grundbruch. In:
Geomechanics and Tunnelling 6 (2013), No. 4, p. 362-374, ISSN 1865-7362.).

Partial safety factors >

v  Perform 'Hydraulic heave' analysis

[ Hydraulic Failure after Aulbach/Ziegler

[v Perform 'Baze buoyancy' analysis
Wwheight
Favourable permanent actions: 0.95

DS-F: 0.95/D5-T: 0.95/05-4; 0.95/D5-E: 1.00

Buoyancy [pwp]
IInfavaurable permanent actions: 1.05

D5-F: 1.05/05-T: 1.05/D5-4: 1.00/D5-E: 1.00

Huydraulic heave

Flow force:; 1.45 [ |

Fawvourable subzail: DS-P: 1,45 /D5-T: 1,45 /DS5-4: 1,25 /D5-E: 1,00
Untavaurable subsgal: DS-F: 1,90/ DS-T: 1,90 / DS-A: 1.45 /D5-E: 1.00

Default values
ToDIM 105842010 | To OMORM EM 19971

] | Carnicel

If you have activated "Hydraulic failure after Aulbach/Ziegler", you can enter the required sys-
tem data via the "Preferences" button.

If you press the "Info™ button, you will see further information on the subsoil situation (favoura-
ble/unfavourable). In the "Default values™ group box the partial factors for the various load cases
and subsoil conditions given in the DIN 1054:2010 and in the EC 7 can be selected by means of
the dialog box reached by clicking the "To DIN 1054:2010" button.

In addition, it is possible to select the partial safety factors compliant with Austrian standards us-
ing the "To ONORM EN 1997-1" button.
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9.2.17 "Pull-out resistance" menu item

If anchors with activated "Verification with gs,k" check box are employed (see menu item "Edi-
tor 2/Anchors" in Section 9.3.7), the pull-out resistance analysis can be activated via this menu

item.

Pull-out resistance

Analyziz of pull-out resistance
¥ Perform analysis

Anchor zpacing [m] 200

— Pull-out rezistance [piles)
Partial zafety factar 1.10

— Preszentation
v Dizplay
¥ Display earth pressure line

¥ Dimension
Frezentation height [m] 1.00

|:| Colour fill | ¥ Fil

Cancel |

Preferences for the following graphical visualisation can be specified in the lower group box of the

dialog box.

9.2.18 "Common systems" meu item

You can quickly design a system for the shoring wall systems shown in the dialog box. Without
having to work through the various menu items one after the other, you can enter the essential el-
ements such as excavation geometry, groundwater, anchors, soil properties etc. in just one dialog

box.

Common systems

— Which system?
| Default

High water wall

Slopes

Trench zharing

Undenwater concrete base I
Cancel I
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For example, if you want to calculate a default system, select the corresponding button and the fol-

lowing dialog box will appear:

Default system

— Geometry

[T Mimor system after generation

Excavation baze [m]: 3.00
System base [m]: IW
G [active] [m]: 300
Gt [pazaive] [m]: 3.00

— Anchor

¥ Generate anchor

Height [m] [Tom
Length [m]: IT
[nizlination [7): IW

Anchor zpacing [m]: 200

Digtributed load [kM ] 10.00

I—
— Dizgtributed load
I—

— Soil parameters

phi [top] | 325 phi [battom]
c [top] I 05  bottom

[T Calculate with flow conduits

[T System iz embedded

B
50

gam(f] [top] | 19.0 gam(f] (battom) | 20.0
Dezign. [top] IS [gcx10] Dezign. [baottom] ISLI

— Which tppe of wall
ISheet pile wall LI

] I Cancel I

After confirming the entries, the following system is displayed.
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Standard: £C7
Sheet gile wall
AU 14

Active ep aczarding to: DIN 4085
Equivalant en coafficient mit g = 407 (+EB §)
Paszive ap 1: DIN 4085:2017 plan. shp surl.
Degrae of fxity = 1.000
DS:0INEN 1987-1. BS-F

EYEL)

wom 13
Jo= 150

e = 140

elph,

e = = T AT T O T T

G e cun
NI PANIm [kMim]
agq
a

S lge10)
su

You can now start your calculation as usual via " System/Analyse" or [F5] and receive the follow-
ing result, for example:

Standard: £C7
Sheet gile wall

GUaN

EP redis¥igution: EAB 2012 Fig. R70-1.c
Active ep aczarding to: DI 4085
Equivalant en coafficient mit TEBE)
Passive ep 1a: DIN 4085.2017 plan. shg surl.
Degrae of fxity = 1.000

Req. section length = £.43 m

Req. embadment depth = 1.43 m

DS:DINEN 1887-1: 857

Pull aut resistance analysis sueccesshilly achisved])
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9.3 Editor 2 menu

9.3.1 "Lateral pressures" menu item

If, in addition to the diverse possibilities for determining earth pressure on the wall, you also need
to take additional surcharges into consideration, this is where to enter them.

Lateral pressures

Done I Fanw. | Back I Ear‘u:ell

1 lateral pressure(s) to edit | ¥ Do not redistribute live loads

Mo, top [m] botharn [m] ek [top) [kM/mé] ek [bottam] [kM/mE]  Type

1 |1.EIEIEI IE.EIEIEI I 10.00 I 20.00 IF'ermanent ﬂ

The number of lateral pressures can be modified using the "x lateral pressure(s) to edit" button.
Then enter the ordinates in metres from the top of the wall or as absolute heights, and the values
for the lateral pressures.

The lateral pressures can be represented by permanent or variable loads, water pressures or passive
earth pressures. The characteristic values are entered and are automatically multiplied or divided
by the appropriate partial safety factors.
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9.3.2 "Area loads" menu item

Using this menu item, you define area loads and loads with limited plan dimensions.

Area loads
Daone | Fanw. | Back | Cancel | Sart
1 area load(z] o edit | Loadz with limited plan dimenzions |
plwv] plhl w[left] wlright] Depth .
NO kvl kN ] [rn] [rr] Type Live
1 |1000 o000 | 0.000 | 1.000 0000 |Rectangle -l o

The "x area load(s) to edit" button allows you to determine the number of area loads to be con-
sidered. Subsequently you can enter the sizes "p(v)" (= vertical) and "p(h)" (= horizontal), the or-
dinates and the "Depth" of the area loads. You must also enter the "Type" (wall pressure shape) of
the resultant horizontal forces on the wall (see "Theoretical principles”, Section 8.9).

Use the "Loads with limited plan dimensions" button, to define such loads (see also Section
8.10):

Loads with limited plan dimensions

Loads with limited plan dimensions can be reduced
compliant with "Piling Handbook' Figure 4.20 [page B4] or
DIM 4085 201 7-02 (page 17).
“Whereby: plhew] =p- b/Z2 - a+hb]

b = width parallel to wall

Filing Handboak, 1977: a = distance of front of surcharge fram the wall
DIM 4085201 7-08: a = distance of rear of surcharge from the wall

& number > 1 can be advantageous for a long stip load.

pliv] KN/ 1100000
plh) (kM) (0000
wleft] [m] (1000
iright] [m]: 5000
b [m} 0500
Depth [m]: 1.000

Mo, of subgections

-

I|

Type of load: |F|e-:tangle ﬂ

| Delete curment loads

&nalyse compliant with; |DIN 4085:2017-05 j

Cancel
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9.3.3 "Bounded surcharges" menu item

Bounded surcharges are defined in the following dialog box. You are first queried whether the sur-
charges are entered to be on the active or the passive side. The following dialog box opens for ac-

tive side input:

Bounded surcharges

Daone | Fane. | Back | Cancel Sart
1 bounded surcharge(s) to edit | v Do not redistribute live loads
Mo, p :-: Drepth .
(kM) [ ] e
1| 100 | 0.000 | 0000 r

Using "x bounded surcharge(s) to edit" you can determine the number of bounded surcharges.
You can then enter the size of the surcharges, the ordinates and the depth in metres from the top of

the wall or as absolute heights.

Input of bounded surcharges on the passive side is analogous, but without the "Live" check box.
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9.3.4 "Double-bounded surcharges"” menu item

Double-bounded surcharges are defined using this menu item. You are first queried whether the
surcharges are entered to be on the active or the passive side. The following dialog box opens for
active side input:

Double-bounded surcharges

Done | Forw, | Back | Cancel | Sart | Eurlmnzdiameter
0.50 7
Generate triangular load | Loads with limited plan dimenzions |
[ double-bounded surcharge(z] to edit | v Do not redistribute live loads
Mo, plv] wileft] wlright] Depth Live
[EM ] [m] [m] [rn]

The number of surcharges can be edited using the "x double-bounded surcharge(s) to edit" but-
ton. Then enter the size of the surcharges, the ordinates and the depth in metres from the top of the
wall or as absolute heights.

Double-bounded surcharges consist of 2 bounded surcharges with opposing signs. Whether or not
the linear component of the resulting earth pressure (see Figure 15 in Section 8.11) may be adopt-
ed at its full value for the bounded surcharge with the negative sign has not yet been conclusively
clarified. This can be influenced using the control parameter:

e Control parameter = 0.0 =» no linear component
e Control parameter = 1.0 =>» linear component at full value
Input of bounded surcharges on the passive side is analogous, but without the "Live" check box.

There is no linear component for bounded surcharges on the passive side, meaning that a control
parameter is not necessary.
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9.35 "Action boundary conditions" menu item

You can introduce additional action boundary conditions anywhere along the wall.

Point loads

Daone I Fanw. | Back I Caricel

1 point loads to edit I

kMoment iz pozitive clockwize
Harizontal force is positive to the right
Yertical force is positive downwards

Mo Diepth [m] Mg [kM-mim] b.g[kM-mfm] H.g[kMH/m] H.g[kMsm] Vg [kMdm] W.g [kM./m]
1| noo | 000 | 000 | 41800 | 000 | ooo | ooo

The direction of the forces is defined by means of the sign. In the example above a horizontal force
of 15 kN/m has been entered at the top of the wall, acting towards the left. When adopting the par-
tial safety factor concept the forces are subdivided into permanent and changeable forces.

9.3.6 "Displacement boundary conditions" menu item

You can introduce displacement boundary conditions anywhere along the wall.

Displacement boundaries

Fang. Back Cancel I Done I

1 displacement BCs to edit | wi positive to the right
vy positive downvards
phi pozitive clockwize

Mo, Depth [m) Size [m or radians]

1 [ 2o [ 0.00000 Rotationphi |

In the example above a "Rotation phi" of the wall of 0.0 has been entered 2.0 m below the top of
the wall. The "Displ. wx" and "Displ. wy" switches stand for the horizontal and vertical displace-
ments; the direction is defined by means of the sign.
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9.3.7 "Anchors" menu item

Anchors are defined in the dialog box of this menu item.

Anchor
IWI Farw. | Back | Cancel | Load |
1 anchor(z] to edit | Sort | Save |
2 ] ]
Mo, Depth Inzlin,  Length  EA HDM LGR ‘»-"e.rificatiu:un FL TL ]
[m] [l [m] (kM #m] [m] [m] withgsk  [m] [m] [m]
1 | 050  |200 |800 |2100E+7 |000 |5.00 u | £.50 |11.51 | 0.100

It is necessary to enter the following information:

e Depth [m] = position of anchor head

¢ Inclination [°] of anchor

e Length [m] of anchor = starting point of deep-seated stability
o EA [KN/m] = axial stiffness of anchor steel

e H DM [m] = height of deadman (if present)
This value is only necessary for analysis of deep-seated stability.

e L GR [m] = length of grouted section!
This value is of no importance for the analysis itself, but for the graphical visualisation. The
length labelling of the anchor includes half the length of the grouted section.

By activating the "Verification with gs,k" check box instead of "H DM" und "L GR" the follow-
ing data have to be entered:

e FL [m] = free length (top)

e TL [m] = total injection length

e D [m] = diameter

Then, the skin friction values gs,k defined in the menu item "Editor 1/Soils" are used for calcula-
tion (see Section 9.2.5).
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9.3.8 "

Struts” menu item

Struts are defined in this dialog box.

Mo,

1

Done | Fonward | Back | Cancel | Load |
i [ % load az live
1 strutfz] ba edit | Sort | Save |
Depth Inzlin,  Length  EA El W load Hinge Hinge Mo, of
[mn] [] [m] [kM /) [EM-rEdm]  [kMAmefdm]  Left right rods
| 050 |00 |900 |2100E+7 | 2100E+7 |0.00 WV Yes W Yes |10

It is necessary to enter the following information:

Depth [m] = position of the strut head
Inclination [°] of the strut

Length [m] of the strut

EA [KN/m] = axial stiffness of the strut

EI [KN-m2/m] = bending stiffness of the strut
V Load [kN/m2/m] = vertical load on the strut

Hinge (right)
Here you specify whether the strut is hinged or rigidly fixed to the wall.

Hinge (left)

Here you specify the support conditions of the strut on the "opposite side".

If neither hinge option is selected, the following happens:

The strut is then modelled with only half length!! On the left-hand edge of the "half" strut
complete fixation is assumed. The support can be vertically displaced.

No. of rods

If you have defined a vertical load on the strut, you will also get its distribution of mo-
ments. Of course, this only works if the strut is divided into several rods (finite elements,
see Section 8.16). The maximum number of rods that can be specified is 20.
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9.3.9 "Pretensioning” menu item

Personal experience has shown that discussions surrounding the necessity for considering preten-
sioning are never-ending. Independently, the program enables pretensioning for anchors/struts to
be taken into consideration

Pretensioning

Farw. | Back | Cancel | Done |

Depth Pretensioning
[mn] [kM.Amn]

1 0.50 | oo

Anchar ho.

For anchors, pretensioning must be entered as positive. Faulty input is pointed out before analysis
begins. From a structural perspective, the program inserts an action boundary condition equivalent
in size and direction to the pretensioning force into the system at the appropriate depth.

Anchors are generally pretensioned at 80% and more of the resulting anchor force. This can be
modelled with sufficient accuracy using a high axial rigidity EA without pretensioning. If you
wish to analyse more precisely, specify the axial rigidity EA according to the selected anchor and
define a pretensioning force. Following analysis, the selected pretensioning force must be exam-
ined against the results. This generally requires an iteration process by the user.

The same applies to struts.

9.3.10 "Groundwater potentials” menu item

You can define additional potentials anywhere along the wall (see Section 8.7.1.2).

Groundwater potentials

Done | Farw. | Back | Cancel Sort |

& potential(z] to edit | Switch to; Enter water prezsure |
Mo, Depth [m] W alue [m) left/right
1| &000 | 8.000 W Right
2 | eooo | 8.000 ™ Right

In the above example, potentials of 8.0 m have been entered for 6.0 m below the top of the wall on
either side. Additional potentials are only taken into consideration if you selected the water pres-
sure approach using flow conduits (see Section 8.7.1.2).

Instead of potentials in [m] the data may also be entered as water pressures in [KN/m?] after click-
ing "Switch to: Enter water pressure".
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9.3.11 "Subgrade reaction moduli" menu item

If the analysis is to be performed for an elastically bedded wall toe, it is necessary to enter a modu-
lus of subgrade reaction. In this dialog box you can enter the profile of the subgrade reaction mod-

uli.
Subgrade reaction moduli X
Dane | For, | Back | Cancel | Sart | Subgrade modulus unit: kM./é |

2 zubgr. maduluz(i] ta edit | Laock ta layer boundaries | Infa "pfks]" |

Yalues valid fram excavation bagsel

Mo, to depth bz top k= battom k=]
[m] (MM 1] [MM e [
1| 2000 | 0.000 | 10,000 | 0.0000
2 | &ooo | 5.000 | 5000 | 0.0000

The number of subgrade reaction moduli can be adapted to your system using the "x subgr.
modulus(i) to edit" button. It must be noted, however, that in this case the depth data is with ref-
erence to the excavation base and are positive downwards, regardless of the initial setting of the
"Use absolute heights™ check box. You can also have the program take care of the depth input by

activating the "Lock to layer boundaries™ check box. Now, you only need to enter the values for
the modulus of subgrade reaction.

The following modulus of subgrade reaction profile was modelled using the values shown in the
dialog box:

ke =0 kN/m?®

20m ks = 10000 kMfm*®
ks =5000 kMN/m®

ke =5000 kM/m®

Figure 27 Distribution of subgrade reaction moduli

The tangential bedding is given in the "p(ks)" field as a multiple of the horizontal bedding. How-
ever, the factor is generally of little importance, since the wall toe is considered to be vertically
non-displaceable, meaning that deformations in a longitudinal direction, and any associated tan-
gential subgrade reaction moduli, are small.
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9.3.12

"Compaction earth pressure" menu item

The compaction earth pressure to DIN 4085:2017 can be analysed using this menu item. The data
required are described in the DIN and can be entered into the dialog box shown below. Pressing

the "?" buttons, you will see further information.

Compaction earth pressure

Surface loading

Soil properties

Iv Adopt compaction earth pressure

[ Distributed load as suface load

Compaction plane [m] 0.0o

Compaction

*  |ntense compaction " Light compaction
Wand

T Mielding wall '  Mon-yielding wall

YWidth of backfil space [m] 1.00

*  Usze uppermost soil layer properties

" Use uzer-defined ol properties

Friction angle phi.k [*] 3250
gamma,k. [kM /] 19.00

Cancel

]

Two files containing analyses taken from Geotechnische Nachweise nach EC 7 und DIN 1054
(Geotechnical analyses to EC7 and DIN 1054), 3rd edition 2012, by Martin Ziegler, can be found
in the program's example folder. The analyses refer to pages 70 and 72 of the literature references.
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9.3.13 "Predeformation information" menu item

You will see information on predeformations.

9.3.14 "Predeformation preferences" menu item

If predeformations from previous construction phases must be taken into consideration as bounda-
ry conditions (see Section 8.22), the necessary settings are made here.

Predeformation preferences

b anuial entry of predeformations

[~ Consider marually entered predeformations

File entry of predeformations
[v Consider predeformations imparted from file

Fiezult file with predeformations:

Browse and select file name |

v Show predefornations

Cancel

Predeformations can be defined in two different ways:

e Manual entry of predeformations

If you know the size of the predeformations, select "Consider manually entered prede-
formations"”, and then click the "Edit predeformations” button.

Predeformation preferences

Foara. | Back |

Cancel | Dane |

[predeformation positive ta right]

Anchar ho. Depth
[m]
1 0.50

Predefarmation

[r]

| 0.00000

In the dialog box that appears you can enter predeformation for every currently defined an-

chor.
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e File entry of predeformations
Alternatively, predeformation data can be automatically imported from an existing GGU-
RETAIN file. Select "Consider predeformations imported from file" and "Browse and
select file name". A dialog box will open for selecting the appropriate file, which must
have been saved with the results of the analysis; otherwise you will receive an error mes-
sage. The program imports the appropriate data from this file. The file name is then shown
on the button and below this the project identification of the imported file.

You can view the loaded values by clicking "Edit predeformations". If you need to alter
the height of the anchors during further processing, these values will be automatically ad-
justed. This means that whenever you begin an analysis, the selected file will be loaded,
and the values recomputed. You may also want to recompute the current system during a
later session, although the file with the predeformation data has altered in the meantime. In
this case, the new predeformation data will be loaded automatically.

In the bottom section of the dialog box, you can choose whether to have the loaded predeformation
data shown on screen. If you choose to have it shown, the system graphics show the system's
bending line with predeformations.
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9.3.15 "Soldier pile"/"Sections"/"Bored pile wall"/"Diaphragm wall"/
"Bored soldier pile wall"/"Girder"/"Section data"/"Inserted beams" menu items

9.3.15.1 General note

This menu item contains various designations and dialog boxes, depending on the type of wall se-
lected in "File/New" or "Editor 1/Analysis options" and on whether you use the section list or
several steel sections or inserted beams.

9.3.15.2 "Soldier piles" menu item

If you selected the "Soldier pile wall" and "Using section list" check boxes in the "File/New" or
"Editor 1/Analysis options™ menu items, you will see the following dialog box with the currently
loaded list of soldier piles. For this view the "Steel design to EC 3" check box in the "Editor
1/Analysis options™ menu item must be activated.

Soldier piles X

Fona. | Back | Cancel | ’W‘ Load | Save | Sort | Delete | Delete doubles | Simulate comosion | ‘wield on plates|
Go to no.: ’1_ 86 Soldier piles to edit | Motation info | Select zection | Create old record | Create waling
o h b L i ' Wl whpl & | . Available steel qualities
Mo DesEmetan o] fom]  [om]  fow]  om]  lemd] [end]l fenE] [omd] | seelien 5295 5 355 5 460
1 |HEB 100 [1o0 [1o00 [ioo0 [s0 [1z0 [839 [1040 [0 [ w00 My w w 0W
2 |HEB 120 [1z00 [1200 [11o [85 [1z0 [1a40 [1850 [340 [ @ea0 M ves v w W
3 |HEB 140 [1400 [1400 [120 [70 [120 [2160 [2s50 [430 [5090 M Ve ¥ ¥ W
4 |HEB 160 [1600 [1600 [130 [80  [150 [310 [3/40 |83 [0 MYes g ¥ W
5 |HEB 180 [1800 [1800 [140 [85 [150 [420 [4810 [es3 [w30 Myes v ¥ W
6 |HEB 200 [2000 [2000 [150 [30 [0 [5m0 [es30 [781 [ 560 M ves v W W
7 |HEBza20 [2200 [2z200 [160 [35 [180 [7%0 |80 [:10 [s90 MyYsw ¥ W
g |HEB 240 [2400 [2a00 [170 [100 [210 [s0 [10530 [1060 [12m0 M Ye g ¥ W
5 |HEB 260 |2600 [2600 [175  [10.0 [240  [11480 [12830 [1180 [14330 WM Yes @ ¥ W
10 |HEB 280 [2800 [2800 [120 [105 [z40 [13760 [15340 [1310 [13Fon0 M ves W @ W
11 |HEE 300 [a000 [ao00 [190 [0 [zr0 [veren [1ses0 [1490 [5160 M vYes ¥ @ W
12 |HEB 320 [3200 [3000 [205 |15 [0 (19260 [zi4s0 [1g0 [0 M Yes g g W
13 |HEB 340 [3s00 [aoo0 [215 [1z0 [270 [21s60 [z4080 [1710 [366560 M Yee W W
14 |HEB 360 [#600 [ao00 [225 [125 [270 [a4000 [zeeso [1810 [4mimn M Ye w ¥ W
15 |HEB 400 [4000 [a000 [240 [135  [270  [zes40 [3eazo [19e0 [Smeen M ves @ W
16 |HEB 450 [4500 [ao00 [260 [140  [2r0 [3ss10 [3sez0 [zien [7meo MYe g oW
17 |HEB 500 |s000 [3000 280 [145  |27.0  [42870  [ams0 (2390 (1071760 M Yes ¥ v
18 |HEB 550 [s500 [a000 [290 [150  [2r0 [es0 [sseo [zsen [13emio M Ye w W
19 |HEB 600 [eooo [ao00 [0 [155  [270 [0 [eszso [zioo 1040 M Yes B @
20 |HEB E50 |es00 3000 [m0  [160  [2r0 [e4B00 [Faz00 (2860 [2106160 M Yes B W

The following options are available:

e You can navigate through the list using "Forw." and "Back". "Go to no." allows you to
jump to the soldier pile specified.

e "Cancel", "Done"
Exit the dialog box either saving or rejecting your modifications using these buttons.

e "x Soldier piles to edit", "Notation info"
Using this button you may expand or reduce the list of soldier piles. New soldier piles are
added to the end of the list. A description of the abbreviations used to enter the section data
is available via the "Notation info" button.
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e "Load", "Save", "Sort", "Delete", "Delete doubles"
A different soldier pile list can be opened by pressing the "Load" button. It is then possible
to append the new list to an already open soldier pile list. After appending soldier piles, it
may be expedient to delete any double sections in the list by pressing the "Delete doubles"
button. The soldier piles can then be sorted either by moment of inertia or by name by
pressing the "Sort" button. The modified soldier pile list may then be saved to the program
folder as ".tbw_ggu™ file for subsequent analyses by pressing the "Save" button. Any num-
ber of sections in a sequence in the list can be deleted using the "Delete" button.

e "Select section”
A dialog box opens in which you select the required soldier pile for design.

Select soldier pile

Sechon; |1‘I] HEEB 300 Mgl = 1673.0 cné] j

Coreal

e "Simulate corrosion™
You can define the corrosion for any soldier pile, which is then used to calculate the new
section data. The new section data can be allocated to the selected soldier pile, or to a dif-
ferent, existing soldier pile. The data can also be allocated to a new soldier pile, which is
added to the existing list (also see Worked example 2, Section 0).

Use as |New section ﬂ
[ Add atend

e "Weld on plates"
If you need to simulate reinforcement using weld-on plates, click the previous "Simulate
corrosion™ button and enter a negative corrosion.

e "Create old record"
Using this button you can save a record containing the old section tables based on the glob-
al safety factors (".tbw", ".spw").

e "Create waling"
Using this button you can generate a waling data set from the soldier pile section list and
save it to a ".grt" file. This file can be loaded in the "Editor 2/Waling design" menu item
after clicking the "Edit waling" button (see Section 9.3.18).

If Steel design to EC 3 is not activated, the old dialog box opens. A check box in front of the num-
ber of each soldier pile can be activated. This is used to select the respective soldier pile. If you
then press the "Selected section as design section" button, this section is used as the design sec-
tion. The section parameters ("h" = height; "b" = width; "A" = area; "1" = moment of inertia) can
be edited. The program uses | and h to determine the section modulus W during the subsequent
design phase. The variable S is the first moment of area of the section and s is the web thickness.
The value of "S/s" is required for verification of shear stress.
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9.3.15.3 "Sections" menu item

Upon selecting "Sheet pile wall" and "Using section list" you see a dialog box which appears al-
most exactly the same as that for soldier piles. Here, too, the "Steel design to EC 3" check box
must be activated. The sheet pile wall sections can be stored in a ".spw_ggu" file.

If you do not design to EC 3, it is important to note that for sheet pile wall sections the area "A"
must be entered in [cm2/m] and the moment of inertia "1" in [cm*/m]. Also note that the section
values given in the table assume that a shear resistant connection exists between the supplied dou-
ble sections. The variable S is the first moment of area of the section and s is the web thickness.
The "alp" variable is the opening angle of the section. The value of "'S-sin(alp)/s" is required for
verification of shear stress.

If "Combined sheet pile wall" is selected, the sections dialog box is expanded slightly:

Sheet pile walls X

Far. | Back ‘ Cancel | Done I Load | Save | Sart ‘ Delete | Delete doubles | Simulate corrosion | Weld on plates ‘ Create old record |
Go ko ho. ‘ ’1_ 134 Sheet pile walls to edit | Motation info ‘ Select section | Available stoel qualtes

h b bF LE tw alpha  Weel Wl pl iy | {==========5 P s===s=====) <=5 __JOC =
Mo BedreiEn o] ram] ram] [rom] ][] [ewifm]  [orfdm]  [onEdm]  [emddm] Zsechion 5un 530 320 355 390 430 480 235 275 355
1 Jaua [4050 [7s00 [327z [0 [83 [478 [14050 [16630 [1320 [zee800 [ Ve W W W M M T T T
2 [a0te (10 [m00 [s7z [115 [a3 [478 [16000 (16310 (1470 [3=es00 [ Yee W W B M W M I
3 Jauis [410 [me00 [3654 [105 [a1 [s47 [17800 [z08z0 [1500 [39000 [ Yes W W W W MW W I° I I I
4 fanan [4440 [7500 [3e54 [120 [100[547 [20000 [23330 [1e50 [aass0n T Vee w w M M W M I O T
5 [aU23 [4470 [7800 [4060 [130 [35 [5a6 [z700 [28000 [1730 [Sovdo [ Yee W R O R T T
6 fanas [4500 [7500 (4060 [145 [102[536 [26000 [28e60 [1880 [Se200 [ Yee O W W R W I T [
7 [az1zvo0 [z140 [7o00 [3564 [e5 [as [428 [12080 [1#150 [1230 [18@800 M Yes W W W W MW M T I I I
8 [|az1z770 [3440 [700 [310 [e5 [85 [395 [12460 [r4s00 J1200 (2300 M Yee w w M M W W T O T
9 [az 13700 [7150 [Fo00 [+ [35 [a5 [z [13050 [15400 [1350 [28e00 W Ve W R W R F T
10 [sz 137001010 [m60  [7o00 |34 [0 [o04ze [13950 [1e000 [1a00 [2:wo0 WYes oW M W R OW T T
1" [az1370 [440 [700 [0 [s0 [a0 [385 [13000 [15460 [1260 [22%00 WY p w B W R ¥ I T I
12 [AZ 14700 [760 [7000 [3s64 [105 [05[428 [14050 [1ee50 (1460 [221900 M Ves w w M M W W I I
13 [az 14770 [2450 [7Fro0 [0 [35 [a5 [3a5 [13850 [161.0 [1320 [2m000 WY B W B K R & I T I
14 [sz 147700010 [2450 [7ro0 [0 oo [o0[335 14050 [1err0 [1370 [24z00 W Yes oW MO R W T T
15 [az17 [790 [e300 [0 [85 [a5 [564 [16650 [19440 [1380 [218800 W Y p w B W W ¥ I T I I
16 [aZ17-700 [4200 [7o00 [3s28 fos [as [s12 [17a00 [20270 [0 [®2m00 MYee W W W M W W T O T
17 [az1s (3800 [exn0 [0 [a5 [3a5 [+ [18000 (21040 [1500 [32000 W Yes W W B M W M I
18 [az 181010 [0 [e300 [0 [0 [100[554 [18700 [21890 [1570 [3:B00 W e g W M W M W T [
19 [aZ 18700 [4200 [7o00 [3s2e [a0 [a0 [s12 [12000 [zre0 (1m0 (300 M Yes W W M M W W T O
20 [az 16600 [4430 [so00 [4358 [85 [85 [508 [1s¢00 [21350 [1230 [#13200 W Ve W W W W W T T

You can have new sections generated by the program using the "Generate tubular section" but-
ton. The new sections created here can be saved in a ".kom_ggu" file.

9.3.15.4 "Bored pile wall"/"Diaphragm wall"/"Bored soldier pile wall" menu items

If you specified "Bored pile wall" or "Bored soldier pile wall" and "Using section list", a dialog
box opens for entering the "Bored pile diameter".

If you select "Diaphragm wall" and "Using section list" you must enter the "Diaphragm wall
thickness" in a dialog box.

9.3.15.5 "Girder" menu item

If you selected the "CMG wall" and "Using section list" check boxes in the "File/New" or "Edi-
tor 1/Analysis options™ menu items, you will see the dialog box with the currently loaded list of
soldier piles (see Section 9.3.15.2).
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9.3.15.6 "Section data" menu item

For sheet pile walls, soldier pile walls and combined sheet pile walls, you can define several dif-
ferent sections or soldier piles for the wall. This allows partial corrosion of a sheet pile wall to be
modelled, for example (see see Worked example 2, Section 0). In the "File/New" or "Editor
1/Analysis options" menu items, activate the "Using several steel sections or inserted beams™
check box. In the subsequent dialog box, you can select different individual sections for the vari-
ous depths.

Single sections

For, | Back | Cancel | Done I Load | Save | Sart |

2 Single sections to edit |

Mo, Depth [m] D ezignation Steel quality
1 3.000 Al 23440 | |S 240 GP ﬂ
g 16.000 Al 23 | |S 240 GP ﬂ

9.3.15.7 "Inserted beams" menu item

You can define a beam inserted at the top of the wall for a bored soldier pile wall, a diaphragm
wall or a bored pile wall. In the "File/New" or "Editor 1/Analysis options" menu items, activate
the "Using several steel sections or inserted beams" check box. In the subsequent dialogue box,
select the beam to insert from the soldier pile wall section list and define the depth and inserted
beam spacing.

Inserted beam

Depth [m) D ezignation Steel quality
1.000 HEE 300 523 j
|nzerted beam centres [m) 200

Carnicel

9.3.16 "Young's modulus/Specific weight"/"Specific weight" menu items

This menu item opens two different dialog boxes depending on whether you are working with a
section list or with user-defined section data:

e "E modulus/Specific weight"
When working with the section list, you must enter Young's modulus and specific weight
of the wall. From the former the bending line is calculated, from the latter the self-weight of
the wall.

e "Specific weight"
Using user-defined section data Young's modulus is entered in the corresponding dialog
box, so that here it is only necessary to specify the specific weight of the wall.
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9.3.17 "Anchor steel design” menu item

Using this menu item you can specify preferences for designing the anchor steel and carry out the
design for an analysed system by means of the “Anchor steel design" button. If you activate the
"Verify automatically after each analysis" check box, you will be automatically presented with a
query for anchor steel design when analysis is complete.

Anchor steel design X

[ Werify autornatically after each analpsis

Anchar steel selection
{* Find optimum steel

" Design with "5t 15701770 2 Litzen 06"

Anchaor centres [m): 200

Edit anchar steels | Anchor steel design

k. | Cancel |

You can choose to design with a specified anchor steel or to search for the optimum steel from a
list of existing steels.

When using partial safety factors only the anchor centres still need to be defined, as the other data
is taken into consideration via the partial factor for permanent actions resulting from at-rest earth
pressure.

Using the "Edit anchor steels" button you arrive at a dialog box listing the existing anchor steels
with their names and the allowable anchor forces for active and at-rest earth pressures. By marking
the selection check box in front of the desired anchor steel and clicking the "Selected steel as de-
sign steel" button, it can be transferred to the above dialog box. New anchor steels can be added to
the list after clicking "x anchor steel(s) to edit".

The "Anchor steel design" button only appears if the system is already analysed!
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9.3.18 "Waling design" menu item

Using this menu item, you can specify preferences and then carry out the design for an analysed
system by means of the "Waling design" button. The bending and shear verifications of the wal-

ing are then displayed on the screen.

If you activate the "Verify automatically after each analysis" check box, you will be automati-

cally presented with a query for waling design when analysis is complete.

Waling design

[ “erfy automatically after each analpsis

Select waling
* Find optimurm waling

" Design with ][ 300°

Anchar centres a [m]: 2.00

Yield point [kMAomré]: 2380

gammalsteel] [-] 1.00

' aling is: ¢ parallel to anchaor

[v with shear design

Moment loading with: |Single load [M=[q a) a/d]

" perpendicular to wall

E dit waling | “Waling design

Cancel

You can choose to design with a specified waling or to search for the optimum waling from a list
of existing waling. When using partial factors, you must enter the "Yield point" and "gam-
ma(steel)", and the allowable stresses for the global factors. Moreover, you must also enter the
"Anchor centres" and select the type of "Moment loading" on which the design is based. Finally,
you can specify whether the waling runs parallel to the anchor or perpendicular to the wall.
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parallel to anchor perpendicular to wall

o g g g s g g g g

| S [
N

Figure 28 Walings

The "Edit waling" button opens a dialog box with a list of walings showing their names, section
moduli and the values of "S/s" (first moment of area and web thickness) required for shear design.
Here, you can select a waling and use it as the design waling using the button "Selected waling as
design waling”. New waling can be entered by clicking "x waling(s) to edit" and specifying a new
number. With the buttons "Load" and "Save" you can access files with waling lists.

The button "Waling design™ only appears if your system has already been calculated!
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9.4 System menu

9.4.1 "Info" menu item

You will see information on the current system in a message box.

9.4.2 "Special preferences" menu item

The program performs a multitude of plausibility checks s. After starting the analysis the prefer-
ences specified by the user are displayed in a message box; for problematical preferences separate
information or warning are displayed. It is therefore recommended to leave the "Show warnings
in future" check box activated. If you do not want to see the automatic display when the analysis
starts, deactivate the check box. You can subsequently view your special preferences using this
menu item.

9.4.3 "Depth subdivisions" menu item

GGU-RETAIN uses the finite element method, which requires the system to be divided into a
number of finite elements (rods) (see Section 8.16). You can specify the size of these depth incre-
ments for the region above and below the excavation base.

Depth subdivisions >

The program emplays FER methodz to calculate earth
prezsures, deflections and streszes at certain intervals,
bt alwayps at layer boundaries, anchor points, etc.
Depth increments can be specified by the uger.

Small depth increments give improved accuracy

at the cost af langer analyziz times.

Large depth increments result in less precision,

but reduced analysiz duration.

Depth increments to exc. base [m): 0.050
Depth increments below exc. base [m]: | 0.050

k., | Cancel |
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9.4.4

"Length surcharge" menu item

Length surcharge for ficity

Determine length surcharge dx for
partial ar full fisity

Length zurcharge with % walue

dt = length zurcharge [%] - [depth + embedment]
Length surcharge [%] generally 205

{7 Use length surcharge with % value

Length surcharge [%]: 20.0

Length surcharge via equation
dt = Ch / ephlphi. deltap)
deltap/phi generally 0333  C = automatic equiy. force

{¢ Calculate length surcharge via equation
deltap/phi [-1 (0333

I Earth pressure coefficients after Shreck

[ Determine phi at level of theoretical boe

[v  Mirirmumn value nach EaAL 2012 8.2.9 Adopt

Iv Consider active berms j

] | Cancel |

Here you can specify the way in which length surcharge is calculated for full or partial wall fixity
(see Section 8.15).
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9.4.5

9.45.1

"Analyse" menu item

Start dialog box

Once you have entered all data required to fully describe the system it can be analysed. After go-
ing to the "System/Analyse™" menu item a start dialog box, divided into three group boxes, opens
(see Sections 9.4.5.2 to 9.4.5.4 for descriptions). You can also initiate the analysis using the [F5]
function key and see the same start dialog box. The available options and check boxes vary de-
pending on the analysis principles adopted. At the bottom right of the dialog box a button can be
seen labelled with the currently selected design section. If you select this button you can view and
edit the current values for the design section.

Analyse sheet pile wall *

Embedment depth via:
Toe iz bedded
Section length will be determined

v ertical support at wall toe

[ Reduce subgrade with gammalEp)

[ Analysiz of Bhod <= Eph.d to the wall toe
[ Subgrade o R 102

At-rest ep level:

0.00

Select method |

Special preferences
[ Redistibute ep to toe

Buckling analyziz DIN EMN 1333-1-1
[ 2nd order theary

Fre-cureature: 1 /1580 j
r El

-

Cancel

0 )

Twpe of redistribution
{* Do not redistribute

EAR 1383
EAR 2012
Rectangular
Birectangular
Triangular
Trapezoidal
Cuadrilateral
ser-defined

Eal 202

i R B B B T B B B

1]

Section: 4 14 |

When all the options are selected as you require, you can start the analysis by clicking "OK". Ini-
tially, GGU-RETAIN carries out a comprehensive plausibility check of the data you have entered
and informs you of any inconsistencies. The system is then analysed. Information relating to the
current stage of the analysis is displayed in the title bar. The analysis process can be terminated at
any time (perhaps because you want to alter one of the parameters) by clicking the right mouse

button.

GGU-RETAIN User Manual

Page 124 of 165

February 2024



Once the analysis is complete the design can follow by clicking "Yes" in the prompt. The design
phase is more closely described in Section 9.4.6 ("'System/Design defaults"). If "No" is now
clicked or following completion of design, the results are presented in message boxes and then
visualised graphically on the screen. The system data can be saved in a file, together with the re-
sults (menu item "File/Save as", Section 9.1.4). If an intermediate state is involved, it may be use-
ful to enter further explanations for the data record in addition to the file name in "Project identi-
fication" in the dialog box of the menu item "Editor 1/Analysis options" or "File/New" (see Sec-
tion 9.1.1).

9.45.2 "Embedment depth via:" group box

In the "Embedment depth via" group box of the start dialog box of the "System/Analyse"” menu
item you can define the method of calculation for the embedment depth. If you prefer to use an-
other than the default method to determine the embedment depth, use the "Select method" button.
The following dialog box opens:

Determine section length with: X

Blum's methad

* Determine section length

" Fixed zection length

Subgrade reaction mod. method

" Fixed sechon length

" Determine section length

p-y method
" Fixed zection length

" Determine section length

Cancel

If you select one of the options using fixed section lengths "Fixed section length" appears in the
start dialog box instead of the degree of fixity; you must enter the value, you require.

You can choose between Blum's method or the subgrade reaction modulus method for the calcula-
tion. For soldier pile walls and bored soldier pile walls you also have the option of calculating ac-
cording to the p-y method.

Where a bedded toe is used, the subgrade reaction can be reduced using the partial factor gam-
ma(Ep) by activating the check box. The reduction can be made using characteristic values to DIN
1054, GL. (47) and (48). If the "Reduce subgrade with gamma(Ep)" check box is not activated,
the subgrade reaction can be taken into consideration in accordance with the EAB, R 102.
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Embedment depth via:
Toe iz bedded
Section length will be determined

v “ertical support at wall toe j
[ Reduce subgrade with gammalE p) ﬂ
[ Analysiz of Bhod <= Eph.d to the wall toe ﬂ
[~ Subgrade to R 102 ]
Atrest ep level: 0.00

I+ Subgrade on continuous wal j

Select methad |

Using soldier pile walls or bored soldier pile walls the "Subgrade on continuous wall* check box
appears additionally. If the check box is deactivated, the subgrade will be adopted for the girder
width.

9.453 "Special preferences" group box

In the "Special preferences” group box of the start dialog box of the "System/Analyse" menu
item you can specify whether any area loads should be included in an earth pressure redistribu-
tion. You may "Redistribute ep to toe™ and not, as is usual, to the load transition point.

Retaining walls subject to buckling hazards can be analysed using "2nd order theory". A system
pre-curvature, which can be adopted at 1/150, must be defined for buckling analysis to

DIN EN 1993-5 or DIN EN 1993-1-1. The direction of pre-curvature must also be defined (to the
ground side or the atmosphere side). Whether a pre-curvature towards the ground side or the at-
mosphere side provides the more unfavourable design values is system-dependent: it is therefore
absolutely vital that both directions are investigated in a buckling analysis (see "Theoretical prin-
ciples/2nd order theory", Section 8.18).

9.45.4 "Type of redistribution™ group box

In the "Type of redistribution™ group box of the start dialog box of the "System/Analyse" menu
item the following options are available:

e "Do not redistribute”
The analysis is performed using classical earth pressure redistribution.

e "EAB 1988"and "EAB 2012"
For soldier pile walls and sheet pile walls (in-situ concrete walls), the EAB 1988 and
EAB 2012 provide redistribution figures, depending on the location of anchors. GGU-
RETAIN will automatically choose the appropriate figure. If no suitable figure is found, an
error message will appear.

e "Rectangular”
Earth pressure is redistributed in the shape of a rectangle.
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e "Birectangular"
Earth pressure is redistributed in birectangular shape. The relationship between the top and
bottom earth pressure ordinates (eaho/eahu), as well as depth of the subdivision x, can be
specified.

eaho

eahu

Figure 29 Birectangular earth pressure redistribution

e "Triangular”
Earth pressure is redistributed in the shape of a triangle. The associated "Preferences"” but-
ton enables you to determine the position of the maximum (top, central, bottom).

e "Trapezoidal”
Earth pressure is redistributed in the shape of a trapezoidal. The associated "Preferences"
button enables you to determine the eahu/eaho ratio.

eaho

eahu

Figure 30 Earth pressure redistribution in a trapezoidal
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e "Quadrilateral"
The earth pressure is redistributed in a quadrilateral. After clicking the "Preferences” but-
ton you can select the ordinates at which the maximum should occur, either by entering the
depth or, alternatively, the anchor positions. Activate the appropriate check boxes at the left
of the dialog box. The ordinate at the load transition point is defined by the ratio eaho/eahu.

eaho

eahu

Figure 31 Earth pressure redistribution in a quadrilateral
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e "User-defined"

If none of the offered redistribution figures meet your requirements, you have the option of
creating your own by defining a polygon.

User-defined ep redistribution X
Done | Farw. | Back | Canicel |
E pointfz] to edit | Sart

Ma.  Depth[m] eah’ [-]

—_

Wall tbop 1.0000

| 10000 3.0000
| 30000 3.0000
| 45000 £.0000
| BEOO0 £.0000

Excavation baze 2.0000

L T e IR U 5 T 8

CEEEEE

You can define a number of depths between the top of the wall and the excavation base, to
each of which you can appoint appropriate earth pressure ordinates. In subsequent computa-
tions, earth pressure will be redistributed in exactly the area defined by the polygon you
have created. Using the example in the above dialog box the following diagram is obtained:

T

— v
4{

0 2

Figure 32 User-defined earth pressure redistribution

e "EAU 2012"

The earth pressure is redistributed in accordance with EAU 2012. After clicking on the
"Preferences" button you can differentiate between an excavated or a backfilled wall.
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9.4.6 "Design defaults” menu item

Once the current system has been analysed you can progress directly to the retaining wall design
(see menu item "System/Analyse", Section 9.4.5.1). In addition, using this menu item, you can
also carry out subsequent design for a different section to that used for the analysis.

The program reacts differently depending on the type of retaining wall (soldier pile wall, sheet pile
wall or in-situ concrete wall). For soldier pile walls, for example, you will see the following dialog
box:

Design how?

£+ Find optimum section

" Design with HEE 200 or chooze

Cancel |

If you would prefer to have the program search for the optimum section, select the upper radio but-
ton and the following dialog box opens:

Find optimum section

— Section zelection

Optirmurn section iz a & | beam " Double U beam

¥ PReduce il stress for Class 4

¥ Search criterion: "Find smallest section area"

— Steel zelechon

Steel qualty: 523 =

— Actionz
Dezign situation bl . b bdaw. O b aw. M
Foment b Ed [kM-ri]: | 1933 | 0.0 I 955
Shear force W.Ed [kN] | 4.2 | 127.4 | 823
Mormal force M.Ed [kN] | 628 | 225 | 121z
Buckling length L [m] E | B3 I

— Partial factars

qgam, k0 [-]: IT
gam. 1 []: I 1.10

¥ Design cross-sections Clazs 1 or 2 plastically

¥  Perform buckling analysis

Caticel |
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71 zections investigated.

— Best rezultz for the first 10 Sections [zorted by A]

HEA 250 [ = 0.634] [& = 56.5 cnf)
HEE 220 [ = 0.995] (& = 91.0 cné)

HEA 280 [ = 0.740] [& = 97.3 cnf)

HEE 240 [ = 0.781) [& = 106.0 cnf)
HEA 300 [ = 0.595) (& = 113.0 cné)
HEM 180 [p = 0,932 & = 113.0 cr)
HEE 250 [ = 0.641] [& = 115.0 cn#]

— Optimurm section;
HEA 260
Itilization factor p = 0.894

Area b = 868 cnf

Governing design situation max M.gg

Section "HEA 260" accept?

Cancel |

The search result is displayed in another dialog box. If you want to adopt the optimum section
proposed by the program, click "OK".

Following this the analysis results are displayed in a message box. If you selected the proposed
optimum soldier pile, you should adapt the soldier pile width to suit the section in your system by
pressing the "Use" button. Subsequent reanalysis is recommended. The infill walling for soldier

pile walls can then be designed.

Infill design

— General

= Design timber infil

" Design concrete infil

Feduction eah [F 47): I 1.000

— Timber infil
gigmalr.d] [kN/orf]: 1.85

— Concrete infil

I Analysiz with concrete qualities

|Concrete C 20425 |

f.od [kM /] | 9444 4
Thicknesz of infill [m]: I 0,200

k. I Cancel |
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The program then searches for the maximum active earth pressure ordinate, max eah, determines
the maximum moment for the infill from

(max eah) - (soldier pile centres)?/ 8

and calculates the required thickness of the infill elements using the allowable stress. Alternative-
ly, to timber infill, concrete infill can also be designed.

When design is complete you are informed of the verification results in an information box and are
presented with the principal data on which the design was based. After confirming with "OK", the
state variables and the system are presented on the screen.

9.4.7 "Graph positioning preferences" menu item

If you are not happy with the automatic graph arrangement you can arrange them to suit your
needs using this menu item. First, activate the "Manual graph positioning™ radio button.

Graph positicning preferences X

" Automatic graph positioning
* tanual graph positioning

b anual graph positions

[araph name ¥ [m] Width [m]
W aker pressure, | 0.0o | 2.00
E arth pressure | .00 | 200
toment | 10.00 | 200
Shear force |15.EIEI | 2.00
Mormnal force |2IZI_EIEI | 2.00
Dizplacemert |25_|JE| | 200
Subgrade react, rmod. | 20.00 | 200
Lateral pressures |-5_EIEI | 2.00

] | Cancel |

The graphs will then be shown central at the position "x" with the specified "Width".

The fastest way to modify the position of a graph is to press the [F11] function key and
then to pull the graph to the new position holding the left mouse button pressed.
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9.4.8 "Graphics output preferences" menu item

Among other things, the screen graphics consist of several graphs, presenting depth-oriented re-
sults. This menu item opens a dialog box which allows you to visualise the selected state variables

on the screen by activating the corresponding check boxes.

Graphics output preferences >

Whater presentation

" Mare ¢ Diff. water pressune Show spstern
" Pw pressure " Show results
£ Gradient [ Ep+pw Cancel

E arth prezsure and state vaniable hatching
[~ Fixed spacing Spacing [mm] = 2.0

Prezentation interal forces ete.

'with ep -l

v Dizplacement v SR moduls

v Deep-zeated stability W Lateral pressures

Dizplay [earth prezsure]:

v Morment v Shear force v Mormal force

[ d W [g+qlk [ gk [ qk
Dizplay [ztate vanables):

[ d [ gd W [g+qlk | gk [ gk
Dizplay [dizsplacement]:

[ d [ gd W [g+qlk [ gk [ qk

[ Same height for all Prezentation height [loadz] [m]: W

Load 'hatching': | Hatched ﬂ

Hatzh spacing [mm]: IT

Excess passivesactive earth pressure [ W

State wariable for stut: |M|:ument j

vk

vk

On the whole, the dialog box is self-explanatory. When "ep + pw" is selected, the sum of earth
pressure and water pressure (pw) is displayed in the diagram for earth pressure. If a system has
been analysed using 2" order theory with buckling analysis to DIN EN 1993-1-1 activated, either
the "Displacement"” or the "Pre-curvature" can be selected for display in the result graphics in
the dialog box shown above. Any adopted pre-curvature will always be given in the output table.

When analysing using partial safety factors you will also see the group boxes "Display (earth
pressure):", "Display (state variables):" and "Display (displacement):", in which you can acti-
vate display of the permanent (g) and/or live loads (). In addition, the design values (d) can be

displayed.
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You can also specify hatching and the presentation height of loads. If the "Same height for all
check box is not selected, load visualisation is based on load size, the height of the presentation

indicating the maximum load.

Leave the dialog box by pressing "Show system". If the system has already been analysed, you
can leave the box by pressing "Show results™ and then view the result graphics on the screen.

When you are working with a particular construction phase the following dialog box appears:

Show constr. phases

State variable prezentation
Iv Dizplacemeant v Moment

v Shear force v Marmal force

Cancel
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9.4.9 "Labelling preferences" menu item

This menu item allows you to specify labelling preferences for the system visualisation and the
result graphics.

Labelling preferences

| Label active berms v Show slope of active berms
| Label passive berms Iv Show slope of passive berms
[ Bermn gradient in degrees

[ Show waling v  Show anchor steels

[ Label loads [v  Shaow anchaor lengthdnclination

Iv Show loads [area of influence]

| Show berms [area of influence]

I Show zlip surface angle

Diztributed load labelling: |Eentre ﬂ

Anchor labelling: |Hight ﬂ

Section labelling: |Eentre left j

Groundwater labelling [left); |Left j

Groundwater labeling [Right]: |Hight j

“Width of grouted zection [m]; IW

Mo. of decimal places [displacement] m

Labelling [anchars/stmits] [g+alk -

State variable labelling: * Loose (" lrtensive
(o0

Cancel

In the dialog box, you activate the required check boxes and select the preferences for alignment or
font sizes. In addition, groundwater labelling and the width of the graphical visualisation of any
grouted section can be edited.

9.4.10 "Graph grid preferences" menu item

You can define graph grids for moments, shear forces and normal forces.
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9.4.11 "Dimension lines" menu item

You can define a vertical and/or horizontal dimension line for the graphics in order to emphasise
and clarify the system dimensions. If the dimension lines are displayed on the screen, the follow-
ing dialog box can also be accessed directly by double-clicking the dimension line.

Harizontal dimension line
[ Dizplay Decim. places: |2_

Fant zize [mm]: | a0
y pogition [m]; |-1 a0
YWertical dimensian line

[v Display Cecim. places: |2_

Font zize [mm]: | 210
w pozition [m]: |-1 .0a

Cancel

The distance to the retaining wall is defined by means of the "y position" for the horizontal dimen-
sion line and "x position" for the vertical dimension line. Negative values define a position above
or to the left of the retaining wall. All values are in metres in the scale selected (see the menu item
"Page size + margins/Manual resize (editor)" in Section 9.8.3).

The fastest way to modify the position of a dimension line is to press the [F11] function
key and then to pull the dimension line to the new position with the left mouse button
pressed.

9.4.12 "Display system" menu item

Once a system has been analysed, all the state variables are automatically shown on screen. So as
not to overburden the screen, certain elements of the system (for example, surcharges) are no long-
er shown. If you want to view all the system data without state variables, clicking this menu item
will enable you to do so.

9.4.13 "Display results" menu item

After a system has been analysed, all state variables are automatically presented on the screen. If
you used the menu item "System/Display system" to return to the system visualisation, you can

go to this menu item to return to the result presentation without renewed analysis. Of course, this
only works if the system has already been analysed.
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9.5 Evaluation menu

95.1 General note
All the following information regarding the analysis results can be sent to the printer or to a file by
going to the menu items "File/Print and export" or "File/Print output table". However, it is al-

ways more desirable to be able to check over the analysis results without wasting a lot of paper.
The following menu items were included in the program for just this reason.

9.5.2 "Earth pressure redistribution” menu item
Here you are provided with information relating to earth pressure redistribution. This can be par-

ticularly interesting if you have calculated according to the EAB, in which case it is probably a
good idea to have a copy of the EAB at hand.

9.5.3 "Main output summary"” menu item

A message box appears containing the main system analysis parameters. This function can also be
initialized pressing the [F6] function key.

You are also informed that double-clicking the left mouse button (after you have closed the mes-
sage box) on any part of the graphics will cause the corresponding state variables to be shown on
screen.

954 "Maximum reaction summary" menu item

You will see the maximum values for all state variables displayed in a message box.

9.5.5 "Anchor and strut summary" menu item

Here the design values for all the system's anchors and struts are shown in a message box.
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9.5.6 "Deep-seated stability summary" menu item

After the state variables have been calculated by the program, and depending on the safety factor
concept selected, the deep-seated stability safety factor or the utilisation factor of any anchors is
automatically determined.

Deep-seated stability factors of safety

k. | Fanw. Back

Starting point of #lip plane in wall area = 6.90 m

Ahlg.d] = &hjo.k] ¥ gammalG] and  Ahlg+glk = Ak(gk] ® gammalG] + Ahlgk] * gammalll]
poss Ahlg.d] = pozs &hlo.k] # gammalEp] and poss Ak(g+q).d = pogs Ahlg+g).k ¢ gammalE p]
i = utilization factor <= 1.0

Mo, Depth Length  Ahlg+g)d poszdhlg+gld  muelg+g]  Ahlgld poszdhigld  muelg)
[m] [m] [kM/m]  [kMNAm] [] [kM/m]  [kM/m] []

1 0.00 10.00 57.9 11390 0.487 579 1180 0.487 Optimize

In addition to the information about the anchors, the critical utilisation factor for deep-seated sta-
bility for each anchor is given. In the example shown here, the anchor has an utilisation factor 0.48
which is below the required value of 1.0. Select the "Optimise" button to optimise the length of
the anchor.

Optimise ancher length

Anchar length increment [m]; ||:|_|:|5|:|

tin. anchor length [m]: | 5.000
b aw. anchor length [m]: |35.EIEIEI
Current anchor length = 10.00

v Search completely

Optirization can be stopped during analysiz
by preszing the right mouse buttan.

Cancel

By activating the button "Search completely" the optimum is searched for between the minimum
and the maximum anchor length (recommended setting!). Otherwise, an optimum is searched for
based on the current neighbouring anchor lengths. Because interaction occurs between anchors if
more than one anchor is involved, it is possible for other anchors to fall below the required safety
factor during the optimisation. These anchors must then be subsequently optimised.

GGU-RETAIN User Manual Page 138 of 165 February 2024



9.5.7 "Sum V FOS summary" menu item

Here you obtain all data relating to analysis of sum V displayed in a message box (see Sec-
tion 8.32).

9.5.8 "Sum H FOS summary" menu item

When working on a soldier pile wall, this is where you obtain all data relating to analysis of sum H
displayed in a message box (see Section 8.31).

9.5.9 "Hydraulic heave FOS summary" menu item

When working with sheet pile walls (in-situ concrete walls) you obtain all data relating to analysis
of hydraulic heave safety displayed in a message box (also see Section 8.29).

9.5.10 "Buoyancy FOS summary" menu item
When working on sheet pile walls (in-situ concrete walls), you obtain all data relating to analysis
of the buoyancy safety displayed in a message box (see Section 8.30).

9.5.11 "Heave of anchor soil" menu item
If a value unequal to '0" is entered for the height of the dead man when entering the anchors in the
dialog box associated with the "Editor 2/Anchors™ menu item (see Section 9.3.7), the program

performs verification of anchor soil heave similar to the method described in Section 7.3.4 of the
Piling Manual.

This menu item displays the results in a message box. Verification must be activated, of course,
(see menu item "Editor 1/Deep-seated stability/heave of anchor soil", Section 9.2.15).

9.5.12 "Heave FOS summary" menu item
When analysing the system using global safety factors the base heave safety factor is determined
automatically (also see Section 8.27). If this cannot be verified, you will see a corresponding warn-

ing even before analysis is complete. Otherwise, you can query the safety factor using this menu
item.

9.5.13 "Verification of pull-out resistance" menu item
If analysis was performed using anchors with activated "Verification with gs,k" check box and

verification is activated in the "Editor 1/Pull-out resistance" menu item (see Section 9.2.17), this
menu item displays the analysis results in a message box.

9.5.14 "Earth support analysis" menu item

Using this menu item, all results of earth support analysis will be displayed in a message box.
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9.5.15 "Grouting points analysis" menu item
When working on sheet pile walls, you can use this menu item to verify the grouting points. After

entering the number of grouting points per metre and specifying Rd [kN/grouting point], the re-
sults are displayed in a message box.

9.5.16 "Welding lengths analysis" menu item

When working on sheet pile walls, you can verify the welding lengths using this menu item. After
selecting the steel and entering the weld thickness, the results are displayed in an inbox.

9.6 Construction phases menu

9.6.1 General notes

When the system you are working on consists of several construction phases, each phase must ini-
tially be calculated separately, and the results saved in corresponding files (see Section 9.1.4).
Subsequently, from this menu, you can combine the different file contents. The following graphics
can be created:

¢ envelope of moments;

o envelope of shear forces;

o envelope of normal forces;

o displacements;

o envelope of reinforcement.

The resulting graphic is displayed in the current system. The "Construction phases™ menu will
only work with the results from the files compiled using this menu.

For diaphragm walls, bored pile walls and bored soldier pile walls, please note:

Construction phase files created using program versions older than GGU-RETAIN 10.20
must first be opened and then saved again in the new program versions from 10.20 on, to
achieve reinforcement envelope visualisation.

9.6.2 "Info" menu item

You will see information on the options provided by the "Construction phases" menu. In addi-
tion, you can also activate displacement visualisation as cumulative values.
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9.6.3

9.6.4

"Select files" menu item
Using this dialog box, you can compile a list of files to be summarised. A total of 15 files can be

loaded into the list. The files must be saved together with the analysis result data, otherwise an er-
ror message appears.

Construction phase files X

ITI Far. | Back | Load | Save | Dizplay |

M. File Dezcription/Final conzstr. phaze
1 LA ASpstem 1.vib | + Construction level &

2 LA ASystem 2. vib | " Construction level B

3 LA ASystem 3.vib | " Constuction level C

4 Click. and chooze file | .

a Click. and chooze file | .

B Click and choose file | 'S

7 Click, and chooze file | '

g Click. and chooze file | '

The current system results are not displayed automatically. They must first be saved as a result file
and then be loaded into the file list. The currently loaded system serves only to represent the exca-
vation, which is displayed in the graphics in addition to the summarised results. You can move
through the list using "Forw." and "Back". Using the "Save" button the selected files can be saved
in order to be loaded into the application at a later session. If you save the current system, the file
names will also be saved in the dataset. Using the "Display" button, the summarised files will be
displayed on the screen.

After clicking one of the "Click and choose file" buttons, the desired file can be selected. The but-
ton is then labelled with the file name. The project identification is shown after this (in the exam-
ple above "Phase 1", "Phase 2"). If you need to remove a file from the list, click on the button
with the file name and select the "Cancel™ button from the file selector box. The file sequence
should correspond to the construction phase sequence. The radio button behind the file name
serves to indicate up to which file the summary should be displayed.

There are two arrow icons E in the toolbar (see Section 9.7.6). These allow to easily switch
between the individual construction phases, facilitating an animation-like visualisation of the
bending line in the individual construction phases. Of course, the arrow icons only work if files
have been selected and you have left the dialog box using the "Display" button.

"Display summary" menu item

If the system graphics or the results of the current analysis are actually displayed on the screen,
this option will switch to a visualisation of the construction phases.
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9.7 Graphics preferences menu

9.7.1 "Refresh and zoom" menu item

The program works on the principle of What you see is what you get. This means that the screen
presentation represents, overall, what you will see on your printer. In the last consequence, this
would mean that the screen presentation would have to be refreshed after every alteration you
make. For reasons of efficiency and as this can take several seconds for complex screen contents,
the screen is not refreshed after every alteration.

If, e.g., after using the zoom function (see below), only part of the image is visible, you can
achieve a complete view using this menu item.

Ilze cument zoom of 1.000

04| 06| o8| 10| 15| 25| 40| s0]

Cancel

A zoom factor between 0.4 and 8.0 can be entered in the input box. By then clicking on "Use" to
exit the box the current factor is accepted. By clicking on the "0.4", "0.6", etc. buttons, the selected
factor is used directly and the dialog box closed.

It is much simpler, however, to get a complete overview using [Esc]. Pressing [Esc] allows a com-
plete screen presentation using the zoom factor specified in this menu item. The [F2] key allows
screen refreshing without altering the coordinates and zoom factor.
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9.7.2 "Zoom info" menu item

You can enlarge a section of the screen by clicking on two diagonally opposite points to see details
better. An info box informs you about the activation and possibilities of the zoom functions.

To magnify ko any size: press the
[CHrl] key and the left mouze buttan,

Alternatively vou can enlarge or reduce
with a factor of 2. *'ou can uze this function
with the corresponding icons

i the toolbar.

|+ Enlarge | FReduce

[+ Mouse wheel operation with global coordinates ? |

Cancel

A quicker way to zoom in and out of the system graphics is to use the mouse wheel. When the
program is started for the first time, the default setting for mouse wheel operation is activated ac-
cording to Windows conventions.

If you want to change the system coordinates and the scale of your system using the mouse wheel,
activate the "Mouse wheel operation with global coordinates"” check box. If you close the pro-
gram with this setting, the setting is still activated the next time you start it.

The functions via the mouse wheel can be found in the chapter "Tips and Tricks/Keyboard and
Mouse" (see Section 6.3, page 15).

9.7.3 "Legend font selection” menu item

With this menu item you can switch to a different true-type font. All available true-type fonts are
displayed in the dialog box.

9.7.4 "Pen colour and width" menu item

In order to enhance the clarity of the graphics you can edit the pen settings for various graphic el-

ements (e.g. moment, shear force, loads, etc.). You can edit the pen widths for the elements shown
in the dialog box; by clicking on the button with the element designation you can also edit the pen
or fill colours.

On monochrome printers (e.g. laser printers), colours are shown in a corresponding grey scale.
Graphic elements employing very light colours may be difficult to see. In such cases it makes
sense to edit the colour preferences.
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9.7.5 "Mini-CAD toolbar" and "Header toolbar" menu items

Using these two menu items you can add free text to the graphics and add lines, circles, polygons
and images (e.g. files in formats BMP, JPG, PSP, etc.). PDF files can also be imported as images.
The same pop-up menu opens for both menu items, the icons and functions used are described in
more detail in the Mini-CAD manual saved in the 'C:\Program Files (x86)\GGU-Software\
Manuals' folder during installation. The differences between the Mini-CAD and Header CAD are
as follows:

e Obijects created with "Mini-CAD" are based on the coordinate system (generally in me-
tres), in which the drawing is produced, and are shown accordingly. You should use the
"Mini-CAD toolbar" when you wish to add information to the system (for example, label-
ling of slope inclinations or the location of any foundations).

e Objects created with the "Header CAD" are based on the page format (in mm). This makes
you independent of the coordinate system and keeps you in the same position on the page.
You should select the "Header toolbar" if you wish to place general information on the
drawing (company logo, report numbers, plan numbers, stamp etc.). Once you have saved
the header information to disk (see "Mini-CAD" user manual), you can load it into com-
pletely different systems (with different system coordinates). The saved header information
will appear in exactly the same position on the page, which greatly simplifies the creation
of general page information.

9.7.6 "Toolbar preferences" menu item

After starting the program a horizontal toolbar for menu items appears below the program menu
bar. If you would rather work with a popup window with several columns, you can specify your
preferences using this menu item. The smart icons can also be switched off.

At the bottom of the program window, you find a status bar with further information. You can also
activate or switch off the status bar here. The preferences will be saved in the "GGU-
RETAIN.alg" file (see menu item "Graphics preferences/Save graphics preferences™) and will
be active at the next time the program is started.

By clicking on the tools (smart icons) for the menu items you can directly reach most of the pro-
gram functions. The meaning of the smart icons appears as a text box if you hover with the mouse
pointer over the tools. Some of the tool functions cannot be activated from the normal menu items.

E "Next page"/"Previous page"

Using this icon, you can navigate between the individual pages in the tabular representation.

m "Select page"

If you are in the tabular representation, you can use this icon to jump to a specific page or to re-
turn to the normal representation, that is, to the graphics.

"Zoom out"

If you have previously zoomed in, this tool returns to a full screen display.

"Zoom (-)"/"Zoom (+)"

With the zoom functions you can zoom in or out of parts of the image, by clicking the left mouse
button.
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"Colour/hatching"

Four colour settings are possible; you can click through them in sequence. A colour filled repre-
sentation is the default setting, the next click shows the hatching, then coloured and hatched. The
fourth click shows a representation with neither colour nor hatching. The next click starts again.

"Copy/print area"

Use this tool to copy only parts of the graphics in order to paste them, e.g. to a report. You will see
information on this function and can then mark an area, which is copied to the clipboard or can be
saved in a file. Alternatively, you can send the marked area directly to your printer (see "Tips and
tricks", Section 6.5).

E "Construction phase back"/"Construction phase forwards"
If you have activated a summarised result of various construction phases, you can move from
phase to phase using the arrow buttons.

"Undo"

By clicking this icon the last performed change (e.g. movement of graphical elements made using
the [F11] function key or the menu item "Graphics preferences/Move objects™) can be undone.

"Restore "

By clicking this symbol, the last change undo carried out using "Undo" can be restored.
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9.7.7

"Soil properties legend” menu item

A legend containing the soil properties is displayed with the graphics. If the "Show legend" check
box is activated, you can edit the representation in the dialog box for this menu item.

Soil properties legend X

v  Show legend

Presentation format |E|:|I|:|ur spstem j

% [rmn]: IW

o [rorn]: IW

Font size [mm]: IT

|:| Background colour |

[ with permeabilities [ with depths

[ Sail designations in main graphics

Soil colours + hatching

Soil colours | Soil colours [pazsive zide)
Sol hatching |
Legend hatching factar: 0.&0

(] 4 | Cancel |

You can define and edit the position of the legend using the values "x" and "y". The size of the
legend is controlled by the values for "Font size™. Additionally, you can define a background col-
our for the legend. The fastest way to modify the position of the legend is to press the [F11] func-
tion key and then to pull the legend to the new position while holding the left mouse button.

In the case of a calculation with bedding according to the p-y method, an additional check box is
available here to highlight the shear values:

¥ Shear values [p-p method] marked red

By activating the "With permeabilities" and "With depths" check boxes the corresponding data
of the individual soil layers will be shown in the soil properties legend. The designationsentered
for the individual ground layers are displayed in the system graphics adjacent to the layer depths if
the "Soil designations in main graphics" check box is activated.

If "System coloured" is activated as presentation format in the combi-box, the soils will be dis-
played coloured both in the soil properties legend and in the system graphics. You can also define
either hatching or colour fill and hatching for the different soil types in the combi-box. The various
preferences can also be accessed via the "Colour/hatching" icon in the menu items toolbar (see
Section 9.7.6). If you select "System without all", the soils are merely numbered. The required
settings can be made in the "Soil colours + hatching" group box. If, in the menu item "Editor
1/Analysis options”, you have activated the "Differentiate active + passive soil properties”
check box, the "Soil colours (passive side)" is also displayed:
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e "Soil colours"/"Soil colours (passive side)"
You will see a dialog box, in which you can define your preferences. After clicking the but-
ton with the desired number you can assign each soil layer a new number or reorganise us-
ing the "Soil colours/Reorganise™ command button. You can save your colour preferences
to a file with "Soil colours/Save" and use them for different systems by means of the "Soil
colours/Load" command button. In the lower group box you can also transfer the colour
preferences to the Windows colour management dialog box, or vice versa, as user-defined
colour preferences for example. You can read a further description by pressing the "Info"
button.

e "Hatching"
Opens a dialog box in which you can define different hatching for each soil.

e "Legend hatching factor"
Input here allows tighter hatching in the soil legend. Input < 1.00 can be useful if the hatch-
ing spacing is so large that the differences in the hatching of individual soils can no longer
be properly discerned in the relatively small boxes used in the legend.

GGU-RETAIN User Manual Page 147 of 165 February 2024



9.7.8 "General legend" menu item

A legend with general properties will be displayed on your output sheet if you have activated the
"Show legend" check box. Using this menu item you can alter the type of visualisation.

General legend X

Position 'General info' legend
with reference to lower left page edage in mm

[+ Show legend

w [ IW
 [mm: 282.50
Font gize [mm]: IT

Max. no. of lines l?

B ackground calaur |

Show program name and version
Show standard

Marked red if not verified

Show gum Y analysiz

Detailed vertical capacity analyziz

Show gum H analysziz

FReq. zection length

Feq. embedment depth

?ITI?I—I—I—ITITITI—ID

Deszign zituation text

| Mo file name ﬂ

|Withu:uut date and time ﬂ

(] | Cancel |

You can define and edit the position of the legend using the values "x value" and "y value". You
control the size of the legend using "Font size" and "Max. no. of lines"; where necessary, several
columns are used. Additionally, you can define a background colour for the legend. The fastest
way to modify the position of the legend is to press the [F11] function key and then to pull the leg-
end to the new position with the left mouse button pressed.

In the General legend you can, if wished, display information on the program (name and version),
on the adopted standard and design situation (load case) as well as on the current file (name, path,
time info). Additionally the display of further information as e.g. "Show sum V analysis" can be
activated depending on the selected retaining wall. Any project identification entered in the
"File/New" or "Editor 1/Analysis options" dialog box will be shown automatically in the general
legend.
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9.7.9 "Design legend” menu item

Following analysis and design a legend containing the principal system design results is displayed
on the screen. Using this menu item you can alter the type of presentation if the "Show legend"
check box is activated.

Design values legend >

Pozition ‘Design’ legend
with reference ta lawer left page edae in mm

v  Show legend
[ Design values alzo 'without verification’

[ Marked red if not verified

w [ 200.00
 [mm: £0.00
Font gize [mm]: IT

bax. no. of ines Iﬁ
|:| B ackground calaur |

(] | Cancel |

You can define and edit the position of the legend using the values "x value" and "y value". You
control the size of the legend using "Font size" and "Max. no. of lines"; where necessary, several
columns are used. Additionally, you can define a background colour for the legend.

The fastest way to modify the position of the legend is to press the [F11] function key and
then to pull the legend to the new position with the left mouse button pressed.

9.7.10 "Subgrade modulus legend" menu item

A legend is displayed on the screen containing the subgrade reaction moduli entered for the sec-
tions along the retaining wall defined for the subgrade reaction profile. Using this menu item you
can alter the type of presentation if the "Show legend" check box is activated.

You can define and edit the position of the legend using the values "x" and "y". The size of the
legend is controlled by the values for "Font size". Additionally, you can define a background col-
our for the legend.

The fastest way to modify the position of the legend is to press the [F11] function key and
then to pull the legend to the new position while holding the left mouse button.
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9.7.11 "p-y curves legend" menu item

You can define and edit the position of the legend using the values "x" and "y". The size of the
legend is controlled by the height-width ratio. The fastest way to modify the position of the legend
is to press the [F11] function key and then to pull the legend to the new position while holding the

left mouse button.

[ Show function p = fly]

Heading: |F' = f[y]

# walue [mm]; 320000
y walue [rm]: 85,00

Font zize [heading] [mm]:

Font size [axes] [mm]:

[ Automatic axes

Show which zoil;

[~ Use soil colours

"width [rmm]: | a0.00
Height [mm]: G000

2o
20

| 0.500
] -

ma. Y [m]:

Petn width [rm]; 0.50

£y CUMVES On;

|:| Backaground colaur

|Stratum Centre

ok |

Cancel |

If you work with the p-y method, a legend of the p-y curves can be displayed. Using this menu
item you can alter the type of presentation or turn off the legend completely.

You can define and edit the position of the legend using the values "x" and

y

. The size of the

legend is controlled by the height and width you have entered. The fastest way to modify the posi-
tion of the legend is to press the [F11] function key and then to pull the legend to the new position

while holding the left mouse button.

You can adapt the display of the function p = f(y) to meet your requirements based on the selected
soil, alignment of the p-y curves or line colours.
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9.7.12 "Retaining wall diagram" menu item

A legend containing a small sketch of the retaining wall employed is displayed on the screen. Us-
ing this menu item you can alter the type of presentation or turn off the legend completely. The
following dialog box opens for a soldier pile wall, for example.

Retaining wall diagram >

v  Show legend

Font gize [mm];

% [mm)]: 330,00
# [rrn]: 2280

Height [mm]:

20

D Il

|:| Brackground |

[ Show barehale

ok |

30.00

. Section

v “izualization of zoldier pile spacing

Cancel

If you edit the font sizes you may have to alter the size of the legend to suit, otherwise the
dimensions in the legend may no longer be visible.

9.7.13 "Move objects" menu item

Select this menu item in order to position legends, diagrams and other graphical elements at the
desired position on the output sheet. You can also move objects by pressing [F11] and then posi-
tioning the legend box with the left mouse button pressed. In that case an info-box appears no

more.

If "Manual graph positioning" has been selected in the "System/Graph positioning prefer-
ences" menu item (see Section 9.4.7), the result graphs can also be repositioned using this func-

tion.
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9.7.14 "Save graphics preferences" menu item

Some of the preferences you made with the menu items of the "Graphics preferences" menu can
be saved to a file. If you select "GGU-RETAIN.alg" as file name, and save the file on the same
level as the program, the data will be automatically loaded the next time the program is started and
need not be entered again.

If you do not go to "File/New" upon starting the program, but open a previously saved file

instead, the preferences used at the time of saving are shown. If subsequent changes in the

general preferences are to be used for existing files, these preferences must be imported us-
ing the menu item "Graphics preferences/Load graphics preferences".

9.7.15 "Load graphics preferences” menu item

You can reload a graphics preferences file into the program, which was saved using the "Graphics
preferences/Save graphics preferences” menu item. Only the corresponding data will be re-
freshed.
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9.8 Page size + margins menu

9.8.1 "Auto-resize" menu item

This menu item provides a to-scale visualisation, in both x and y coordinates, of the system and
result graphics. If you have previously altered the image coordinates graphically or via editor, you
can quickly achieve a complete view using this menu item. This function can also be accessed us-
ing the [F9] function key.

9.8.2 "Manual resize (mouse)" menu item

You can use the coordinates of a section of the visualisation as the new image coordinates by
marking the desired area with the mouse, pressing the left mouse button and holding the [Ctrl] and
[Shift] keys. The scales of the x- and y-axes are adjusted accordingly. If the previous proportions
(scale x-direction/scale y-direction) need to be retained, the "Proportional section™ check box
must be activated.

Alternatively, you can simply "Redefine origin™ of the visualisation. The previous scale prefer-
ences are not affected by this.

9.8.3 "Manual resize (editor)" menu item

You can alter the image coordinates by direct numerical input in a dialog box. This allows precise
scale input. The coordinates refer to the drawing area. This can be defined in the "Page size +
margins/Page size and margins" menu item by means of the plot margins (see Section 9.8.6).

Image coordinates >

+ (left] [ml; | 100000
y [bottom] [m]: IW
Scale » direction 1 : IW
Scale y direction 1 : IW

Save | Load |

k. | Cancel | 0ld walues

The image coordinates entered here can be saved in a file with the extension ".bxy" and be reload-
ed later for the same file or for different files.

If you want to recover the previous values during input or use the menu item again after editing the
coordinates, you can do this by pressing the "Old values" button.

9.8.4 "Zoom" menu item

You can linearly enlarge or reduce the image coordinates.
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9.8.5 "Font size selection” menu item

You can edit font sizes for labelling the various drawing elements.

The font sizes of text within legends are edited in the respective legend editor. Just double-click in
a legend to do this.

9.8.6 "Page size and margins" menu item

The default page set-up is A3 when the program is started. You can edit the page format in the fol-
lowing dialog box.

Edit page size and marginz
Page in general

Height = 297.00 Width = 420.00

Page marginz in mm

Left = 25.00 Right = 8.00
Top = .00 Bottam = .00

Plot marginz in mm

Left = 25.00 Right = 8.00
Top = 25.00 Bottam = 25.00

v ith barders [v with rmargins

Cancel

e "Page in general" defines the size of the output sheet. The A3 format is set as default. The
program automatically draws thin cutting borders around the page, which are required when
using a plotter on paper rolls. The borders can be switched off using the "With borders"
check box.

e "Page margin" defines the position of a frame as a distance to the margins. This frame en-
closes the subsequent diagram. You can switch off the frame deactivating the "With mar-
gins" check box.

e The "Plot margin" define a set distance between the page margin and the actual drawing
area in which the graphical evaluation of your input is presented.
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9.8.7 "Undo" menu item

If you have carried out any changes to dialog boxes or moved objects to a different position on the
screen after selecting the "Graphics preferences/Move objects” menu item or using the [F11]
function key, this menu item will allow you to undo the movements. This function can also be
reached by using the key combination [Alt] + [Back] or the appropriate tool in the toolbar (see
Section 9.7.6).

9.8.8 "Restore" menu item
When this menu item is selected the last change made in a dialog box or the last change in the po-
sition of objects, which you undid using the menu item "Page size + margins/Undo" will be re-

stored. This function can also be reached by using the key combination [Ctrl] + [Back] or the ap-
propriate tool in the toolbar (see Section 9.7.6).

9.8.9 "Preferences" menu item

You can activate or deactivate the undo functions.
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9.9 Info menu

9.9.1 "Copyright" menu item

You will see a copyright message and information on the program version number.

The "System" button shows information on your computer configuration and the folders used by
GGU-RETAIN.

9.9.2 "GGU on the web" menu item

Using this menu item, you can access the GGU Software website: www.ggu-software.com.

Check the page of your GGU program module at regular intervals for information about updates
and changes. On the "Changelogs" subpage, you can also subscribe to an email notification that
informs you of all changes monthly.

9.9.3 "GGU support” menu item

This menu item takes you to the GGU support portal. You can enter your support request there and
upload your edited GGU program file.

9.94 "Maxima" menu item

Here you can check the defaults for maximum values.

9.95 "Active wall friction angle" menu item

A message box appears with information relating to active angle of wall friction according to the
EAB.

9.9.6 "Compare earth pressure coefficients" menu item

Here you can calculate the earth pressure coefficients for given values of phi, delta and beta.

9.9.7 "Vertical capacity" menu item

You can compare gb,k and gs,k for given qc and cu,k values to EAU 2012 and Recommendations
on Piling 2012.

9.9.8 "Aktive earth pressure (constrained slip surface)" menu item

The active earth pressure is determined for a constrained slip surface.

9.9.9 "Steel design to DIN EN 1993" menu item

Design values can be entered by hand irrespective of any analysis results. They are then used to
perform steel design to EN 1993/EC 3.
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9.9.10 "Grouting points analysis (U sections)" menu item

Using this menu item, you can have the grouting points verified for a selected section. You can use
the following dialog box to examine various settings for the selected section.

Grouting peoints analsyis (EALU 8.1.2.6.3)

Section: AL 14
E wizting number of grouting pointz ¢ m [-] R0

Rd [kM/prezzsing paint] 70,00
Integral of shear force [kM] 25000

Length of the shear force range [m] 5.00

Cancel

Il

You will then receive the following verification, for example, which you can transfer to your re-
port via the Windows clipboard ("Clipboard" button).

Grouting points analsyis (EAU 8.1.2.6.3)

Section: Al 14

E mizting number of grouting pointsdm [-] = 3.50

FAd [kM/pressing point] = ¥5.00

Iy [cmdfm] = 2B630.00

Sy [crmiddm] = 831,50

by [izm] = 150.00

LQ = distance of shear farce transition paints [m] = 5.00
|ntegral of shear force [ntegrall [kM] = 260.00
Required number req. n = eta - Integrald ARd - LA]
eta=5u/ [y by

req. =290

Cancel | Clipboard |

After clicking on "OK", you can verify the grouting points for another section or for the same sec-
tion with different specifications. Click "Cancel" to exit the menu item.
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9.9.11 "Welding lengths analysis (U sections)" menu item

Using this menu item, you can have the welding length verified for a selected section. You can use
the following dialog box to examine various settings for the selected section.

W

elding length analysis

Section: AL 14
Select stesl |5 240 GP j

YWeld zeam thickness [mm] 4.00 ?
Integral of shear force [kM] 250.00 7

Length of the shear force range [m] 5.00

Cancel

You will then receive the following verification, for example, which you can transfer to your re-
port via the Windows clipboard ("Clipboard" button).

Welding length analysis

Section: Al 14

Steel: 5 240 GP

Weld zeam thickneszs awd [mm] = 4.00

Iv [cmddm] = 28680.00

Sy [crm3dm] = 831.50

be [cm] = 150.00

LQ = distance of shear farce tranzition paints [m] = 5.00
fu [kM /o] = 34.00

betaw [-] =080

gamma.Z [-] =1.25

Omega =5y - be /|y

Omega [-] = 4.35

gigaw B .d = fu / [1.73205 - betaw - gamma, i)
gigw B d [kMAomé] = 19.63

|nteqgral of shear force [ntegrall [kMN] = 260.00

req length [cm] = req L = Omega - Integrald 4 [awd - sigw R.d]
req L [cm] =1385

erf L' =erf L /LA [emdm] = 27.7

Cancel | Clipbioard |

After clicking on "OK", you can verify the welding length for another section or for the same sec-
tion with different specifications. Click "Cancel" to exit the menu item.
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9.9.12 "Help" menu item

The GGU-RETAIN manual is opened as a PDF document. The help function can also be accessed
using the [F1] function key.

9.9.13 "What's new?" menu item

You will see information on program improvements in comparison to older versions.

9.9.14 "Language preferences" menu item

This menu item allows you to switch the menus and the graphics from German to English and vice
versa. To work in German, deactivate the two check boxes "Dialoge + Mens Ubersetzen (trans-
late dialogues, menus)” und "Graphiktexte Gibersetzen (translate graphics)”.

Alternatively, you can work bilingually, e.g. with German dialog boxes but with graphic output in
English. The program always starts with the language setting applicable when it was last ended.
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10 Index

2
2" order theory,
for wall analysis under buckling loads......... 54
select for analysis .......ccccoovrvreneiciniienns 126
A
Absolute heights, USE.........ccccovciiiiiieiiiices 74
Action boundary conditions,
AefiNe. .o 107
equivalent for pretensioning...........c.cccccoovee. 62
Active earth pressure,
activate calculation after Culmann................ 89
analysis principles.................
calculation after Culmann
edit analysis preferences........
select for analysis.........ccccovenennee.
Additional length,
consider in analysis .........c.ccovveriieniennnenn, 51
efiNe. ..o 123
Analysis of vertical capacity,
enter SOil Properties.........coceovvvereienieennenn, 86
Analysis,
save results in file.......ccovvviiccinnine 75
terminate........coovveeieninnse ... 124
Anchor steel design ... 119
Anchorwall ... 108
Anchors,
adopt predeformation as support lowering ... 61
consider pretensioning........coovveeereencnnene 62
efiNe .o 108
define pretensioning .........c.ccoceveeereiniennens 110
display design values in a message box...... 137
optimise length ..., 29, 138
Angle of wall friction,
enter/adopt from soil database...................... 86
Area loads,
consider in analysis .........c.ccovveriieniennnenn, 46
efiNe. ..o 104
include into earth pressure redistribution ... 126
select ep analysis method ............cccccceennnee. 91
select type of ep analysis
tO DIN 4085 ...
At-rest earth pressure,
coefficient to DIN 4085........c.cccovvrieninnne. 38
Keep CoNStant........ccevvievereneiereeeeree s 91
select for analysis.........ccocoeveniinnenieninene, 88
Aulbach/Ziegler, activate method..................... 99
Axial rigidity,
check after change of section ....................... 53
specify for anchors/struts..........cccccoeeveenncnne. 52

B

Base heave safety,

activate analysis .......ccoevevveivienenericieeennn

analysis principles

present results in a message box................ 139
Bearing capacity failure analysis,

after Weillenbach ..........cccoeovviiniinicnnnn, 65

Bedded systems,

automatically determined section length ...... 60

determine embedment depth.............c.ccoce 58

given section length.........cccccoceveiiiiiinnnn. 59
Bedding of wall toe,

define.....ooiiei e 125

Mt StAtes ...ooveeceee e 58
Bending line,

calculation with Young's modulus.............. 118

display with predeformations...................... 114
Berms,

define labelling........cccooviiiieieiiee

define on active side

define on passive Side.........cccocoevvicieinn. 85
Blum's method,

select as calculation method........................ 125
Bounded surcharges,

consider in analysis .........ccoceevreverirennn 49, 51

AEfiNE. i 105
Buckling analysis to DIN EN 1993-1-1,

ACHIVALE ... 126

sheet pile wall analysis principles ................ 54
Buckling length investigations, for struts ......... 52
Buoyancy safety,

analysis using global safety factors............... 68

analysis using partial safety factors.............. 68

display results in a message box................. 139

C

Caquot/Kerisel,

passive ep analysis .........ccovvereriniineinenn

select for passive ep analysis
CholesKy .......ccooviiiiniiiiiiiee
ClPbOoArd........ccooiiiiiiiee e
Cohesion,

coefficient determination methods ............... 37

enter/adopt from soil database...................... 86
Colour/hatching,

define for loads..........ccocvvveieieiiicciiee

define for soils....

switch on/off........cccoeiiinii

Colour/pens, define for graphical elements .... 143
Compaction earth pressure,

adopt to DIN 4085-2011/Franke ................ 112
Company letterhead, add via Mini-CAD......... 144
Cone resistance,

for analysis of vertical capacity.................... 86
Construction phases,

activate displacement as sum...............c...... 140

animated visualisation

consider predeformations ............c.ccoccvenenee 61

possible state variables presentation..... 72, 140

SElECt FIleS...cveviieicieicee e 141
Context MenuU, OPEN .......covveverieeie e 14
Coordinates,

alter mouse Wheel.........ccccooevvveiiiinieiinn, 15

alter via editor ........

alter with mouse

optimise/reset .........

save/load.............

ZOOM ..ttt
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Copy/print area..........ccecevvevveveeeresnenn, 17,81, 145

Corrosion,
activate use of several sections..................... 74
select several sections
Corrosion, consider for sections ...........cceeue... 32
Counterforce C after Blum ........ccccccovvvvvvevnnenee. 69
Culmann,
activate active ep calculation........................ 89
activate passive ep calculation..................... 90
active ep calculation.....................
passive ep analysis ................

Cutting borders, switch on/off

D

Database,

for soil properties of common soils........ 37,86
Dataset description,

display inlegend ........cccccooverineiincinnienns 148

BNEET .ottt 74
Deep-seated stability,

analysis preferences.........c.ccovvereenieeinnenn, 98

analysis principles

utilisation factor for anchors....................... 138
Degree of fiXation.........ccoecervreeereiensenseenn 58
Delete,

SECLIONS. c.vevieeieteec ettt 117

SOIl JQYEFS .. 87
Design section,

edit ValUES ..o

SEIECE ..o

Design situation,
activate display in legend
enter text for legend

Design,

display results in legend ...........cccccoeirenene 149

edit preferences ... 130

input for infill walling ..o, 131
Dimension lines,

AefiNe ..o 136

MOVE With MOUSE ...t 151
DIN 4085,

consider in ep analysis.........c.ccocererereencnne. 37

passive ep analysis .......ccccoovvreneienniinienens 38

select for active ep analysisS.........cc.ccceevvuenne. 89

select for passive ep analysis............ccccoeunee. 90
DIN EN 1993-5/DIN EN 1993-1-1..........cccu..... 54
Displacement boundary conditions, define..... 107
Displacements,

define for retaining wall ..............coccoeeis 107

display envelope for construction phases ... 140
Distributed load, define labelling.................... 135

Double-bounded surcharges,

Drawing area, define

DXF file,
EXPOMT et 80
IMPOIT..eeicc e 8
E
Eart support,

display analysis results in a message box... 139

Earth pressure coefficients,
be calculated

calculate ..........

user-defined..........ccooviiiiniiiice
Earth pressure redistribution,

display in a message boX .........ccccvvviiienne 137

t0 EAU 2012 ... 129

user-defined...........coovvieiinniiccis 129
Earth pressure,

edit preferences for active .........cccceevveenene

edit preferences for passive

select for analysis .......ccocooovvereiiiiicieiene
Earth quake, as design situation to EC 7........... 97
EAU 2012,

earth pressure redistribution ................c...... 129

reduce partial factor for permanent action.... 96
EC 2. 36, 53
EC 3, activate for steel design ..........ccccccevvruenene 74

EC 7, load cases description
Editor window, output table

Elastic analysis, Employ.........cccoccovviniiinenne
Elevation head, for potential definition............. 43
Embedment depth,

define for analysis

determination.............
EMF fOrmat ........ccoovveiiiiiieincceeenene
Equivalent earth pressure coefficient,

ACHIVALE USE ... 89
Equivalent force C,

horizontal component............ccccovveviiiicnns 51

vertikal component..........cocccvvveniiiieicninn. 70
Euler cases, example files...........cccocnvnincnnn 57
Excavation,

change alignment..........ccocovereiciiincnenenes 74

define base........cooeviiiini e 83

=

File,

display name in legend..........cc.coccoiiiinnenne 148

10Ad/SAVE. .....ccviiicc e 75
Finite element module,

for structural System..........cccoooevininiicnenn 52

for water pressure determination.................. 40

First moment of area,
enter for sheet pile wall sections

enter for soldier piles...........ccc.c....

enter for waling ........ccccoceoveiinenne
Flow conduits, possible error using .................. 41
Flow force,

CharacteristiC ........ccovvvrerene e 66

for hydraulic heave safety .........c.ccccocevennene 65
Font selection...........cccovvveveneveericice e 143
Font size,

define for graphical elements ..................... 154

design legend.........cccoovevieneieieiecieeeene 149

dimension [iNes........ccccovveniieinieniiiiee 136

general 1egend ........ccccooiviniiiiniiiiiiee 148

retaining wall legend ...........cccocoviiiiininns 151

soil properties legend ........cccoeveiiiiienenn. 146

subgrade modulus legend .........cc.cccoeeeeeneee 149

system/result graphics ..........cccceveeveivieiiennnn 135
Footer, output table.........c.cccvevvevreiiiiieieien, 76
Force boundary conditions,

equivalent for pretensioning.............cccceevenee 62
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Friction angle,
activate input of diff. active/passive values.. 74

enter/adopt from soil database...................... 86
FUNCLION KYS... .o 13
G

General page informations,
add via Mini-CAD........ccocoviiiiiinines 144

General stability,
verification via file export
GGU-CAD file, export...............
GGUMIniCAD file, export...........
GGU-STABILITY file, export ........cccceeveennene 79
Global coordinates,
use for Mini-CAD OULPUL .........cecvrveininenns 81
Global safety factors/verifications define.......... 95
Graph grids, define .......cccccooeierierniiniene, 135
Graph positions,
alter via editor .........cccoovervenine e
alter with mouse ..........ccceevveennee
Graphics, add via Mini-CAD
Groundwater,

define labelling........ccoooeeinenniiee 135

enter additional potentials .............cccoceenie 110
Grouted section,

enter length for graphics.........c.cccoeeiniene 108

enter width for graphics............ccccoeevniene 135

Grouting points, verify for U sections .... 140, 157

H
Hatching,

define for loads

define for soilS.........cocevveevieinnns

switch on/off .......ccoovviiviiiiiiie
Header CAD, application explanations........... 144
Header, output table..........c.ccoovveniieiicee, 76
Heave of anchor soil,

activate analysis .......ccoovveverenenenneenee, 98

present analysis results in a message box... 139
Hinges, define for Struts...........cccoeieiiinenncns 109
Hydraulic gradient,

calculation .....c..eeveveee e 40, 44
Hydraulic heave safety,

after Aulbach/Ziegler .........c.ccocovvviiriennne.

analysis using global safety factors

analysis using partial safety factors

display results in a message box.................

|

Increased active earth pressure,

COETFICIBNt....veeiviiiieceec e 38

select for analysis.........ccocoeveniinnenieninene, 88
Inserted beams,

ACLIVALE USE..veeveeereecereecvee et 74

SEleCt SECLION .....cocvveceieciee e 118
Iteration, subgrade reaction ............cccccoeeveenene 59

L

Labelling, system/result graphics.................... 135
Language preferences
Lateral pressures, define ..........c.ccoooeviviennnns 103
Layout,

edit for output table .........cccoveieiiiiiii 76

edit for page.......coevveiiiiiie e 154
Legends, move wWith mouse ..........cc.cceevverveneee 151
Length surcharge,

consider in analysis .........cc.ccocevevviiiinieniennn 51

define.....ooiiei e 123
Licence protection ..........ccoceeceveeeiencseseseneenes 11
Limit states, bedding of wall toe....................... 58
Load case,

activate display in legend ...........cc.ccceevrenene

adopt from ONORM EN 1997-1....

adopt to DIN 1054-2010/EC 7 ......ccccevneeee.

enter text for legend........c..cccooveviviiccninn.

Load case,adopt from DIN EN 1997-1/EC 7....97
Load concentration factor,

CONSIAET . 47
define....cooiiei 91
Load transition point,
using redistribution...........cccccceeeeniinienne 128
Loads with limited plan dimensions,
AefiN ..o
reduce
Loads, graphical output preferences............... 134
M
Manual, open as PDF file ..o 159
Maximum values,
display for state variables............c.ccccooenee 137
display for system
Metafile, export ..........
Mini-CAD,
application explanations.............ccoccceevrvenne 144
EXPOItfile ..o 81
output with global coordinates ..................... 81
Mob. passive ep, equilibriumto EAB............... 69
Moment of inertia,
enter for sheet pile wall sections................. 117
enter for soldier piles..........ccocooeviinininnns 116
Moment,
display envelope for construction phases ... 140
Mouse click functions...........ccccvevveiiiiiiicns 14
Mouse wheel functions,
apply to global coordinates................... 15, 143
N
Navigation, output table.............ccccocvrvinennnn. 144

Normal forces,
display envelope for construction phases ... 140

@)
Objects, move with mouse.........c.ccoevererennne 151
ONORM EN 1997-1,
select partial safety factors..................... 97,99

Opening angle, enter for
sheet pile wall sections
Output preferences........cvvvvveeveiviviieveiiennns
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Output table,

edit output as ASCll.....c.cooevvveviievicicece,
edit output as graphics
NAVIGALION.....cviiiieiieeeee e
save/load settings for graphical display........ 76
select output format............cooevereincenne. 75
switch to system graphics..................... 77,144
P
Page,
copy/print Section .........cccevevveveicesnenne, 17,145
define format
define Margins........ccoeovoeiiieneiceeee 154
switch margins on/off..........ccccoceoneinienns 154
Pagination, automatic ...........cccceeevvervrrnnnnn. 77,78
Partial safety factors,
AEfiNE. e 75, 96, 99
select from ONORM EN 1997-1............ 97,99

Passive earth pressure,
activate calculation after Culmann

analysis methods for coefficients........

calculation after Culmann ...............

edit analysis preferences...........ccoceveeveennnnne.
PDF file, import via Mini-CAD..................
Pen preferences, edit for graphical elements... 143
Percolation below toe, define for analysis........ 93
Permeabilities,

consider in analysis ...........ccovvereienieninene. 37

display inlegend ..........ccoccoovveneieinieiennns 146

enter/adopt from soil database...................... 86

using flow conduits .........cccovervriiinciiniennns 40
Piling Handbook,

consider loads with limited dimensions........ 48

effect on earth pressure ........ccoceeevveeence, 45
Plausibility checks,

show during analysis..........cccvererniinienncns 124

VIEW TESUILS ..o

Plot margins, define
Potential, definition
Pre-curvature,
activate visualisation in result graphics...... 133
define for buckling analysis ...........c.cc.cc..... 126
visualisation in different systems ................. 55
Predeformations,

Presentation height, loads
Pretensioning,

consider in analysis .........cccccevvenerniiienenn, 62

define for anchors/struts...........cccccoeveeneae 110
Print,

GraphiCs ..o 79

output table.........cooveiieiie 80

SECLION et 17, 81, 145

several files ... 82
Program,

display name in legend..........ccccoooeieiniennns

save/load preferences ............

show improvements...............

show information ............c.ccccc.....
Project data, add via Mini-CAD
Project identification,

display inlegend ..........cccocovvveveiiinicicennns 148

Pull-out resistance,

activate analysis ........c..cceceveveviereiviiniennns 100
activate display
present analysis results in a message box... 139

p-y method,
ENEE SOIIS ..o 87
highlight soil properties in legend .............. 146
INFO e 63
select as calculation method.............ccc...... 125
R
Redistribution figures,
available ... 64
SEIECTE it 126
Reinforcement,
display envelope for construction phases ... 140
Result graphics,
AISPIAY .. 136
edit preferenCes .......cocoevveievveneencecene 133
label. .o 135
POSIEION ...t 132
Results, display for selected depth............ 14,137
Retaining wall,
define rotation/displacement ...................... 107
differences in design..........cccoovvervvrecieenennen 36
display as sketch in legend....
enter dimenSionS........ccoeveveecrerereecseerenes

select for analysis
Retaining wall, export to GGU-STABILITY as

structural element..........cccooveiviiiiiiie s 79
Rod construction module...........cccoovveeiiviiiennn. 52
Rods,

define for Struts .......cocoeevvevieiceccie s 109

define for System ..........ccocovvieiiieiincnenns 122
Rotation, define for retaining wall .................. 107

S
Safety concept, Select.........ccoovevvriineiininnn, 74
Safety factors, define ..o, 75, 95
Scale,

alter via mouse Wheel ..........ccccevvviiiiieinnns 15

alter with MmouUSE ......ccccovvvevveeiieccee e 153

define via editor..........cccceevveiiieiiieiiiecciee 153

determine automatically ............ccocoinenee 153
Scroll the SCreeN......ccvvecvveiieirecce e 15
Secant pile wall, define..........ccccooeveiiiviiiennne 84
Section modulus,

enter for soldier piles.........c.cccvvveniiiieene 116

enter for waling .........ccocoevvvvinnicniiniee 121
Section,

activate selection from list..........c..ccceeevennen. 74

determine optimum length.............cc.ccoceeee 60

edit/enlarge list........ccccooviiiiiiniiiiee 116

Seismic effects,

as design situation to EC 7

consider loads............ccoueuene
Self-weight wall, calculation
Shear forces,

display envelope for construction phases ... 140
Shear strength, for vertical capacity analysis.... 86
Shear stress,

values for sheet pile wall sections............... 117
values for soldier piles..........ccccovveviivieiennnn 116
values for waling........c..ccocevevevviciiinieiennn 121
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Sheet pile wall section,
define partial corrosion
define/delete........ccoveriiiiinnennn
select for design.......ccoevvereieneicieeee

Skin friction gs,k,
activate for anchor analysis............ccccoce.ee. 108

Slip planes, compound...........cccccocevvevieiviieennens 71
Slope stability application.............ccccccevveviennine 79
Smart icons, for menu items ..........ccccoeeinene. 144
Soil colours,

activate display........ccoceeeveeiiennnns

define active/passive display
Soil designations,

[0 1 TR 86
Soil layers,

adapt to absolute heights ..........ccccccovveninne. 83

define/delete........coovevvieeciiiiieccc s

maximum number
Soil numbers, activate display ..........c.ccccevevee. 146
Soil properties,

activate input of diff. active/passive values.. 74

define diff. active/passive values

display in legend .......c.cccoovvuenennne.

enter/adopt from soil database......

import from GGU-CONNECT.....
Soldier piles, select for design ..........ccceeveeee.
Specific weight, define for sections
Standard,

display inlegend ..........cccoooviiieniiniiennns

SEIECE ..o
Status bar main program, activate
Steel design, activate to EC 3 .......cccovevviiennne
Stiffnesses, consider in analysis...........cc.ccoceue.e
Streck,

passive ep analysis .......cocceevereriiineienienins 38

select for passive ep analysis.........cc.ccceevnnene. 90
Stress, determination types for design .............. 53
Struts,

define....ccveiiieee

define pretensioning

display design values in a message box...... 137
Subgrade reaction modulus profile,

efiNe...oicicec 111

display inlegend .........cccceeveennne ... 149

for elastic analysis........cccocevevvinnienieninenn, 62

Subgrade reaction modulus,
select as calculation method
select Unit .......coceeevveeveicieeiees

Subgrade reaction, reduce...........ccoceeveieiuennne
Sum H,
activate analysis .......ccooeovreieniiennencen 97
analysis prinCiples ..., 69

display analysis results in a message box... 139
SumV,

activate analysis .......ccoovvervrenencinieeneee, 97

display analysis results in a message box... 139
System coordinates,

alter via mouse wheel ..., 15
System coordinates, ZOOM .........ccccvveveverrenenn, 153
System,

activate coloured/hatched display....... 145, 146

ANAIYSE. ...t 124

diSPIaY ..o 136
display properties in legend...........c..ccceue. 148
divisSion iNto rods........ccoevvienneniiiienne 122
edit graphics output preferences................. 133
enter data for Aulbach/Ziegler...................... 99
show information..........ccccceeevvvevcenennne 122, 156
SEPUCEUTAL ..o 52
T
Theory of elastic half-space..........c.ccceveirennene

Toolbar, edit for menu items
Transition point,

using redistribution..........c.coceeiiiiiiiens 128
Translation, activate...........coceeveeeeiviiee s 159
True-type font.......ccocvvveincirceee 143

U
U sections,

verify grouting points........ccccoeeevveecreenene. 157

verify welding length .............cooene. 140, 158
Unit weight,

activate input of diff. active/passive values.. 74
Unit weight, enter/adopt from soil database ..... 86
User-defined ep coefficients, enter ................... 92
Utilisation factor,

BUOYANCY ..o

deep-seated stability

hydraulic heave ..o

Vv
Verifications,
activate to DIN 1054 0ld ........ccccovvvrirenienne 95
activate to DIN EN 1997-1/EC 7................. 96

Version number,
display in a message box

display in legend.........ccoocovvvvniicniiniene
Vertical capacity,

enter soil properties for analysis................... 86
Vertical forces,

activate analysis .........c.ccooeverereinincnenens 97

display analysis results in a message box... 139

equilibrium to EAB ... 69

W

Waling,

create data set from soldier pile list............ 116

ABSIGN v 120

load/save waling list files ...........ccccocerennne 121
Wall inclination, defing ........ccccoeveeivciieiiineenne 74
Wall toe,

freely embedded.........cccooiiiiiiiiii 58

fully fixed......coeiriice, 58
Wall top,

max. rotation/displacement for iteration....... 60
Water pressure approach,

ClasSiCal .....coooieiiie

recommendation.....

select for analysis.......

using flow conduits
Water pressure,
enter additional Wp..........ccocevevieiiiiiiienns 110
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resulting difference.........ccocovevevevicviiiieinns
user-defined distribution

Web thickness,
enter for sheet pile wall sections ................ 117
enter for soldier piles..........cccovceieieiieennne 116
enter for waling .........cccooovviieneiiieees 121
Weilenbach,
analysis of SUMV ..., 69
bearing capacity failure analysis .................. 65
Welding length, verify for U sections..... 140, 158
What you see is what you get ..........cccccveuenene 142

Y
Young's modulus,
enter for sections in list ..........cccocoeviiiennne 118
Z
Zoom factor, define for full-screen display..... 142
Zoom function, activate ............ccccovvennn. 143, 144
Zoom, system coordinates ...........ccoceeveeervenens 153
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